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eborah R. Cameron, R.N.,a and Glenn D. Braunstein, M.D.a,b*

edars-Sinai Medical Center, Los Angeles, California

bjective: Review of literature with regard to androgen replacement therapy in women.

esign: Review of the MEDLINE database and references from articles.

onclusions: Androgens affect sexual function, bone health, muscle mass, body composition, mood, energy,
nd the sense of well-being. Androgen insufficiency clearly has been demonstrated in patients with hypopi-
uitarism, adrenalectomy, oophorectomy, and in some women placed on oral estrogen therapy which increases
ex hormone-binding globulin (SHBG) levels and lowers the free and bioavailable forms of T. Symptoms of
ndrogen insufficiency in women may include a diminished sense of well-being, low mood, fatigue, and
ypoactive sexual desire disorder with decreased libido, or decreased sexual receptivity and pleasure that
auses a great deal of personal distress. The preponderance of evidence from clinical trials supports the
orrelation of decreased endogenous androgen levels with these symptoms and alleviation of many of the
ymptoms with the administration of T or, in some cases, DHEA. There are no Food and Drug Administration-
pproved androgen preparations on the market for treating androgen insufficiency in women. The safety
rofile of androgens in doses used for the treatment of hypoactive sexual desire disorder has been excellent
ith only mild acne and hirsutism being noted in a minority of patients. (Fertil Steril� 2004;82:273–89. ©
004 by American Society for Reproductive Medicine.)

ey Words: Androgen replacement therapy, androgen insufficiency syndrome, testosterone replacement,
c

Female sexual dysfunction has been classi-
ed as four distinct disorders—sexual desire
isorders (includes hypoactive and aversion
isorders), sexual arousal disorder, orgasmic
isorder, and sexual pain disorders (dyspareu-
ia, vaginismus, and other causes) (1, 2). For
ome women, androgen insufficiency may re-
ult in hypoactive sexual desire disorder
HSDD), which is defined as a change in sexual
unction such as a persistent or recurring defi-
iency (or absence) of sexual fantasies or
houghts and desire for or receptivity to sexual
ctivity that causes personal distress (1–3). For
even decades (4–11), androgens have been
sed to treat menopausal symptoms including
ow libido and other manifestations of HSDD,
ut only recently have careful clinical trials
stablished the beneficial effects of androgens
n women with androgen insufficiency (12–15).
his review focuses on the clinical constella-

ion of symptoms that have been associated
ith androgen insufficiency, the relationship of

ndrogens to female sexuality, and the efficacy

nd safety of androgen therapy in women. t
ANDROGENS IN WOMEN

The biological activity of an androgen de-
ends on its ability to bind to androgen recep-
ors in target tissues and regulate gene tran-
criptional activity (i.e., its potency), the
roduction rate, metabolic clearance rate,
hich includes various metabolic conversions

nd excretion, and the quantitative amount that
s available to the target tissues. The metabolic
learance rate and amount of androgen that is
ioavailable in the blood to be transported into
ells is dependent to a great extent on the
egree of binding to the low capacity and high
ffinity �-globulin, sex hormone-binding glob-
lin (SHBG), and the high capacity but low
ffinity albumin (16–21). The quantity of an-
rogen in the blood that is not bound to serum
roteins or weakly bound to albumin is consid-
red to be bioavailable. Table 1 summarizes the
elative potency, serum concentrations, and
rotein binding of the major androgens or pre-
ursors that are present in blood (16–21).

Taking into account the potency, concentra-

ion, and clinical correlations with hyper- and
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ypoandrogenic states in women, T is a reasonable measure
f the androgen status of women. The total T level is mark-
dly influenced by the SHBG concentration. Sex hormone-
inding globulin levels are decreased in obesity, hyperinsu-
inism, glucocorticoid or growth hormone excess,
ypothyroidism, and hyperandrogenic states (17, 22). The
evels are increased with oral estrogen therapy, hyperthy-
oidism, cirrhosis, and some antiepileptic medications (17,
2). Therefore, the free or bioavailable T level more accu-
ately reflects androgen status than does the total T concen-
ration. Free T is best measured by equilibrium dialysis and
ot by the various direct or analogue assays on the market
22, 23). The Free T Index (also called the Free Androgen
ndex) closely correlates with the free T measurement, and
an be calculated from measurements of total T and SHBG
24).

Androgens are directly secreted into the circulation by the
varies and adrenals (25). In addition, various peripheral
issues, such as adipose tissue, muscle, and fat, convert

T A B L E 1

elative potency; mean serum concentrations, and protein
omen.

ndrogen Premenopausal
serum concentrations

(ng/dL)

Postmenopausal
serum concentrations

(ng/dL)

HT 20 11
32 22

140 77
HEA 415 186
HEAS 188,500 106,000

ote: DHT � dihydrotestosterone; A � androstenedione; DHEA � dehyd
dapted from 16–21.

ameron. Androgen replacement therapy in women. Fertil Steril 2004.

T A B L E 2

elative contributions of ovarian, adrenal, or peripheral tis
ostmenopausal women.

Ovarian production (%) A

Premenopause Postmenopause Premenop

HT Very small None Smal

25% 150% 25%
40% 220% 50%

HEA 10% 10% 50%
HEAS 0% 0% 90%

ote: D � DHEA; DS � DHEAS; other abbreviations as in Table 1.
dapted from 17, 26–29.
hanges from the premenopausal to postmenopausal status are highlighted
ameron. Androgen replacement therapy in women. Fertil Steril 2004.

74 Cameron and Braunstein Androgen replacement therapy i
ndrogens and androgen precursors from the ovaries and
drenals into androgens that then enter the circulation as part
f the androgen pool. The relative contributions of these
ources to androgen production in pre- and postmenopausal
omen are summarized in Table 2 (17, 26–29).

The circulating concentrations of the androgens may not
eflect androgen action at a specific target tissue. For in-
tance, the expression of the levels of 5�-reductase, the
nzyme that catalyzes the conversion of T to dihydrotestos-
erone (DHT), varies in different target organs and at differ-
nt sites. Indeed, the term ‘intracrinology’ has been used to
escribe hormone production, metabolism, and effect occur-
ing in the same local target tissue (30). This process allows
ndrogens to be biologically available for physiologic ef-
ects, but unavailable for direct biologic measurement in
erum. An indirect measurement of androgen status of pe-
ipheral tissues may be assessed by biological assay of DHT
etabolites: androsterone-glucoronide (ADT-G), andro-

ding of major androgens or androgen precursors in

Relative
potency

%
Unbound

% Bound
to albumin

% Bound
to SHBG

5 0.5 21 78
1 1.4 30.4 66
0.1 7.5 84.5 6.6
0.01 3.9 88.1 7.9
0.001 5.0 95.0 —

androsterone; DHEAS � dehydroepiandrosterone sulfate.

in androgen production in premenopausal and

l production (%) Peripheral production (%)

Postmenopause Premenopause Postmenopause

Small Almost entirely
from T

Almost entirely
from T

210% 50% from A 240% from A
170% 10% from D 10% from D

50% 40% from DS 40% from DS
90% 10% from D 10% from D

arrows.
bin

roepi
sues

drena

ause

l

with
n women Vol. 82, No. 2, August 2004
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tane-3�, 17�-diol-glucoronide (3�-diol-G), androstane-3�,
7�-diol-glucoronide (3�-diol-G), and ADT-sulfate (31).

Androgen production and serum levels decrease with age.
oth T and androstenedione (A) levels decrease before
enopause. One study in a small number of women noted

hat the mean serum T concentration at age 21 years was
pproximately twice that at age 40 years (32), whereas an
pproximate 25% decrease was noted between ages 42 and
0 years in the Study of Women’s Health Across the Nation
SWAN) (33).

There is conflicting data, however, as to whether T levels
ecrease further during the menopause transition. Some
tudies suggest that an approximately 15% decline occurs
16, 34–36). In contrast, the large longitudinal Melbourne

omen’s Midlife Health Project, which studied women
hrough the menopausal transition, did not demonstrate a
ecline in total serum T; indeed, a decrease in SHBG levels
esulted in an increase in the calculated free androgen index
37). Similarly, the SWAN study did not find a reduction in

concentrations during the menopausal transition (33).

There is no controversy surrounding the observations that
roduction of the major androgen precursor from the adre-
als, DHEA, and its sulfate peak during the third decade and
hen sharply decline between ages 30 and 60 years (37–41).
etween the ages of 20 and 80 years, serum DHT levels

teadily decrease an average of 44% in association with a
ecrease between 48% and 72% of various conjugated me-
abolites (38). Thus, the relatively low androgen levels found
n women after the menopause in comparison to women in
heir 20s and 30s reflects an age-related decrease, rather than
specific menopausal effect.

ANDROGENS AND SEXUALITY
The individual and combined effect of estrogens and

ndrogens on female sexual function is controversial. Estro-
ens clearly decrease the vasomotor symptoms that can lead
o sleep disturbances, which can affect mood, energy, and
uality of life. Estrogens also improve vaginal mucus pro-
uction, thereby reducing dyspareunia and the avoidance of
exual intercourse because of pain. These estrogen-mediated
mprovements may improve sexual receptivity, but they do
ot improve libido (42). The role of androgens has been
ifficult to discern. Libido, arousability, and frequency of
exual activity have been correlated with the mid-menstrual
ycle increase in T (43–47). Women with high normal T
evels across the menstrual cycle are less depressed and
xperience more sexual gratification than do women with
ow normal T concentrations (44).

In addition, several cross-sectional studies performed on
omen at various ages across the adult lifespan have shown
ositive correlations with T and sexual desire, arousal, ini-
iation, responsiveness to sexual activity, and frequency of

exual gratification and intercourse (44, 48–50). A longitu- p

ERTILITY & STERILITY�
inal study (50), which followed women from approximately
years before until 2 years after the final menses, demon-

trated a decline in coital frequency and sexual thoughts or
antasies, an increase in dyspareunia, and an increased dis-
atisfaction with their partners as lovers. In this study, E2 and
levels both showed significant (P�.002) declines, whereas
demonstrated closer correlation with coital frequency.

In contrast, several studies (51–58) have not found a
orrelation of androgen levels to sexual function. The vari-
bles that are most problematic in attempts to correlate
ndrogen levels to sexual function include insufficiently
ensitive androgen assays, insufficient study power, and the
ack of validated measures to assess sexual function (59).
ven in the studies showing a positive association between
ndrogens and parameters of sexual function, the correla-
ions generally have not been very robust, indicating that in
ddition to androgens other factors such as relationship is-
ues, attitudes, and general health as well as medication use
y the patient and partner contribute to sexual function.

ANDROGEN INSUFFICIENCY
SYNDROME

Androgen insufficiency has been well documented in four
onditions: hypopituitarism, adrenalectomy/adrenal insuffi-
iency, oophorectomy/premature ovarian failure, and after
nstitution of oral estrogen replacement therapy (ERT) (10,
2, 19, 60–65). In a study of 55 estrogenized and nonestro-
enized women with hypopituitarism (66), characterized by
ypogonadism or hypoadrenalism, and 92 controls, serum
otal T, free T, A, and DHEAS were significantly decreased
n the women with hypopituitarism as compared to the
ontrol group. The investigators reported that the severity of
ndrogen insufficiency in these women was probably under-
stimated due to the limitations of androgen assays.

In an early study (10), an abrupt loss of libido was
bserved in women after adrenalectomy with concomitant or
rior oophorectomy as treatment for breast cancer. In this
tudy, 17 of 29 women with a mean age of 51 years reported
ome sexual desire before surgery. Of the 17 women who
ere sexually active before surgery, all reported reduced

requency of intercourse, with almost half reporting cessa-
ion of sexual intercourse (P�.05) and 14 reported a de-
rease in desire of which 10 reported a total loss of desire (P

.01). Of the 12 women who were responsive in intercourse
efore surgery, 11 women experienced a decrease of which
reported a total loss of responsiveness (P � .01) after

urgery. More recent studies have confirmed that women
ith adrenal insufficiency have reduced concentrations of a
ariety of serum androgens (10, 60, 61, 66, 67). Similarly,
hronic administration of glucocorticoids may decrease an-
rogen levels through suppression of DHEA production by
he adrenals (68).

Longitudinal hormone measurements after bilateral oo-

horectomy have shown an approximate 50% reduction in T
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evels and a 40%–50% reduction in A levels (62, 63, 69).
he cross-sectional Rancho Bernardo study found that el-
erly postmenopausal women without ovaries had total and
ioavailable T levels that were 40% lower and A levels that
ere 10% lower compared to postmenopausal women with

ntact ovaries (70).

There is general agreement that ERT, especially by the
ral route, may result in elevations of SHBG, which binds
uch of the circulating T, thereby reducing the free or

iologically active fraction (19, 71). In women who are
rone to exhibit low androgen levels because of oophorec-
omy, adrenal insufficiency, or hypopituitarism, estrogen ad-
inistration may precipitate symptomatic androgen insuffi-

iency.

The symptom complex, which constitutes the androgen
nsufficiency syndrome, has been empirically derived from
bservations of patients who developed symptoms after an
vent, such as oophorectomy, that can precipitate a decrease
n T (Table 3) (72). The frequently described symptoms are
atigue, low energy, decreased or absent sexual motivation,
nd desire, as well as a generalized decrease in the sense of
ell-being (3). These symptoms, which are consistent with

he diagnosis of HSDD, often result in considerable personal
istress in some women (1–3). Signs of androgen insuffi-
iency, such as thinning or sparsity of pubic hair and de-
reased muscle mass may be seen (3, 73). Reduction of bone
ineral density may be present on bone densitometry testing

74).

In women who have hypopituitarism, hypoadrenalism, or
ho have undergone oophorectomy and present with symp-

oms of androgen insufficiency, free T levels and the free T

T A B L E 3

omponents of female androgen insufficiency syndrome.

ymptoms
Low libido with global decrease in sexual desire, fantasy, or

arousability
Persistent, unexplained fatigue
Decreased sense of well-being
Blunted motivation
Flattened mood

igns
Thinning or loss of public hair
Decreased lean body mass
Osteopenia or osteoporosis

ther indications
Onset after an event associated with decreased androgen production
Other causes of symptoms have been evaluated and ruled out
Symptoms persist despite having normal estrogen production if

premenopausal or being on adequate estrogen replacement if
hypogonadal

ote: From 72.

ameron. Androgen replacement therapy in women. Fertil Steril 2004.
ndex are low. According to a recent consensus conference, l

76 Cameron and Braunstein Androgen replacement therapy i
t is reasonable to consider a menopausal woman to have
ndrogen insufficiency if she exhibits typical symptoms and
as a free T or free T index level in the lowest quartile of the
ormal range or below the normal range for reproductive age
omen (3).

In evaluating a woman suspected of having androgen
nsufficiency, it is important to eliminate other causes of the
ymptoms such as depression, iron deficiency, hypothyroid-
sm, anemia, and medication use (especially glucocorticoids
nd selective serotonin reuptake inhibitors) from consider-
tion (3). It is important to make sure that the woman is
dequately estrogenized to eliminate dyspareunia with sec-
ndary avoidance of sexual activity. However, as noted,
RT can precipitate symptoms of androgen insufficiency by

ncreasing the production and serum concentrations of
HBG, thereby reducing the concentration of free and bio-
vailable androgens. This is most commonly found with oral
strogen therapy, which directly stimulates the liver through
first pass effect. Therefore, before attempting androgen

eplacement therapy, the woman should be switched to a
ransdermal estrogen preparation, which results in lower
HBG concentrations (71). If these conditions are met, then
therapeutic trial of androgen replacement should be con-

idered.

EFFECTS OF ANDROGEN
REPLACEMENT

estosterone Trials
Many, but not all, studies have demonstrated that exog-

nous androgen administration improves various sexual
unction parameters (coital frequency, desire and libido,
rousal, pleasure, orgasm, thoughts or fantasy), and mood or
he sense of well-being, as well as bone health, body com-
osition, and muscle mass in women with symptomatic
ndrogen insufficiency. There are a myriad of variables that
ake direct comparison between studies difficult. These

nclude differences in study design (e.g., type of blinding,
lacebo, or estrogen control), duration of exposure to the
ndrogen, whether the androgen level attained was physio-
ogic or supraphysiologic, type of menopause (natural or
urgical), selection criteria for inclusion of patients (no sex-
al dysfunction, low libido, mixture of menopausal symp-
oms), type of instrument for assessing sexual function and
hether it has been psychometrically validated, type of

exual activity measured (with partner, self stimulation, in-
ercourse only, or total sexual activity), and number of sub-
ects in the study. These considerations are especially im-
ortant as there may be a substantial placebo effect in these
ypes of studies (12).

Nevertheless, as summarized in Table 4 and discussed in
etail in the following paragraphs, the randomized, double
lind, placebo, or estrogen-controlled trials in women with

ow libido after menopause that used well-validated tools to

n women Vol. 82, No. 2, August 2004



T A B L E 4

Testosterone replacement clinical trials in women that measured sexual function and other psychological parameters.

Trial Therapy N/avg. age

Sexual function
parameter

improvement

Other psychological
parameter

improvement

Population/
prestudy sexual

dysfunction
Rx

duration
Study
design

Dose effect on T
(reproductive age

range)
Sexual

function tool

Randomized, double-blind, placebo-controlled trials
Greenblatt et al.

(9)
Oral 102c/44 yr 1Libidob,d 1Well-beingb,d �72 NMP 1 mo Cross-over unk Interview
E, T, or E � T [5 mg MT q d] �30 SMP/

“menopausal
symptoms”

Sherwin et al.
(75,76)

IM
E, T, or E � T [150 mg TE �
E, or, 200 mg TE q mo]

43/46 yr 1Desirea

1Fantasya

1Arousala

1Energya

1Well-beinga

2Psychological
symptomsa

SMP only/unk 3 mo Cross-over Initially
supraphysiologic

DMRS

Myers et al.
(77)

Oral
E, E, � MPA, or E � MT

[5 mg MT q d]

40/�58 yr 1Pleasure from
masturbationa

No improvement 37 NMP
3 SMP/no

2 mo Parallel Initially
supraphysiologic

Daily logs

Shifren et al.
(12)

E � Transdermal T
[150 �g q d; 300 �g q d]

65/47 yr Effect of 300 �g
dose
1Frequencya

1Pleasure–orgasma

Effect of 300 �g
dose:
1Well-beinga

1Mooda

SMP only/yes 3 mo Cross-over Physiologic free T,
supraphysiologic
total T

BISF-W

Braunstein et al.
(15)

E � Transdermal T [150 �g q
d; 300 �g q d; 450 �g q d]

447/49–50 yr 1Desirea

1Satisfying activitya
NR SMP only/yes 6 mo Parallel Physiologic free T

(for 300 �g
group)

SAL, PFSF

Goldstat et al.
(14)

T 1% cream [10 mg q d] 31/40 yr 1Interesta

1Activitya

1Satisfactiona

1Pleasurea

1Positive well-beinga

2Anxietya

1Self-confidencea

1Vitality

Pre-MP/yes 3 mo Cross-over Physiologic total-T,
supraphysiologic
FAI

SSSRS

1Fantasya

1Orgasma

Randomized, double-blind, estrogen only comparison trials
Sarrel et al.

(42)
Oral
E or E � T [2.5 mg MT q d]

20/52 yr 1Frequency (at 4
wks)b

1Sensationb

1Desireb

Not tested 12 NMP
8 SMP/dissatisfied
with E alone Rx

2 mo Placebo
lead-in

NR SALS

Lobo et al. (13) Oral
E or E � T [1.25 mg MT q d]

218/53 yr 1Interest or desirea

1Responsivenessa
Not tested 150 NMP

68 SMP/yes
4 mo parallel Supraphysiologic SIQ, BISF-W

Randomized, single-blind, estrogen only comparison trials
Dow and Hart

(80)
SC
E or E � T [100 mg]

40/47 yr 1Orgasm at 2
monthsb (low
dyspareunia
patients only)

1“Psychological
factor” at 4 monthsb

(low dyspareunia
patients only)

6 NMP
34 SMP/yes

4 mo Parallel unk 7 pt. scale
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T A B L E 4 Continued

Trial Therapy N/avg. age

Sexual function
parameter

improvement

Other psychological
parameter

improvement

Population
prestudy sexual

dysfunction
Rx

duration Study design

Dose effect on T
(reproductive age

range)
Sexual

function tool

Burger et al.
(78)

SC
E or E � T [50 mg]

20/43 yr
(E � T)

1Libidob

1Enjoymentb
Not tested 14 NMP

6 SMP/yes
6 wk Parallel Supraphysiologic AS

Davis et al. (79) SC
E or E � T [50 mg q 3 mo]

32/57 yr
(E � T)

1Activitya

1Satisfactiona
Not tested 30 NMP

2 SMP/no
2 yr Parallel Supraphysiologic SSSRS

1Orgasma

1Pleasurea

1Relevancya

Other trials
Kupperman et

al. (11)
Oral, IM, SC
E � T

[5 mg MT q d;
10 mg MT q d;
100 mg T cyclopentyl-

propionate q 2 wks;
E � 150 mg T SC]

114
54
28

unk

1Libidob 1Physical vigorb

1“Joie de vivre”b

2Anxietyb

2Nervousnessb

1Well-beingb

MP unk Not randomized,
controlled, or
blinded

unk Self-report

Burger et al.
(81)

SC
E or E � T [100 mg]

17/42 yr 1Libidob

1Enjoymentb

1Climaxb

2Tirednessb

1Concentrationb
6 NMP
11 SMP/yes

6 mo Pilot study Supraphysiologic AS

1Initiationb

Sherwin et al.
(83)

IM
E or E � TE [150 mg q mo]

44/47 yr
(E � T)

1Desirea

1Arousala

1Fantasiesa

1Frequencya,e

1Orgasma,e

1Mooda

1Elationa

1Composurea

1Energya

2Depressionb

2Tirednessb

2Anxietyb

SMP only/unk 2 yr 2 yr follow-up Supraphysiologic DMRS, MAS

Note: E � estrogen; T � testosterone; MT � methyltestosterone; 1 � increased/improved; 2 � decreased/improved; NMP � naturally menopausal; SMP � surgically menopausal; unk � unknown;
TE � T enanthate; DMRS � Daily Menopausal Rating Scale; MPA � medroxyprogesterone acetate; BISF-W � Brief Index of Sexual Functioning for Women; NR � not reported; SAL � Sexual Activity
Log; PFSF � Profile for Female Sexual Function; Pre-MP � premenopausal; FAI � free androgen index; SSSRS � Sabbatsberg Sexual Self-Rating Scale; SALS � Sexual Activity and Libido Scale; SIQ
� Sexual Interest Questionnaire; AS � analog scale; MP � menopausal; NA � not applicable; MAS � marital adjustment scale.
a Significant change between groups.
b Significant change from baseline within group; or, self-report (11) of increase or improvement.
c Only 22 participants crossed-over to all four treatment groups; 7 were surgically menopausal.
d Data not provided in statistical terms; 67% preferred E � T compared to E alone due to increased sense of well-being and libido. 23.5% of E � T users reported an increase in libido; 42% of T alone
users reported an increased libido.
e Between-group significance during first 2 weeks after injection only.

Cameron. Androgen replacement therapy in women. Fertil Steril 2004.
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easure sexual function have generally shown increased
ibido, satisfaction, and sexual activity with T therapy in
omparison to the response seen with placebo or estrogen
lone.

In 1950, Greenblatt et al. (9) reported results of a ran-
omized, double-blind, placebo-controlled clinical trial of
ral 0.25 mg diethylstilbestrol (DES) daily alone, 5 mg
ethyltestosterone (MT) daily alone, combined DES and
T, and placebo in 102 women with postmenopausal symp-

oms after natural or surgical menopause. Each treatment
as administered for 1 month in a cross-over fashion, and

he effect of therapy was determined by vaginal smears and
onthly interviews with regard to changes in bleeding,

reast turgidity, pelvic congestion, acne, libido, hot flashes,
nsomnia, lubrication, and nervousness. The average age of
articipants was 44 years (range, 23 to 63 years). The inves-
igators noted a carry-over effect of the prior treatment on the
aseline assessment of the subsequent treatment, as well as a
lacebo effect. Of the 102 study participants, only 22 re-
eived all four treatments. Complete relief of menopausal
ymptoms was experienced by 90% of the women in the
strogen alone and combined treatment groups, but 67% of
omen preferred the combined therapy due to an increase in

he sense of well-being. After 1 month of treatment, in-
reased libido was reported by 2% in the placebo group, 12%
n the estrogen alone group, 23% in the combined therapy
roup, and 42% in the MT alone group.

Sherwin and Gelfand (75) and Sherwin et al. (76) studied
group of 43 premenopausal women with benign gyneco-

ogical diseases and who subsequently underwent bilateral
ophorectomy with total abdominal hysterectomy. The
omen were randomized in an 8-month cross-over study
ndergoing IM injections at 28-day intervals of estrogen plus
ndrogen (n � 12; 150 mg of T enanthate, 7.5 mg of E2

ienanthate, and 1 mg of E2 benzoate), estrogen alone (n �
1; 10 mg of E2 valerate), androgen alone (n � 10; 200 mg
f T enanthate), or placebo (n � 10) given in a double-blind
ashion. Ten women who underwent hysterectomy without
ophorectomy served as a second control group. There were
our time periods—1 month of baseline monitoring, 3
onths of the first hormone treatment, 1 month of placebo

reatment, followed by a crossover to 3 months of the second
ormone treatment. Serum T levels were significantly in-
reased in the estrogen plus T or T alone treatment groups
ompared to the hysterectomy control group, estrogen alone
roup, and placebo group.

In the same studies, Sherwin and colleagues found a
ignificant (P�.01) correlation between the increased T lev-
ls of the estrogen plus T and T alone groups with improved
nergy level and well-being compared to the estrogen alone
nd placebo groups. This study measured sexual function on
daily basis with a questionnaire using a rating scale that

ncluded the domains of sexual desire, sexual arousal, sexual

houghts or fantasies, frequency of sexual encounters with d

ERTILITY & STERILITY�
he partner, and orgasm. Significant increases were demon-
trated in sexual desire (P�.01), sexual fantasy (P�.01), and
exual arousal (P�.01) in the two T treatment groups as
ompared to the estrogen alone and placebo groups. Impor-
antly, the investigators noted that sexual function of both the
ndrogen groups did not differ from the ovary-sparing, hys-
erectomy-only control group. The investigators suggested
hat the lack of response with regard to coital frequency and
rgasm may be due to partner variability or that androgens in
omen affect sexual motivation but not frequency and or-
asm.

Myers et al. (77) did not find an improvement in sexual
unction with androgen therapy in a randomized, double-
lind, placebo-controlled study of 40 predominantly natu-
ally menopausal women (surgical menopause n � 3, natural
enopause n � 37). The participants had not taken any

ormones 3 months before receiving study treatment with
ither 0.625 mg of conjugated equine estrogens (CEE), 0.625
g of CEE plus 5 mg of medroxyprogesterone acetate

MPA), 0.625 mg of CEE plus 5 mg of MT, or placebo for
weeks in parallel groups. There was a significant difference
f total T levels in the combined estrogen and androgen
roup, but initially supraphysiologic levels decreased after
everal weeks of treatment to levels similar to the placebo
roup for the remainder of the 8-week treatment period.

Myers and colleagues used daily logs for quantitative
ssessment of menopausal symptoms, mood state, sexual
esire, sexual thoughts, and sexual activity. A seven-point Lik-
rt scale was used to assess mood states including anxiety,
epression, energy level, irritability, and euphoria. Vaginal
hotoplethysmography provided assessment of physiologic
exual arousal. Perceived arousal to films and self-fantasy
as assessed with a 10-point Likert scale. The investigators

ound no significant difference between groups for mood or
exual behavior. A significant improvement was found for
leasure from masturbation, but only a trend toward signif-
cance was found for frequency of masturbation and mean
umber of orgasms from masturbation.

Shifren et al. (12) studied the effect of a transdermal T
atch in 65 oophorectomized women who were on a stable
ose of estrogen therapy of at least 0.625 mg of CEE daily
or at least 2 months before study entry. In this double-blind,
ross-over study, the women were randomized to three treat-
ent groups for 12 weeks each of CEE plus 150 �g per day

f T, CEE plus 300 �g of T, and CEE plus placebo. Serum
otal T levels were above the normal range, but the free and
ioavailable T concentrations were within the normal range
or young women, reflecting the fact that the majority of
omen receiving oral CEE had markedly elevated levels of
HBG.

Shifren and associates measured sexual function at base-
ine and at the end of each 12-week treatment period, which
ncluded testing in the domains of sexual thoughts and

esires, arousal, frequency of sexual activity, receptivity and
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nitiation, pleasure and orgasm, relationship satisfaction, and
roblems affecting sexual function. The investigators re-
orted that the CEE plus 300 �g of T group demonstrated
ncreased frequency of sexual activity (P � .03) and plea-
ure–orgasm (P � .03). A dose-dependent effect was dem-
nstrated as there was an increased percentage of women
ith increased frequency of sexual fantasies, masturbation,

nd sexual intercourse in the CEE plus 300-�g of T group as
ompared to the 150-�g of T group. The sense of well-being
P � .04) and mood (P � .03) improved significantly in the
00-�g of T group in comparison to the placebo group.
here was a strong placebo response that was greater in the
ounger women. Women under the median study age of 48
ears showed an increased composite score on the Brief
ndex of Sexual Function for Women during placebo treat-
ent and no further improvement during T treatment.

A recent trial conducted by Goldstat and colleagues (14),
hich investigated the use of T cream in premenopausal
omen, mean age of approximately 40 years, with low

ibido, demonstrated not only an improvement in sexual
unction, but also mood and well-being. Thirty-one women
rovided complete data using 10 mg of 1% T cream applied
aily to the thigh. The study participants were randomized in
double-blind fashion to treatment or placebo for 12 weeks

hen crossed-over, after a 4-week wash-out time period, for
nother 12 weeks of treatment or placebo. The mean baseline
erum T levels was near the lowest quartile of the normal
ange for reproductive age women. Serum total T levels
ncreased with T treatment to the upper limit of the normal
ange, whereas the Free Androgen Index (total T/SHBG �
00) increased above the upper limit of normal. Of note,
here was no change in serum E2 levels.

Goldstat et al. found a significant improvement from
aseline with T treatment as compared to placebo in the
omposite score (P � .001) on the Sabbatsberg Sexual
elf-Rating Scale as well as significant improvement of

ndividual sexual function domains of sexual interest (P �
001), sexual activity (P � .006), satisfaction of sexual life
P � .004), sexual pleasure (P � .004), sexual fantasy
P�.001), and orgasm (P � .005). That is, all sexual func-
ion domains on the Sabbatsberg Sexual Self-Rating Scale
ere significantly improved from baseline with T cream

ompared to placebo, except for the domain described as
importance of sex” (P � .108). In addition, T treatment
emonstrated a significant improvement in the composite
core on the Psychological General Well-Being Index (P �
004), which measures anxiety (P � .009), depressed mood
P � .053), positive well-being (P � .009), self confidence
P � .024), general health (P � .014), and vitality (P �
010). There was a beneficial decrease in the composite score
n the Beck Depression Inventory, which did not reach
ignificance (P � .062). Interestingly, this study did not
emonstrate a placebo effect as did the trial conducted by

hifren and colleagues (12) involving surgically menopausal d

80 Cameron and Braunstein Androgen replacement therapy i
omen. Hirsutism scores using the Ferriman-Gallway Scale
id not change and none of the participants developed acne.

More recently, Braunstein et al. (15) reported in abstract
orm the results of a phase IIb, 6-month double-blind, pla-
ebo-controlled trial using varying doses of transdermal T
elivered by a matrix delivery system patch in parallel
roups of randomized surgically menopausal women (n �
47) receiving estrogen therapy with complaints of lowered
ibido after their oophorectomy. A 300-�g daily transdermal
ose was found to be optimal in this trial, which tested daily
oses of 150 �g (n � 107), 300 �g (n � 110), and 450 �g
n � 111). Again, transdermal T demonstrated significant
mprovement in sexual desire with minimal side effects.
here was a 30% increase (P�.05) in total satisfying sexual
ctivity after 6 months of treatment with 300 �g of trans-
ermal T compared to placebo and an 81% increase (P�.05)
rom baseline using a weekly Sexual Activity Log. The
exual desire score was also significantly increased 18%
P�.05) with T as measured by the Profile of Female Sexual
unction. There was no difference in reports of adverse
ffects between the placebo and T groups.

There are several controlled trials evaluating estrogen
lone vs. estrogen plus T that support the benefits of andro-
en replacement. Sarrel et al. (42) studied a group of 20
aturally (n � 12) and surgically (n � 8) menopausal
omen, who were dissatisfied with their conventional hor-
one therapy, and were randomized to daily administration

f oral estrogen, 1.25 mg of oral esterified estrogen (EE),
lone (n � 11), or estrogen plus androgen, 1.25 mg of oral
E plus 2.5 mg of MT (n � 9) in a double-blind fashion.
his study incorporated a 2-week, single-blind, placebo

ead-in time period before an 8-week double-blind treatment
ime period. Sexual function was assessed weekly with the
exual Activity and Libido Scale, which included items on
aginal moisture, level of sexual desire, frequency of sexual
ntercourse, pain with intercourse, clitoral sensation, clitoral
ensitivity, orgasm, sexual fantasy, and sexual response.

Sarrel and colleagues found that the EE plus MT group
howed a significant improvement in the combined rating for
exual sensation and desire (P�.01 compared to previous
strogen therapy and previous hormone therapy; P�.01
ompared to placebo) after 4 and 8 weeks of treatment.
requency of sexual intercourse increased significantly after
weeks of the combined EE plus MT therapy compared to

lacebo, but was not significant at other assessment time
eriods. Serum levels of E2 and estrone (E1) increased in all
roups in comparison to post-placebo levels. As expected,
HBG levels increased in the estrogen alone group and
ecreased in the estrogen plus androgen group. Although
ndrogens were not measured in this study, the investigators
oncluded that the administration of estrogen plus androgen
ignificantly improved sexual sensation and desire either as
direct result of the androgen or as an indirect result of
ecrease in SHBG levels, which increased the bioavailability

n women Vol. 82, No. 2, August 2004
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f T. Of interest, 13 study participants elected to continue
ith estrogen (0.625 mg EE daily) plus androgen (1.25 mg.
T daily) therapy after the trial was completed.

Lobo et al. (13) performed a randomized, double-blind
tudy with 218 postmenopausal women using a combined
ral estrogen–androgen preparation (0.625 mg EE plus 1.25
g MT; n � 107) and estrogen alone (0.625 mg EE; n �

11) during 4 months. Sexual function measurement was
erformed at 1, 2, 3, and 4 months of treatment, and both
roups demonstrated increases in sexual interest after 1
onth of treatment, with the increase in sexual interest or

esire being greater for the combined therapy group. Com-
ined therapy also effected greater sexual responsiveness (P

.002). There was no difference as to response related to
ge, race, or type of menopause. This study correlated the
ncreases in sexual function parameters to significant in-
reases (P�.01) in mean serum concentration of bioavail-
ble T in association with significant decreases (P�.01) in
HBG levels in the combined treatment group compared to

he control group. In the group of women with baseline
HBG in the normal range, there was a highly significant
orrelation between the change in bioavailable T to change
n interest, responsiveness, and total Sexual Interest Ques-
ionnaire (SIQ) score.

Burger et al. (78) studied the effect of implanted pellets
ontaining estrogen alone (40 mg of E2) or estrogen (40 mg
f E2) plus androgen (50 mg of T) on 20 postmenopausal
omen with “severe” loss of libido unresolved by conven-

ional hormone therapy in a randomized, single-blind fash-
on. Supraphysiologic levels of T were noted in this study.
fter 6 weeks, the combined therapy group demonstrated

mprovement in libido (P�.01) and sexual enjoyment,
hereas the estrogen alone treatment group did not demon-

trate an increase in libido or sexual enjoyment.

Also using implanted pellets, Davis et al. (79) performed
randomized, single-blind study involving 32 postmeno-

ausal women. Unique to this study was the exclusion of
omen with low libido. The women received implants of

ither 50 mg of T combined with 50 mg of E2 or 50 mg of

2 alone every 3 months during 2 years. Supraphysiologic
evels of T were also attained in this study. Sexual function
ncluding the domains of libido, activity, satisfaction, plea-
ure, fantasy, orgasm, and relevancy, were measured at base-
ine and at each 6-month period throughout the 2-year study.
he results of this prospective study revealed that the women
ho received the combined therapy (E2 plus T) had a sig-
ificantly greater improvement in sexual activity (P�.03),
atisfaction (P�.03), orgasm (P�.035), relevancy (P�.05),
nd pleasure (P�.01) compared to the estrogen alone group.
his study also measured bone mineral density (BMD) and
ody composition. The estrogen plus T treatment group
howed a significantly greater improvement in total body,

ertebral (L1–L4), and trochanter BMD. m

ERTILITY & STERILITY�
In contrast to the generally positive results found in these
tudies, Dow and Hart (80) reported a lack of a difference in
estoration of sexual function in postmenopausal women (n

40 [natural menopause n �6; surgical menopause n �
4]) with a decline in sexual interest given 100 mg of T and
0 mg of E2 implants as compared to E2 implants alone.
articipants self-rated using a seven-point scale for fre-
uency of sexual interest, general satisfaction with the sexual
elationship, general satisfaction with the marital relation-
hip, frequency of orgasm, ease of responding to sexual
timulation, and frequency of dyspareunia before treatment
nd at 2 and 6 months after treatment in this randomized,
ingle-blind trial. Although there was a significant improve-
ent in all sexual function domains in each group compared

o baseline, there was no significant difference found be-
ween groups. Therefore, the investigators stratified the two
roups with regard to baseline measurement of dyspareunia.

significant increase in orgasm was noted only in the
ombined pellet group at 2 months in the patients with low
yspareunia.

Several other studies bear noting, although they are of
ower scientific quality than those summarized previously,
ecause they are neither randomized, blinded, nor ade-
uately controlled.

In 1959, Kupperman and colleagues (11) gave 5 or 10 mg
f oral MT or 100 mg of T cyclopentylpropionate intramus-
ularly along with estrogen to postmenopausal women and
eported improvement in libido, “physical vigor,” and “joie
e vivre,” as well as decreased anxiety and decreased ner-
ousness. Also, these early investigators reported improved
ibido and well-being using implanted E2 and T.

Burger et al. (81) conducted a pilot study with 17 post-
enopausal women who were complaining of low libido,
hich was unresponsive to estrogen alone, using implanted
ellets containing 40 mg of E2 and 100 mg of T. This study
id not include estrogen alone or placebo control groups.
articipants were assessed monthly with an analogue scale
or libido and enjoyment of sex, and initiation of sexual
ctivity and frequency of orgasm was assessed by interview
nd diary. Serum total and free T levels peaked after 1 month
f treatment and remained at supraphysiologic levels at 6
onths. Significant improvement in libido (P�.01) and en-

oyment of sex (P�.01) was demonstrated compared to
aseline assessments. The improvement in libido and enjoy-
ent was cumulative and peaked after 3 months of therapy

n � 14). Improvement was maintained up to 6 months.
iredness, ability to concentrate, change in hot flashes,
weats, and depression were assessed, but only tiredness
P�.01) and concentration (P�.05) showed significant im-
rovements from baseline.

Sherwin (82) and Sherwin and Gelfand (83) studied 44
omen, who had undergone oophorectomy 2 years earlier,
sing monthly IM injections of estrogen and androgen (150

g of T enanthate, 7.5 mg of E2 dienanthate, and 1 mg of E2
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enzoate) or estrogen alone (10 mg of E2 valerate). A pla-
ebo group was not a part of the study design; however, a
hird group of women in this study who had been untreated
ince the time of surgery was used for control purposes.
upraphysiologic levels of T were achieved and maintained
or 84 days in this study. Sexual function was measured daily
y a rating scale in the domains of desire, number of fanta-
ies, level of arousal during intercourse, orgasm, and fre-
uency of intercourse. The estrogen plus androgen group
howed significant improvement in comparison to the estro-
en alone and control groups in the first 3 weeks (of 4 weeks)
f therapy in the domains of sexual desire (P�.01), number
f sexual fantasies (P�.01), and sexual arousal (P�.01). In
he first 2 weeks of therapy, frequency of intercourse and
rgasm was significantly better (P�.01) in the cotherapy
roup as compared to the monotherapy and untreated groups.
owever, by week 3 the frequency of intercourse and or-
asm of the cotherapy group exceeded only the control
roup.

These studies examined the effects of T treatment in
enopausal or premenopausal women, whereas Tuiten et al.

84) studied eight women with hypothalamic amenorrhea
nd eight healthy menstruating women. The first phase of
heir investigation established that amenorrheic women had
ignificantly decreased frequency of sexual thoughts, fre-
uency of sexual desire, frequency of sexual activity, and
ow serum T levels. In the second phase of the study, these
ight amenorrheic women were treated with 40 mg of T
ndecanoate for 8 weeks followed by a 28-day wash-out
eriod and then a cross-over to placebo treatment for 8
eeks. Supraphysiologic serum levels of T were achieved.
nly genital vasocongestion showed a significant difference
etween groups, being increased on T, whereas there were
o significant mood or subjective sexual behavior effects
oted between T and placebo treatment.

HEA Trials
Because DHEA is converted into A and then T, several

tudies have examined the effects of DHEA administration
n sexual function in women (Table 5). Morales and co-
orkers (85) conducted a 6-month, randomized, placebo-

ontrolled, cross-over study using 50 mg of DHEA in 17
omen, aged 40 to 70 years. Within 2 weeks of treatment,

erum DHEA and DHEAS levels were within the normal
ange for reproductive age women and there was a twofold
ncrease in A, T, and DHT. Although 84% of the women
eported an improvement in well-being, there was no im-
rovement in libido. It should be noted that 15 of the 17
omen were menopausal and that only 7 were on conven-

ional hormone therapy. Thus, it is possible that dyspareunia
as present in some of the participants, which remained
naltered, as there were no changes in the serum levels of E1,

2, or SHBG with DHEA administration.

Barnhart et al. (86) conducted a study with 60 symptom-

tic perimenopausal women with an average age of 48 years. c

82 Cameron and Braunstein Androgen replacement therapy i
his randomized, double-blind, placebo-controlled, parallel
roup study used 50 mg of oral DHEA given daily for 3
onths. There was no improvement in sexual or psycholog-

cal domains over placebo. However, libido was assessed
ith only one question from the Hamilton Depression Rating
cale, which is insufficient to examine sexual function.

Baulieu and colleagues (87) conducted a trial with 50 mg
f daily, oral DHEA during 1 year in 140 women aged 60 to
9 years in a double-blind, randomized, placebo-controlled
ashion. Serum androgens reached supraphysiogic levels af-
er 6 months of therapy, but decreased to physiologic levels
fter 12 months of therapy. Estradiol levels increased sig-
ificantly (P�.001), but did not exceed early follicular phase
evels, after 6 months of treatment and were maintained
hrough 12 months of treatment. Sexual attitudes, libido,
ctivity (intercourse or masturbation), and satisfaction were
easured with a questionnaire at baseline, 6 months, and 12
onths.

Baulieu and associates found that there was a significant
mprovement in sexual parameters in the women more than
0 years of age, but not less than 70 years of age. In the
ormer, there was an increase in libidinal interest after 6
onths of therapy that reached significance after 12 months

f therapy. Of note, libido increased from baseline before the
ignificant increases demonstrated in intercourse or mastur-
ation (P�.03) and sexual satisfaction (quantitative and
ualitative) (P�.01) after 12 months of therapy. As well,
one turnover improved in women who were more than 70
ears old.

Because the adrenals are a significant source of androgens
n women, low serum androgen levels are found in patients
ith adrenal insufficiency. Arlt et al. (61) studied treatment
ith 50 mg of oral DHEA daily during 4 months in 24
omen with adrenal insufficiency of whom 14 had primary

drenal insufficiency (11 had autoimmune adrenalitis and 3
ad bilateral adrenalectomy) and 10 had secondary adrenal
nsufficiency (6 had pituitary surgery, 3 had Sheehan’s syn-
rome, and 1 had autoimmune hypophysitis). This study was
andomized, double-blind, and placebo-controlled. Partici-
ants were randomized to treatment or placebo for 4 months
ith an intervening month for wash-out purposes in a cross-
ver fashion. After 4 months, the DHEA treatment group
emonstrated significant increases in serum levels of DHEA,
HEAS, A, T, and DHT compared to the placebo group. Of
ote, SHBG concentrations significantly decreased after 4
onths of treatment compared to placebo. Serum concentra-

ions of E1 and E2 did not change significantly between
roups.

In addition to the finding of significantly increased serum
ndrogen levels between groups after 4 months of treatment,
rlt and colleagues noted an improvement in sexual function

increased frequency of sexual thoughts or fantasies, degree
f sexual interest, and sexual satisfaction) and mood that

orrelated to the change in androgen levels. The improve-

n women Vol. 82, No. 2, August 2004
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Oral DHEA replacement clinical trials in women that measured sexual function and other psychological parameters.

Trial Therapy
N/average age

(y)
Sexual function parameter

improvement
Other psychological

parameter improvement
Population/prestudy
sexual dysfunction Rx Duration

Study
design

Dose effect on T
(reproductive age

female range)
Sexual function

tool

Randomized, double-blind, placebo-controlled trials
Morales et al.c

(85)
50 mg q d 17/54 yr No improvement 1Well-being 2 Pre-MP, 15 MP; 7 no

HT/unknown
3 mo Cross-over Physiologic VAS

Arlt et al. (61) 50 mg q d 24/42 yr 1Frequency of thoughts/
fantasiesa

1Interesta

1Satisfactiona

1Mooda

2Exhaustiona

2Depressiona

2Anxietya

AI/unknown 4 mo Cross-over Physiologic VAS

2Hostilitya

2Obsessive–compulsive
traitsa

Barnhart et al.
(86)

50 mg q d 60/48 yr No improvement No improvement Peri-MP only/yes 3 mo Parallel Physiologic 1 question from
Ham-D

Baulieu et al.c

(87)
50 mg q d 140/60–79 yr � 70 yrs only: Not tested MP/unknown 1 yr Parallel Initially

supraphysiologic
Questionnaire

1libidob

1Intercourse–masturbationb

1Satisfactionb

Hunt et al.c (66) 50 mg q d 24/26–69 yr No improvement 1Self-esteema AI/unknown 3 mo Cross-over Physiologic GRISS
1Evening mooda

2Evening fatiguea

Johannsson et al.
(88)

30 mg if �45 yr,
20 mg if � 45
yr

38/51 yr
(DHEA group)

No improvement No improvement Hypopituitarism/
unknown

6 mo � 6 mo
open phase

Parallel Subnormal Self-report

Lovas et al. (67) 25 mg q d 39/46 yr
(DHEA group)

No improvement No improvement AI/unknown 9 mo Parallel Physiologic MSQ (AS)

Note:1 � increased/improved;2 � decreased/improved; Pre-MP � premenopausal; MP � menopausal; HRT � hormone replacement therapy; VAS � visual analog scale; AI � adrenal insufficiency;
AS � analogue scale; Peri-MP � peri-menopausal; Ham-D � Hamilton Depression Rating Scale; GRISS � Golombok Rust Inventory of Sexual Satisfaction; DHEA � dehydroepiandrosterone; MSQ �
McCoy’s sexuality questionnaire.
a Significant change between groups.
b Significant change from baseline within group.
c Data reflects only female participants in the study.

Cameron. Androgen replacement therapy in women. Fertil Steril 2004.
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ent in sexual satisfaction (mental satisfaction [P � .009];
hysical satisfaction [P � .02]) in the treatment group com-
ared to the placebo group did not occur until 4 months of
reatment, whereas the increases in the degree of sexual
nterest (P � .06) and frequency of sexual thoughts or
antasies (P � .07) was demonstrated after 1 month of
reatment. Timing of effects coincided with the evaluation
chedule as psychological assessments were performed after

and 4 months of treatment with both the placebo and
HEA treatments and 1 month after the completion of the

econd treatment in this cross-over trial. In addition, it
hould be noted that there was a significant carry-over effect
ith treatment in association with sexual interest effect (P �

05). The improvement in the sense of well-being occurred
fter 4 months of treatment. After 4 months, the DHEA
reatment group demonstrated a significant decrease in de-
ression (P � .05) and obsessive–compulsive traits (P �

03) compared to the placebo group. Anxiety (P � .01) and
ostility (P � .03) decreased significantly in the DHEA
reatment group compared to the absolute change from base-
ine in the placebo group. Mood (degree of unpleasantness,

� .008; degree of alertness, P � .03; and degree of
estlessness, P � .01) improved significantly in the DHEA
reatment group compared to the placebo group after 4
onths of treatment.

In contrast to these results, Hunt and co-workers (66)
ound no improvement in sexual function in 24 women, aged
6 to 69 years with adrenal insufficiency who received 50
g of oral DHEA daily for 12 weeks in comparison to the

esponse to 12 weeks of placebo in a randomized, double-
lind study. This cross-over study used a 1-month wash-out
eriod between drug and placebo treatment periods. There
as a significant increase in serum total T (P � .003) and a

ignificant decrease in serum SHBG (P�.001) levels in the
reatment group as compared to the placebo group. There
ere no differences in sexual interest or arousal, frequency
f intercourse, or lubrication between the DHEA and pla-
ebo groups, but there was a significant improvement in
elf-esteem, evening mood, and a decrease in evening fa-
igue in the DHEA treatment group.

Similar negative results were found by Lovas et al. (67)
ho conducted a randomized, placebo-controlled study us-

ng 25 mg of oral DHEA daily for 9 months in 39 women
ith adrenal insufficiency. The serum T levels significantly

ncreased from baseline to reach premenopausal levels.
owever, there was no effect on sexual function parameters.

The effect of oral DHEA administration to women who
ere androgen deficient from hypopituitarism was studied
y Johannsson and colleagues (88) who used an age-ad-
usted, dosing scheme of DHEA administration in 38
omen, with 30 mg being given if the woman was less than
5 years of age and 20 mg if she was 45 years or older. The
tudy was double-blinded, randomized, and placebo-con-

rolled for a 6-month period followed by a 6-month open a

84 Cameron and Braunstein Androgen replacement therapy i
hase. The mean ages of the placebo and DHEA groups were
0 and 51 years, respectively. Although levels of DHEAS,
, and T increased in the treatment group, the serum andro-
en levels remained subnormal at the completion of the
tudy, and at 6 months there was no statistically significant
ifferences in androgen levels compared to the placebo
roup.

Johannsson and associates used patient reports at 6 and 12
onths to measure changes in sexual interest and activity in

hree categories: reduced, unchanged, or increased. Quality
f life was measured by the Psychological General Well-
eing Index. A 12-item questionnaire was completed by the
atients’ partners to assess mood and behavior changes. Of
nterest, there were no significant changes in sexual function
s self-reported during the placebo-controlled phase of the
tudy, although the patients’ partners reported an increase in
exual relations during this period. During the open phase of
he study, increased sexual activity and interest was reported
y 100% of the women with partners on 30 mg of DHEA and
1% of the women with partners on the 20-mg dose. There
ere no significant changes in the quality of life noted
uring either phase.

ibolone Trials
Tibolone is a steroid hormone that possesses estrogenic,

rogestational, and androgenic properties. Although not
vailable in the United States, it has had several decades of
se in Europe and Asia. There are four randomized, placebo-
ontrolled, single or double-blind trials using 2.5 mg of
ibolone given orally each day.

Kicovic and colleagues (89) studied 82 postmenopausal
omen for 16 weeks in each arm of a cross-over trial and
oted that there was a 26% improvement in libido with
ibolone compared to placebo. Nevinny-Stickel (90) also
erformed a cross-over trial for 16 weeks on active drug or
lacebo in 35 postmenopausal women and found no signif-
cant difference in effect on libido, which was the only
exual function domain examined.

A single-blind, placebo-controlled trial was conducted by
alacios et al. (91) with 28 postmenopausal women using a
uestionnaire that measured several parameters of sexual
unction. At 12 months there was a significant improvement
ith tibolone compared to baseline and control in all param-

ters that included desire, frequency of arousability, intensity
nd frequency of orgasmic response, and coital activity.

More recently, Laan and co-workers (92) studied 38 post-
enopausal women for 12 weeks in a cross-over trial using

exual function questionnaires, daily diaries, and measure-
ents of vaginal blood flow and lubrication. In comparison

o placebo, tibolone significantly increased vaginal lubrica-
ion and blood flow, arousability, sexual fantasies, and sex-
al desire. There was no difference in the initiation of sexual

ctivity, frequency of intercourse, or orgasm.
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As reviewed elsewhere (93, 94), multiple other trials with
ibolone have been carried out that have either not been
linded, not randomized, or not had a prospective placebo
ontrol or have compared tibolone to estrogens or estrogen/
rogesterone combinations. It is difficult to interpret the
esults because of the estrogenic and progestational activities
f tibolone and the differences between the potency of tibo-
one and the comparators used in the studies. Also, because
ibolone lowers SHBG, whereas estrogens increase this pro-
ein, differences in results may actually reflect alterations in
he free endogenous androgen levels, rather than a direct
ndrogenic activity of tibolone.

ANDROGEN PREPARATIONS
At the present time, there are no androgen preparations

hat have Food and Drug Administration approval for the
reatment of HSDD. Many compounding pharmacies will
repare T pellets, creams, gels, drops, and lozenges by
rescription. However, these generally have not been stan-
ardized with regard to absorption, duration of effect, or the
ange of serum levels achieved. There are numerous andro-
en products available for the treatment of male hypogonad-
sm. However, normal serum T levels in men are 10–20
imes higher than those found in women, and, therefore,
ff-label use in women requires breaking tablets, diluting
njectables, cutting patches, or trying to squeeze out just the
ight amount of gel, which generally leads to the adminis-
ration of too much or too little androgen.

The only T preparation produced by a pharmaceutical
anufacturer that is made specifically for women is a com-

ination product containing EE and MT (Estratest HS with
.625 mg of EE plus 1.25 mg of MT or Estratest with 1.25
g of EE and 2.5 mg of MT, both from Solvay Pharmaceu-

icals, Marietta, GA). The specific indication for these prep-
rations are for the treatment of vasomotor menopausal
ymptoms not responsive to estrogens alone and not for the
reatment of HSDD. However, as noted, the studies of Sarrel
42) and Lobo (13) and their co-workers have shown that this
ombination improves sexual function in women to a greater
xtent than that found with EE alone. Clinical trials are
urrently underway investigating T preparations that have
een specifically designed to treat HSDD in women, but it is
nticipated that it will still be several months to years before
hese complete the regulatory approval process and reach the
arket.

Dehydroepiandrosterone is administered orally and has
een used for androgen replacement in women with primary
nd secondary adrenal insufficiency. Doses more than 30
g/day are usually required to produce a beneficial effect on

exual function. Dehydroepiandrosterone is considered a di-
tary supplement by the Food and Drug Administration, and
s such is available in health food stores and markets. An
nvestigation into the actual DHEA content of multiple over-

he-counter DHEA products demonstrated a wide range with 1

ERTILITY & STERILITY�
ome containing no measurable DHEA to levels that were as
uch as 149% of the expected amount (95).

Another preparation that theoretically could be used to
rovide androgen replacement therapy is androstenedione.
ndrostenedione, like DHEA, is considered a dietary sup-
lement by the Food and Drug Administration. There have
een two pharmacokinetic studies in women, which have not
easured effect on sexual function parameters (96, 97).

Kicman et al. (96) studied A administration in 10 healthy,
remenopausal women aged 20–32 years. Oral A in a single
ose of 100 mg or placebo was administered in a double-
lind, cross-over fashion. Serum A and T levels were sup-
aphysiologic at the 100-mg dose of A. Serum A levels in the
reatment group were significantly different from placebo
fter 15 minutes to 24 hours, whereas T levels were signif-
cantly different from 30 minutes to 8 hours. Serum A levels
lateaued between 2 and 4 hours.

Leder et al. (97) studied oral A replacement in 30 post-
enopausal women in single doses of 0 (n � 10), 50 (n �

0), and 100 (n � 10) mg, which resulted in significantly
P�.0001) increased serum T levels that were often supra-
hysiologic in the 50- and 100-mg treatment groups com-
ared to the placebo group. There was considerable individ-
al variability using this intermediate precursor of T.

Androgen replacement therapies potentially lead to in-
reases in the estrogen concentrations due to aromatization.
n this study E1, but not E2, levels were increased, whereas
ral DHEA administration has been shown to increase E2

evels. Because this study investigated the effect of a single
ral dose, the adverse and beneficial effects, including sexual
unction parameters, with long-term administration of A is
nknown in women.

SAFETY OF ANDROGENS IN WOMEN
The various studies that have investigated the administra-

ion of androgens in women have found that androgen re-
lacement therapy is well tolerated and devoid of serious
ide effects. All may result in unwanted mild androgenic
ffects, such as acne and hirsutism, if supraphysiologic T
oncentrations are reached, but are rarely associated with
ore serious virilization.

Acne has been found in 3%–8% of patients with oral
reparations of EE plus MT compared to 0%–7% in women
eceiving EE alone (13, 98–101). An increase in acne was
ot found with IM or SC E2 plus T in comparison to the
strogen only control, or with transdermal T vs. placebo (12,
4, 15, 79, 82).

The reported hirsutism rates with oral EE plus MT varied
rom 4.2% to 6%, which is not significantly different from
atients receiving EE alone (13, 98, 100, 101). Of interest, in
group of 100 women who had no facial hair at baseline,
4% developed facial hair with 0.625 mg of EE plus 1.25 mg
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f MT and 22% developed facial hair with 1.25 mg of EE
lus 2.5 mg of MT at 12 months, most of which was reported
s light or medium growth. In comparison, both the high-
ose and low-dose estrogen-only control groups had a 20%
ncrease in facial hair growth (98). The hirsutism rates for
M or SC T administration, which results in supraphysi-
logic T levels, have been reported to vary between 0% and
0%, but has not been systematically compared to parental
r SC estrogen-only therapy (82, 85). No difference in hir-
utism incidence rates between transdermal placebo or T
ave been reported (12, 14, 15).

Due to the first pass effect on the liver after absorption
rom the gastrointestinal tract, oral androgen preparations
enerally exhibit a greater degree of lowering of SHBG and,
herefore, greater increase in the free androgen levels than do
arental or transdermal androgens. This liver effect also
eads to a reduction of high-density lipoprotein (HDL) cho-
esterol levels, which is usually not found with androgens

T A B L E 6

lood lipid effects (% change from baseline) of T or DHEA

rial Therapy N
Tot

choles

obo et al. (13) Oral MT 1.25 mg q d 106 �16.
Oral EE low dose 110 2.

ohannsson et al.
(88)

Oral DHEA 30 or 20 mg q d 38 �5.

rlt et al. (61) Oral DHEA 50 mg q d 24 �9.
arnhart et al. (86) Oral DHEA 50 mg q d 60 �2.
arrett-Connor et al.
(101)

Oral EE low dose
Oral EE high dose
Oral EE � MT 1.25 mg q d
Oral EE � MT 2.5 mg q d

25
25
26
23

�0
�3
�11

�11.
aisz et al. (99) Oral EE � MT 2.5 mg q d 13 �11.

Oral EE 13 �6.
atts et al. (103) Oral EE � MT 1.25 mg q d 33 �9.

Oral EE 33 �5.
ickok et al. (102) Oral EE � MT 1.25 mg. q d 13 �33.

Oral EE � MT 2.5 mg q d 13 �6.
Tran

hifren et al. (12) E � Transdermal T 300 �g q d 67 �3.

Par
avis et al. (79) SC E � T 50 mg q 3 mo 16 �10.

SC E 17 �8.
urger et al.b (78) SC E or E � T 50 mg � 1 20 NS
arish et al. (104) SC E � T 100 mg � 1 17 �5.

SC E 14 �3.
urger et al. (81) SC E � T 100 mg � 1 17 NC

ote: dosages are for T, low dose EE is 0.625 mg EE, high dose EE is 1.
DL � high-density lipoprotein; LDL � low-density lipoprotein; NC � n
ethyltestosterone; NS � not significant; unk � unknown.
Statistical significance.
Values for lipid profile not provided, but reported as no significant chang

ameron. Androgen replacement therapy in women. Fertil Steril 2004.
iven in replacement doses by a nonoral route. Table 6 (12, d

86 Cameron and Braunstein Androgen replacement therapy i
3, 61, 78, 79, 81, 86, 88, 99, 101–104) summarizes the
ffects on cholesterol found with the different androgen
reparations that have been reported in the studies included
n Tables 4 and 5. Fortunately, many of the adverse reactions
isted in the product labels of the various androgen prepara-
ions and in the literature concerning androgen therapy for
ale hypogonadism, such as hepatic dysfunction, polycythe-
ia, sleep apnea, and breast stimulation have not been found

n women receiving replacement therapy.

SUMMARY
Clinical investigations attempting to correlate androgen

evels and sexual function parameters are exceedingly diffi-
ult as sexual behavior is complex. Individual patterns of
exual expression do not have an exclusive determinant and
re largely dependent on interrelational dynamics. Only
mall observational studies have attempted to correlate an-

lacement clinical trials in women.

HDL LDL Triglycerides Dose effect on T Rx Duration

�12.4 NC �31.1 Supraphysiologic 4 mo
3.2 1.0 �7.5

�1.3 �3.7 �1.6 Subnormal 1 yr

�13.5a �8.1 �1.75 Physiologic 4 mo
�3.1 NC �1.5 Physiologic 3 mo
�15.6
�23.2
�19.5

�18.6

�11.3
�4.8
�6.4
�5.7

�72.1
�56.1
�16.2
�7.3

NR 2 yrs

�23.0a �4.9 �32.4a Physiologic 9 wks
�22.1a �24.1a �25.5a

�16.4a �1.9 �30.0* unk 2 yrs
6.7a �11.9 �19.5

�14.5 �19.3a �3.4 unk 6 mo
�2.1 �10.1 �8.1

mal
NC �5.1 NR Physiologic free

T
3 mo

al
NC �17.1 �10.5 Supraphysiologic 2 yrs

�6.7 �17.5 �5.5
NS NS NS Supraphysiologic 6 wks

�4.1 �7.6* �14.2 Initially 6 mo
�6.5* �6.4 �8.1 Supraphysiologic

NC NSa �0.2 Supraphysiologic 5 mo

, dose effect on T comparison to normal reproductive age range.
nge; E � estrogen; NR � not reported; EE � esterified estrogen; MT �
rep

al
terol

Oral
8
4
7

5a

5
.7
.2
.7
2
5a

5
1
2
3
1
sder
2

enter
7
1

4*
1

25 mg
o cha

e.
rogen levels with female sexual function and there are no
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arge studies that used validated questionnaires to confirm
he correlation.

The physiologic mechanisms of female androgen insuffi-
iency syndrome and subsequent symptoms are not entirely
lear. The decline of androgen production is well docu-
ented and probably a consequence of the effects of advanc-

ng age on the adrenals and the ovaries rather than meno-
ause. It is clear that women with hypopituitarism, adrenal
nsufficiency, or oophorectomy are often androgen insuffi-
ient. Why some women become symptomatic, and others
ot, has yet to be determined. That some symptomatic
omen respond to androgen replacement is clear.

Although androgen therapy has been used in the treatment
f menopausal symptoms since the 1930s, the understanding
f the importance of endogenous androgens as well as the
enefits and risks of exogenous androgen replacement ther-
py in women is incomplete. Androgen therapy may be most
eneficial to women with androgen insufficiency due to
ypopituitarism, adrenal insufficiency, or subsequent to bi-
ateral oophorectomy. However, as most women now live
pproximately one-third of their lives after menopause, the
onsideration of androgen therapy for symptomatic, natu-
ally menopausal women has gained increasing support and
ttention in the lay and medical communities. In addition,
ecause womens’ partners now have longer life expectancies
nd have therapies to address their sexual function, the
uality of life of women increasingly includes the ability to
njoy a meaningful, intimate sexual relationship.

Related to the consideration of androgen therapy in symp-
omatic postmenopausal women are issues of inadequate and
xcessive estrogen therapy. Loss of libido may be simply
ue to underestrogenization and therefore, aversion due to
yspareunia, or overestrogenization with resultant increase
n SHBG and binding of T. The role of ET for menopausal
omen is currently undergoing reassessment in the wake of

he Women’s Health Initiative and Heart and Estrogen/Pro-
estin Replacement Study studies. Because the studies deal-
ng with androgen replacement in women have been carried
ut on a background of estrogen replacement, it is unknown
hat the effect of androgen replacement will be on women
ho are not receiving estrogens. To be sure, more large-

cale, long-term, placebo-controlled clinical evaluations of
ndrogen replacement therapy in women with both surgical
nd natural menopause, with and without systemic ET,
hich accurately measure serum androgens and sexual func-

ion with validated tools are urgently needed.
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