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Abstract

Androgens have significant and varied actions in women and there is now acknowledgment that women may experience
symptoms secondary to androgen deficiency. There is also substantial evidence that prudent androgen replacement can be
effective in relieving both the physical and psychological symptoms of androgen insufficiency, and is indicated for clinically
affected women. Testosterone replacement for women is now available in a variety of formulations. It appears to be safe, with
the caveat that doses are restricted to the ‘therapeutic’ window for androgen replacement in women, such that the beneficial
effects on wellbeing and quality of life are achieved without incurring undesirable virilizing side effects.

The predominant symptom of women with androgen deficiency is loss of sexual desire. This is not limited to women
experiencing a surgical menopause but may also be a feature of women who have either undergone premature or natural
menopause. There is increasing interest in other uses of androgen replacement in women that include premenopausal iatrogenic
androgen deficiency states, glucocorticosteroid-induced bone loss, management of wasting syndromes and possibly
premenopausal bone loss, premenopausal loss of libido and the treatment of the premenstrual syndrome. © 1999 Elsevier

Science Ltd. All rights reserved.
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1. Introduction

In women, the adrenal glands and ovaries produce
the circulating androgen testosterone (T) androsten-
dine (A) and dehydroepiandrosterone (DHEA). These
steroid hormones have important physiological actions
in women, either directly via androgen receptors
throughout the body, or as important circulating pre-
cursor hormones for the synthesis of estrogen in the
ovaries and extra gonadal tissues. At menopause there
is a sudden drop in circulating estrogen. In contrast
the decline in androgens most closely parallels increas-
ing age. The absolute declines in circulating hormone
and the adrenal pre-androgens commences in the dec-
ade preceding menopause [1,2]. Hence many women
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experience symptoms of androgen deficiency in the im-
mediate premenopausal years. Androgen deficiency in
women may be manifest as impaired sexual function,
lessened well being, loss of energy and negative effects
on bone mass [3—6]. These symptoms usually develop
insidiously and most women are not aware that such
symptoms may have a biological basis. Therefore it is
important to directly question women about such
symptoms when hormone replacement therapy is being
considered and again at subsequent consultations.
Otherwise many women for whom androgen replace-
ment therapy may be appropriate and beneficial may
remain unidentified and untreated.

2. Androgen physiology in the reproductive years

The ovaries and adrenal glands both produce T,A
and DHEA, however the adrenals are the main site of
production of DHEA-sulphate (DHEA-S).
Approximately 50% of total circulating T is derived
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from peripheral conversion of the adrenal preandro-
gens to T, with A being the main precursor [7]. T is
also further metabolised to the potent androgen dihy-
drotestosterone (DHT). In regularly ovulating women
mean circulating levels of both A and T increase in the
middle third of the menstrual cycle with a second rise
in A production by the corpus luteum occurring
during the late luteal phase [8]. It is believed ovarian
androgen production by the thecal cells is under the
control of LH. The pre-androgens DHEA and DHEA-
S are converted peripherally into A and then into the
potent androgens T and DHT as well as to oestrogens.
Under normal physiological conditions only 1-2% of
total circulating T is free or biologically active. The
rest is bound by sex hormone binding globulin
(SHBG) or albumin with SHGB binding 66% of
total circulating testosterone [9]. The binding affinity
for steroids bound by SHBG is DHT>T > andro-
stenediol > estradiol > estrone [10]. Increases in estra-
diol and thyroxine result in increases in SHBG
whereas increases in T, glucocorticosteroids, growth
hormone and insulin suppress SHBG.

3. Physiological and non-physiological reductions in
androgens in women

The mean circulating levels of T decline with
increasing age in premenopausal women, such that the
levels ofwomen in their 40 s are approximately half of
those of women in their 20 s [9]. This is reflected in an
absolute decline in free T with age. Circulating levels
of DHEA and DHEA-S, an important precursor for
ovarian intrafollicular production of T and DHT [7]
also fall lineally with age and this partially contributes
to the overall age related decline in levels of their main
metabolite, T [11,12].

Lessened cyclic ovarian testosterone production has
been observed in the premenopausal years and may
well be a prodrome to the menopause.
Mushayandebvu et al. [12] reported a decline in mid-
cycle ovarian androgen production in older reproduc-
tive aged women compared to their younger regularly
ovulating counterparts. They specifically observed fail-
ure of the mid-cycle increase in circulating free T in
older women with regular menstrual cycles despite
preservation of normal free T levels at other times of
the cycle. In other studies, androgen levels have not
been found to acutely change in relation to the meno-
pause [9,13]. Longcope et al. reported that the mean
concentration of T in women transiting the menopause
was significantly less than that of normal youngwomen
sampled during the follicular phase of their regular
menstrual cycles [13]. This is again consistent with the
hypothesis that the decline in circulating T in women
precedes the menopause and is most closely coupled

with age. Following menopause, direct ovarian pro-
duction accounts for up to 50% of circulating T, with
the adrenal gland being a less important source [14].
However, there is wide variation amongst women in
the activity of the ovarian stroma in the postmenopau-
sal years in terms of androgen production [15].

Ovariectomy is the most common cause of iatro-
genic androgen insufficiency and on average results in
a 50% reduction in both T and A [16]. Other iatro-
genic causes of T deficiency include chemical ovari-
ectomy, for example the use of GNRH antagonists,
and premature menopause induced by chemotherapy
or radiotherapy. The induction of premature meno-
pause by chemotherapy is becoming a major health
issue for the survivors of premenopausal breast cancer.
Exogenous estrogen administration may also precipi-
tate relative androgen insufficiency. Specifically oral es-
trogens in the form of the oral contraceptive pill or
estrogen given for hormone replacement therapy have
been found to suppress circulating free T levels [17—
19]. The oral contraceptive pill suppresses ovarian
androgen production as well as induces increases in
SHBG. Hence on the background of the age related
decline in the levels of free T, women in their late
reproductive years taking the oral contraceptive pill
may report symptoms such as loss of libido and fati-
gue which are secondary to their suppressed free T
levels. Similarly it is not unusual for postmenopausal
women to develop androgen deficiency symptoms after
commencing hormone replacement therapy. Again,
such symptoms may be attributed to an exogenous es-
trogen-induced increase in SHBG combined with sup-
pression of pituitary LH secretion, leading to lessened
stimulus for postmenopausal ovarian thecal T pro-
duction [20].

The administration of glucocorticosteroids may also
induce androgen insufficiency secondary to the sup-
pression of ACTH and therefore suppressed adrenal
androgen production [21]. Long term suppression of
adrenal pre-androgen production with glucocorticos-
teroid therapy may partly underlie the pathogenesis of
osteopenia and ultimately osteoporosis which is a well
known side effect of such chronic treatment in both
women and men [22].

4. Clinical sequelae to diminished testosterone levels in
the postmenopausal woman and evidence for benefits
oftestosterone replacement

The most common complaint of women experien-
cing androgen deficiency is loss of sexual desire. Other
symptomsthat appear to be related to low androgen
levels include lessened well being and unexplained, and
often subtle, fatigue. The most accepted indication for
T replacement in women is low libido coupled with
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low blood T levels following surgical menopause or
premature menopause induced by chemotherapy or ir-
radiation. Increasingly symptomatic T deficiency fol-
lowing natural menopause is becoming an accepted
indication. Women who may also benefit from T repla-
cement include those suffering from premature ovarian
failure, including Turner’s syndrome, and women with
postmenopausal osteoporosis [23,24].

Potential indications for androgen replacement in
women unrelated to the menopause include: premeno-
pausal iatrogenic androgen deficiency states, such as
the use of GNRH analogues for the treatment of
endometriosis; premenopausal bone loss; glucocorticos-
teroid-induced bone loss; premenopausal loss of libido
with diminished circulating free T levels; and possibly
management of the premenstrual syndrome.

The symptom that most commonly precipitates con-
sideration of androgen replacement therapy in postme-
nopausal women is diminished libido despite adequate
hormone replacement therapy. Clearly sexuality and
libido are determined by many factors including a
woman’s health status, her physical and social environ-
ment, past experiences, expectations and cultural
milieu. Satisfactory sexual function is an important
part of a woman’s health and well being. There is a
general misconception that sexuality in women declines
with increasing age, however the majority of women
who experience natural menopause do not report a
decline in sexual desire, erotic pleasure or orgasm [25].
A general age related reduction in sexual frequency
has been observed in women as in men. The menopau-
sal transition however has been associated with lessen-
ing sexual and coital frequency independent of age [6].
Compared with premenopausal women, women in
their postmenopausal years report fewer sexual
thoughts and fantasies, have less vaginal lubrication
during sex and experience less satisfaction in their sex-
ual relationships, with a low circulating T level being
most closely correlated with the reduced coital fre-
quency [26]. In the Melbourne Women’s Midlife
Health Study, 62% of women aged 45 to 55 years
reported no change in sexuality in the preceding year,
however 31% reported a decrease [25]. The decline in
sexual interest in the study was significantly and
adversely associated with menopause rather than with
age.

Although estrogen replacement improves vasomotor
symptoms, vaginal dryness and probably general well
being, this treatment has little effect on libido [27,28].
Oral estrogen replacement improves sexual satisfaction
in women with atrophic vaginitis causing this dyspar-
eunia, but women without this symptom benefit little
or not at all [29,30]. Not uncommonly women com-
plaining of loss of libido are given increasing doses of
estrogen resulting in side effects (mastalgia and weight
gain), and further lowering of free T.

Androgens appear to play a key role in female sexu-
ality and diminished androgen levels in the postmeno-
pausal years appear to contribute to the decline in
sexual interest experienced by many women.
Bachmann & Lieblum studied sexuality in sexagenar-
ian women and reported that of the hormones studied
serum free T was positively correlated with increased
sexual desire [31]. Several studies have also demon-
strated several improvements in the number of par-
ameters of sexuality in postmenopausal women treated
with exogenous T over and above the effects achieved
with estrogen alone [23,30,32]. As described above, ex-
ogenous estrogen at the time of menopause may pre-
cipitate relative testosterone deficiency and result in
symptoms such as loss of libido [18,19]. The mechan-
ism by which sex steroids influence sexuality is not
known. Both estradiol and testosterone are present in
the human female brain with the highest concen-
trations of estradiol in the hypothalamus and the pre-
optic area and of T in the substantia nigra, the
hypothalamus and the preoptic area [33]. The concen-
tration of T is several fold higher than estradiol in
each of these regions, with the highest ratio of T to
estradiol in the hypothalamus and the preoptic area
[33]. Interestingly the distribution of T within the
human central nervous system corresponds with areas
of high aromatase activity in animal brain [34]. Hence
it appears that androgens may act either directly on
the brain via the androgen receptor or possibly after
conversion to estrogen within the central nervous sys-
tem. Studies of the effects of cross-sex hormone
therapy in transsexuals suppose a direct action of
androgens within the central nervous system [35].

Testosterone replacement either as an injection or
subcutaneous implant enhances sexual motivation in
postmenopausal women [23,29,30,36,37]. Improve-
ments in intensity of sexual drive, arousal, frequency
of sexual fantasies, satisfaction, pleasure and relevancy
have all been documented. In contrast changes in sex-
ual motivation and improvements in coital frequency
and orgasm vary considerably between studies. The
failure for T supplementation to improve coital fre-
quency has been attributed to the fact that participants
of the studies have been women in long term relation-
ships with established patterns of sexual behaviour.

Androgenic steroids also appear to have an import-
ant physiological role in the development and mainten-
ance of bone mass in men and women, although the
mechanism of androgen action on bone is still a matter
of debate. The skeletal effects of androgens appear to
be mediated in part via the estrogen receptor after cir-
culating androgens have been locally aromatised to es-
trogen within bone [38,39]. However there is evidence
that androgens act directly on bone and androgen
receptors have been demonstrated in human osteo-
blast-like cell lines and androgens have been shown to



180 S.R. Davis | Journal of Steroid Biochemistry and Molecular Biology 69 (1999) 177-184

directly stimulate bone cell proliferation and differen-
tiation [40,41]. Clinical research supports a positive re-
lationship between bone density and androgens in
young, premenopausal and perimenopausal women.
Premenopausal bone loss is significantly associated
with circulating free T levels, but not with circulating
estradiol [42,43]. Furthermore low circulating free T is
predictive of subsequent height loss (a surrogate
measure of vertebral compression fracture) and hip
fracture in postmenopausal women [44]. Circulating
DHEA and DHEA-S have also been positively corre-
lated with BMD in ageing women and the progressive
decline in DHEA with increasing age is believed to
contribute to senile osteoporosis [45-47]. It is not clear
whether these adrenal pre-androgens directly influence
bone metabolism but most likely their effects are
mediated indirectly after being converted to estrogen
and T. Studies of both oral and parenteral estrogen-
plus-T therapy in postmenopausal women have shown
beneficial effects of T replacement on bone mineral
density (BMD) [23,24,48]. Treatment with a combi-
nation of oral esterified estrogen-methyltestosterone
resulted in increased spinal BMD over a two year
period [24] and with this regimen has been shown to
not only suppress biochemical markers of bone reab-
sorption but to be associated with increases in the
markers of bone formation [49]. The treatment of post-
menopausal women with nandrolone decanoate has
also been shown to result in increased vertebral BMD
[50]. Combined estradiol and testosterone replacement
with subcutaneous implant pellets also increases bone
mass in menopausal women [23,48,51] with the effects
in the hip and spine being greater than with estradiol
implants alone [23]. Androgens also appear to enhance
the mechanical properties of bones as evidenced by
studies in female primates [52]. However to date no
studies have addressed the impact of androgen replace-
ment on the incidence of fracture in postmenopausal
women.

Sex hormones may play a role in the evolution of
rheumatoid arthritis (RA): RA is more common in
women than in men; RA is associated with low andro-
gen levels in men and women [53] and the direct ad-
ministration of testosterone replacement has resulted
in symptomatic improvement in men [54] and postme-
nopausal women [22]. There is ongoing research into
the effects of androgens on the immune response
[55,56] based on the hypothesis that the enhanced sus-
ceptibility of females to autoimmune disease in part
due to lower testosterone levels in women vs men.
Based on the known beneficial effects of testosterone
administration in terms of lean body mass, bone den-
sity and the adrenal suppressant effects of glucocorti-
costeroid therapy, testosterone replacement may
potentially be beneficial for both women and men with
severe RA.

In summary, current data support beneficial effects
of androgen replacement in terms restoration of libido
and well being in postmenopausal women with low cir-
culating free testosterone levels. Androgen replacement
may also potentially be an effective alternative for the
prevention of bone loss and the treatment of osteope-
nia and osteoporosis in postmenopausal women, how-
ever recommendations of therapy for the later
indications pend the availability of prospective data
confirming a reduction in fracture rate with such
therapy.

5. Potential risks of testosterone replacement in women

Potentially androgen replacement in women may
result in undesirable metabolic side effects particularly
with respect to effects on body composition, lipids and
lipoprotein, metabolism and vascular function. The
clinical data available does not indicate that androgen
replacement therapy which results in testosterone levels
within the normal physiological range for women has
any undesirable metabolic consequences.

In postmenopausal women neither measured nor
estimated free T is associated with waist-to-hip ratio
measurements nor does there appear to be a direct re-
lationship between androgens and visceral adiposity in
this population [57]. Combined estrogen and T replace-
ment with subcutaneous implants is associated with a
reduction in total body fat and a modest increase in
lean body mass but no change in BMI [23]. With
respect to lipids, our research has shown that estrogen
replacement results in a decrease in abdominal fat
which is associated with a reduction of LDL choles-
terol and the LDL to HDL cholesterol ratio. The ad-
dition of T replacement to postmenopausal women
appears to offset these positive effects ([28] Davis et al.
unpublished data). Oral methyltestosterone adminis-
tration is associated with reductions in HDL choles-
terol and apolipoprotein Al [49,58]. Certainly the
incidence of heart disease in postmenopausal women is
not associated with circulating androgen levels [59,60]
and animal studies have shown that intracoronary T
administration induces increases in coronary artery
cross-sectional area peak flow velocity which is
blocked by pretreatment with an inhibitor of nitric
oxide synthesis [61]. Thus evaluating the data to hand,
the administration of T to women does not appear to
adversely effect the key events in lipid metabolism or
coronary artery function.

There have been reports of a positive association
between endogenous androgen levels and breast cancer
[62,63]. Unfortunately interpretation of available data
is limited by the several confounding factors.
Androgen receptors are found in up to 50% of breast
tumours [64] and are associated with a longer survival
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Table 1
Androgen replacement therapy formulations used for women

181

Dose range Frequency Route
Methyltestosterone® (in combination with esterified estrogen) 1.25-2.5 mg Daily Oral
Testosterone undecanoate 40-80 mg Daily or alternate days Oral
Nandrolone decanoate 25-50 mg 6-12 weekly Intramuscular
Mixed testosterone esters 50-100 mg 4-6 weekly Intramuscular
Testosterone implants 50 mg 3—-6 monthly Subcutaneous
Testosterone patch® 150 pg 2 x [week Transdermal

@ Currently available in USA.
® Undergoing clinical trial in USA.

in women with operable breast cancer who manifest a
favourable response to hormone treatment withad-
vanced disease [65]. There is no data regarding the
effects of exogenous androgen therapy on the incidence
of breast cancer.Despite concerns that androgen repla-
cement may result in undesirable cosmetic side effects,
virilization is rare if supraphysiological hormone levels
are avoided [23,30,36,37]. Clearly it is inappropriate to
treat women troubled by hirsutism, acne or androgenic
alopecia with androgen replacement. Although
enhanced libido is the most common indication for
androgen replacement therapy in postmenopausal
women, increased sexual thoughts may in some
instances be an undesirable effect and this should be
considered when T replacement is considered for pre-
vention or management of bone loss.

6. Testosterone replacement following menopause

Currently few countries have approved the use of
testosterone for hormone replacement therapy in
women, however it is available as oral methyltestoster-
one in the US and testosterone implants have been
approved for replacement therapy for women in the
UK. The currently available therapeutic options are
listed in Table 1.

Our clinical experience suggests that in order to
achieve a good therapeutic response in terms of
enhanced libido testosterone levels often need to be
restored to at least the upper end of the normal phys-
iological range for young ovulating women. The doses
of testosterone required to achieve such an effect not
uncommonly result in an initial post administration
peak testosterone level which is supraphysiological
regardless of the mode of administration.

Oral testosterone undecanoate is mostly used for
replacement therapy in hypogonadal men. Its clinical
use in women has been little studied although in some
countries this prescription for women is quite wide-
spread. As there is no data pertaining to the safety
and efficacy of testosterone undecanoate in women, its
use in women cannot be recommended.

Subcutaneous testosterone implants have been used
for many years in hormonal replacement regimens in
postmenopausal women. These implants are fused
crystalline implants 4.5 mm in diameter containing
Testosterone BP (British Pharmacopoeia) as the active
ingredient. We have found a dose of 50 mg extremely
effective without unwanted virilizing side effects
[23,36,660]. The implant is inserted under local anaes-
thesia, subcutaneously, usually into the lower anterior
abdominal wall or the lateral thigh using a trochar
and cannula. The duration of effect for a 50 mg
implant is between 3 and 6 months. However as there
is marked individual variation in this period, women
treated with testosterone implants should be carefully
monitored and serum T levels measured prior to the
administration of each subsequent implant. Less com-
monly T implants of 100 mg are necessary to achieve
adequate therapeutic effects. Implants of a greater
dose cannot be recommended in women.

Currently other modes of T administration for
women are being developed. Transdermal testosterone
in the form of patches and gels, and a vaginal ring are
currently undergoing therapeutic trial. Nandrolone
decanoate is approved in some countries for the treat-
ment of postmenopausal osteoporosis. The dose, given
intramuscularly, should not exceed 50 mg and the fre-
quency of treatment is best titrated against the
patient’s gross build. Thecontraindications to, and side
effects of T replacement, are listed in Tables 2 and 3.
Once again it is emphasised that with judicious dosing
and careful monitoring, side effects of this therapy are
rare. In general, all postmenopausal women treated
with T replacement should concurrently be prescribed

Table 2
Contraindications to testosterone therapy

e Severe acne

o Moderate—severe hirsutism

e Circumstances in which enhanced libido would be undesirable
e Androgenic alopecia

e Pregnancy or lactation

e Known or suspected androgen-dependent neoplasia
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Table 3
Side effects from excessive dosage

e Masculinization—hirsutism, acne, temporal balding, voice
deepening, clitoromegaly

o Fluid retention

e Lipids—oral testosterone may adversely affect serum levels of
HDL-cholesterol and apolipoprotein A-1

e Drug interactions—C17 substituted derivatives of oral testosterone
may decrease anticoagulant requirements. Androgens may elevate
serum levels of oxyphenbutazone and in diabetic patients may rarely
affect insulin requirements

e Hepatocellular damage has been associated with high dose 17-0-
alkylandrogens given orally

estrogen replacement therapy, with the exception being
women receiving intramuscular nandrolone decanoate.

7. Conclusions and summary

Together with its metabolite DHT is the most potent
physiological androgen in both men and women.
Paradoxically T is also the major precursor of estro-
gen. Whether the actions of T in women are predomi-
nantly directly mediated via androgen receptors or
secondary to extra gonadal conversion of androgen to
estrogen is notknown. However there is increasing evi-
dence that T replacement in addition to standard post-
menopausal hormone replacement results in optimal
treatment for many women. Anecdotally, younger
women with premature ovarian failure appear more
likely to require T replacement for restoration of libido
and well being. Furthermore, there is preliminary evi-
dence that the addition of an androgen may be extre-
mely important in such women to prevent bone loss.
As long as T replacement results in T levels within or
close to the normal reproductive range for women,
side effects are rare. Unfortunately administration of
doses appropriate to women has been limited to date
by the lack of availability of preparations specifically
developed for treatment of women. The T replacement
alternatives currently under development should mini-
mise this therapeutic problem in the future.

References

[1] B. Zumoff, G.W. Strain, L.K. Miller, W. Rosner, Twenty-four
hour mean plasma testosterone concentration declines with age
in normal premenopausal women, J. Clin. Endocrinol. Metab.
80 (1995) 1429-1430.

[2] B. Zumoff, R.S. Rosenfeld, G.W. Strain, Sex differences in the
24 hour mean plasma concentrations of dehydroisoandroster-
one (DHA) and dehydroisoandrosterone sulfate (DHAS) and
the DRA to DHAS ratio in normal adults, J. Clin. Endocrinol.
Metab. 51 (1980) 330-334.

[3] R. Sands, J. Studd, Exogenous androgens in postmenopausal
women, Am. J. Med. 98 (1995) 765-795.

4
5]

[6

—_

(71

8

=

[l

[10]

(1]

[12]

(13]

[14]

[13]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

J. Frock, J. Money, Sexuality and the menopause, Psychother.
Psychosom. 57 (1992) 29-33.

K.K. Steinberg, L.W. Freni-titulaer, E.G. De Puey, Sex ster-
oids and bone density in premenopausal and permenopausal
women, J. Clin. Endocrinol. Metab. 69 (1989) 533-539.

T. Hallstrom, Sexuality in the climacteric, J. Clin. Obstet.
Gynecol. 4 (1977) 227-239.

R.V. Haning Jr, M. Cabot, C.A. Flood, R. Hackett, C.
Longcope, Metabolic clearance rate (MCR) of dehydroepian-
drosterone sulfats (DS) its metabolism to dehydroepiandroster-
one, androstenedione testosterone and dihydrotestosterone,
and the effects of increased plasm DS concentration on DS
MCR in normal women, J. Clin. Endocrinol. Metab. 69 (1989)
1047-1052.

H.L. Judd, S.S.C. Yen, Serum androstenedione and testoster-
one levels during the menstrual cycle, J. Clin. Endocrinol.
Metab. 36 (1973) 475-481.

G. Rannevik, S. Jeppsson, O. Johnell, A longitudinal study of
the perimenopausal transition: altered profiles of steroid and
pituitary hormones. SHBG and bone mineral density,
Maturitas 8 (1986) 189-196.

J.F. Dunn, B.C. Nisula, Transport of steroid hormones.
Binding of 21 endogenous steroids to both testosterone-binding
globulin and corticosteroid-binding globulin in plasma, J. Clin.
Endocrinol. Metab. 53 (1981) 58-68.

D.R Meldrum, Changes in circulating steroids with aging in
post menopausal women, Obstet. Gynecol. 57 (1997) 624-628.
T. Mushayandebvu, D.V. Castracane, T. Gimpel, T. Adel, N.
Santoro, Evidence for diminished midcycle ovarian androgen
production in older reproductive aged women, JFertil. Steril. 65
(1991) 721-723.

C. Longcope, C. Franz, C. Morello, Y. Baker, C.C. Johnston
Jr, Steroid and gonadotropin levels in women during the peri-
menopausal years, Maturitas 8 (1986) 1189-1196.

H.L. Judd, W.E. Lucas, S.S.C. Yen, Effect of oopherectomy
on circulating testosterone and androstenedione levels in
patients with endometrial cancer, Am. J. Obstet. Gynecol. 118
(6) (1994) 793-798.

B. Procope, Studies on the urinary excretion, biological effects
and origina of estrogens in postmenopausal women, Acta
Endocrinol. (Copenh.) 135 (1968) 1-86.

H.L. Judd, Hormonal dynamics associated with the meno-
pause, Clin. Obstet. Gynecol. 19 (1976) 775-788.

R. Krug, D. Psych, R. Pietrowsky, H.L. Fehm, J. Born,
Selective influence of menstrual cycle on perception of stimuli
with reproductive significance, Psychosom. Med. 56 (1994)
410-417.

R.S. Mathur, S.C. Landgreve, L.O. Moody, J.P. Semmens,
H.O. Williamson, The effect of estrogen treatment on plasma
concentrations of steroid hormones, gonadotropins, prolactin
and sex hormone-binding globulin in post-menopausal women,
Maturitas 7 (1985) 129-133.

S. Tazuke, K-T. Khaw, M.M.B. Chir, E. Barrett-Connor,
Exogenous estrogen and endogenous sex hormones, Medicine
71 (1992) 44-51.

J. Bancroft, E.H.H. Cawood, Androgens and the menopause: a
study of 40-60 year old women, Clin. Endocrinol. 45 (1996)
577-587.

G.E. Abraham, Ovarian and adrenal contribution to peripheral
androgens during the menstrual cycle, J. Clin. Endocrinol.
Metab. 39 (1974) 340-346.

G. Pearce, D.A. Tabensky, P.D. Delmas, H.W.G. Baker, E.
Seeman, Corticosteroid-Induced Bone Loss in Men, J. Clin.
Endocrinol. Metab. 83 (3) (1998) 801-806.

S.R. Davis, P.I. McCloud, B.J.G. Strauss, H. Burger,
Testosterone enhances estradiol’s effects on postmenopausal
bone density and sexuality, Maturitas 21 (1995) 227-236.



[24]

[25]

[20]
(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(33]

[30]

(371

(38]

[39]

[40]

[41]

[42]

[43]

[44]

S.R. Davis | Journal of Steroid Biochemistry and Molecular Biology 69 (1999) 177-184 183

N.B. Watts, M. Notelovitz, M.C. Timmons, Comparison
of oral estrogens and estrogens plus androgen in bone
mineral density, menopausal symptoms and lipid-lipoprotein
profiles in surgical menopause, Obstet. Gynecol. 85 (1995)
529-537.

L. Dennerstein, A. Smith, C. Morse, H. Burger, Sexuality and
the menopause, J. Psychsom. Obstet. Gynecol. 15 (1994) 56—
59.

N.L. McCoy, J.M-I. Davidson, A longitudinal study of the
effect of menopause on sexuality, Maturitas 7 (1985) 203-210.
S. Campbell, M. Whitehead, Oestrogen therapy and the meno-
pausal syndrome, Clin. Obstet. Gynecol. 4 (1977) 31-47.

W.H. Utian, The true clinical features of postmenopausal
oophorectomy and their response to estrogen replacement in
therapy, S. Afr. Med, J. 46 (1972) 732-737.

J.W.W. Studd, W.P. Colins, S. Chakravarti, Estradiol and tes-
tosterone implants in the treatment of psychosexual problems
in postmenopausal women, Br. J. Obstet. Gynaecol. 84 (1977)
314-315.

B.N. Sherwin, M.M. Gelfand, W. Brender, Androgen enhances
sexual motivation in females: a prospective, crossover study of
sex steroid administration in surgical menopause, Psychosom.
Med. 47 (1997) 339-351.

G.A. Bachmann, S.R. Leiblum, Sexuality in sexagenarian
women, Maturitas 13 (1991) 45-50.

B.N. Sherwin, M.M. Gelfand, The role of androgen in the
maintenance of sexual function in oophorectomized women,
Psychosom. Med. 49 (1987) 397-409.

K. Bixo, T. Backstrom, B. Winblad, A. Andersson, Estradiol
and testosterone in specific regions of the human female brain
in different endocrine states, J. Steroid Biochem. Mol. Biol. 55
(1995) 297-303.

C.E. Roselli, J.A. Resko, Aromatase activity in the rat brain:
hormone regulation and sex differences, J. Steroid Biochem.
Mol. Biol. 44 (1993) 499-508.

S.H.M. Van Goozen, P.T. Cohen-Kettensis, L.I.G. Gooren,
N.H. Frijda, N.E. Van de Poll, Gender differences in beha-
viour; activating  effects  of  cross-sex  hormones,
Psychoneuroendocrinology 20 (1995) 343-363.

H.G. Burger, J. Hailes, M. Menelaus, The management of per-
sistent symptoms with estradiol-testosterone implants clinical,
lipid and hormonal results, Maturitas 6 (1984) 351-358.

H.G. Burger, J. Hailes, J. Nelson, M. Menelaus, Effect of com-
bined implants of estradiol and testosterone on libido in post-
menopausal women, Br. Med. J. 294 (1987) 936-1937.

E.P. Smith, J. Boyd, G.R. Frank, et al., Estrogen resistance
caused by a mutation in the oestrogen-receptor gene in a man,
N. Eng. J. Med. 331 (1994) 1056-1061.

A.J. Morales, J.J. Nolan, J.C. Nelson, S.S.C. Yen, Effects of
replacement dose of dehydroepiandrosterone in men and
women of advancing age, J. Clin. Endocrinol. Metab. 78
(1994) 1360-1367.

D.S. Colvard, E.F. Eriksen, P.E. Keeling, Identification of
androgen receptors in normal human osteoblast-like cells,
Proc. Natl. Acad. Sci. USA 86 (1989) 854-857.

C.H. Kasperk, K. Faeling, I. Borcsok, R. Zieggler, Effects of
androgen on sub-populations of the human osteosarcoma cell-
line SA0S2, Calcif. Tissue Int. 58 (1996) 376-382.

L. Nilas, C. Christiansen, Bone mass and its relationship to
age and the menopause, J. Clin. Endocrinol. Metab. 65 (1987)
697-699.

C. Siemenda, C. Longcope, M. Peacock, S. Hui, C.C.
Johnston, Sex steroids, bone mass, and bone loss. A prospec-
tive study of pre-, peri- and postmenopausal women, J. Clin.
Invest. 97 (1996) 14-21.

S.K. Jassal, E. Barrett-Connor, S. Edelstein, Low bioavailable

[43]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

testosterone levels predict future height loss in postmenopausal
women, J. Bone Min. Res. 10 (4) (1995) 650—-653.

H. Nawata, S. Tariaka, Aromatase in bone cell: association
with osteoporosis in post menopausal women, J. Steroid
Biochem. Molec. Biol. 53 (1995) 165-174.

B.E.C. Nordin, A. Robertson, R.F. Seamark, A. Bridges, J.C.
Philcox, A.G. Need, M. Horrowitz, H.A. Morris, S. Dearn,
The relation between calcium absorption serum DHEA and
vertebral mineral density in postmenopausal women, J. Clin.
Endocrinol. Metab. 60 (1985) 651-657.

J.J. Stampfer, G.F.A. Golitz, W.C. Willett, Postmenopausal es-
trogen therapy and cardiovascular disease: Ten year follow up
from the Nurses’ Health Study, N. Eng. J. Med. 325 (1991)
756-762.

M. Savvas, JW.W. Studd, S. Norman, A.T. Leather, T.J.
Garnett, Increase in bone mass after one year of percutaneous
oestradiol and testosterone implants in post menopausal
women who have previously received long-term oral oestro-
gens, Br. J. Obstet. Gynaecol. 99 (1992) 757-760.

L.G. Raisz, B. Wiita, A. Artis, A. Bowen, S. Schwartz, M.
Trahiotis, K. Shoukri, J. Smith, Comparison of the effects of
estrogen alone and estrogen plus androgen on biochemical
markers of bone formation and resorption in postmenopausal
women, J. Clin. Endocrinol. Metab. 81 (1995) 37-43.

G.A. Need, M. Horowitz, A. Bridges, H. Morris, C. Nordin,
Effects of nandrolone decanoate and antiresorptive therapy on
vertebral density in osteoporotic women, Arch. Intern. Med.
149 (1989) 57-60.

T.H. Raudaskoski, E.I. Tomas, I.A. Paakkri, A.J. Kauppila,
T.J. Laatikainen, Serum lipids and lipoproteins in postmeno-
pausal women receiving transdermal oestrogen in combination
with leronorgestral-releasing inter uterine device, Maturitas 22
(1995) 47-53.

M. Kasra, M.D. Grynpas, The effects of androgens on the
mechanical properties of primate bone, Bone 17 (1995) 265—
270.

A.T. Masi, S.L. Feigenbaum, R.T. Chatterton, Hormonal and
pregnancy relationships to rheumatoid arthritis: Convergent
effects with immunological and microvascular systems, Semin.
Arthritis. Rheum. 25 (1995) 1-27.

M. Cutolo, B. Seriolo, A. Sulli, S. Accardo, Androgens in
rheumatoid arthritis, in: J.W.J. Bijlsma, S. Linden, C.G. van
der Barnes (Eds.), Rheumatology highlights 1995, Rheumatol.
Eur., 24, 1995, pp. 211-214.

R.L. Wilder, Adrenal and gonadal steroid hormone deficiency
m the pathogenesis of rheumatoid arthritis, J. Rheumatol.
Suppl. 44 (1996) 10-12.

D.A. Sullivan, J.A. Edwards, Androgen stimulation of lacrinal
gland function in mouse models of Sjogren’s syndrome, J.
Steroid Biochem. Mol. Biol. 60 (34) (1997) 237-245.

D. Goodman-Gruen, E. Barrett-Connor, Total but not bioa-
vailable testosterone is a predictor of central adiposity in post-
menopausal women, Int. J. Obes. 19 (1995) 293-298.

L.R. Hickok, C. Toomey, L. Speroff, A comparison of esteri-
fied estrogens with and without methyltestosterone: Effects on
endometrial histology andserum lipoproteins in postmenopau-
sal women, Obstet. Gynecol. 82 (1993) 919-924.

E. Barrett-Connor, D. Goodman-Gruen, Prospective study of
endogenous sex hormones and fatal cardiovascular disease in
postmenopausal women, B.M.J. 311 (1995) 1193-1196.

E. Barrett-Connor, D. Goodman-Gruen, Dehydroepi-
androsterone sulfate does not predict cardiovascular death in
postmenopausal women. The Rancho Bernardo Study,
Circulation 91 (1995) 1757-1760.

T.K. Chou, K. Sudhir, S.J. Hutchison, E. Ko, T.M. Amidon,
P. Collins, K. Chatterjee, Testosterone induces dilation of



184

[62]

[63]

[64]

S.R. Davis | Journal of Steroid Biochemistry and Molecular Biology 69 (1999) 177-184

canine coronary conductance and resistance arteries in vivo,
Circulation 94 (1996) 2614-2619.

G. Secreto, P. Toniolo, P. Pisani, C. Recchione, A. Cavalleri,
G. Farisella, A. Totis, S. Di Petro, Androgens and breast
cancer in menopausal women, Cancer Res. 49 (1989) 471-
1476.

G. Secreto, P. Toniolo, E. Berrino, C. Recchione, A. Cavalleri,
P. Pisani, A. Totis, G. Farisella, S. Di Petro, Serum and urin-
ary androgens and risk of breast cancer in postmenopausal
women, Cancer Res. 51 (1991) 2572-2576.

C. Recchione, E. Venturelli, A. Manzari, A. Cavalteri, A.

[65]

[66]

Martinetti, G. Secreto, Testosterone, dihydrotestosterone and
oestradiol levels in postmenopausal breast cancer tissues, J.
Steroid Biochem. Mol. Biol. 52 (1995) 541-546.

R.M. Bryan, R.J. Mercer, G.C. Renni, T.H. Lie, F.J. Morgan,
Androgen receptors in breast cancer, Cancer 54 (1984) 2436—
2440.

M. Buckler, C.A. Evans, H. Mamtora, H. Burger, D.C.
Anderson, Gonadotrophin steroid and inhibin levels in women
with incipient ovarian failure during anovulatory and ovula-
tory, menstrual cycles, J. Clin. Endocrinol. Metab. 72 (1991)
116-124.



