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Abstract

The role of androgen treatment in women remains controversial. The proposed “Female Androgen Insufficiency Syndrome” (Fertility
and Sterility, April 2002) describes a number of non-specific symptoms including unexplained fatigue, decreased well being/dysphoric
mood and/or blunted motivation and diminished sexual function. An estimated 40% of women experience sexual dysfunction, highlighting
the need for ongoing research into this field in order to fully define the possible contribution of androgen insufficiency. The increasing
availability of products, such as dehydroepiandrosterone (DHEA) supplements also points to the need for controlled studies to assess the
safety of these and other preparations.

Measurement of androgens in women requires sensitive assays with the ability to detect low levels and a narrow range with precision.
Normal ranges of androgens for women of reproductive and post-reproductive age remain poorly defined. Debate exists as per importance
of measurement of free versus total testosterone, with the ‘free androgen index’ offering an alternative method of assessment of testosterone
availability.

Testosterone treatment is being developed for women in the form of transdermal patches, gels or cream, with percutaneous implants in
common usage in some countries. Recent research has highlighted alternative means of administration, such as oral inhalation or bucca
lozenge. DHEA is widely available in some countries. Research to date has demonstrated improvements in libido and sexual function,
mood and well being. Evidence points to other potential benefits of androgen treatment, including preservation of bone mass, a possible
protective role in breast cancer and beneficial effects on cognition.

Adverse effects of androgen treatment in women are dose-dependent and include virilisation, mood disturbance and acne. These are
uncommon if appropriate doses are administered and highlight the need for treatment to be closely monitored clinically and biochemically.
Beneficial effects of testosterone treatment in post-menopausal women with lowered androgen levels have been well documented, and
preliminary evidence suggests a role for treatment in pre-menopausal women with symptoms and lowered testosterone levels.
© 2003 Elsevier Ltd. All rights reserved.

The level of interest in the role of androgens in men pathologies as diverse as breast cancer, osteoporosis or even
and women remains high, both in the scientific community cognitive decline. As such the further definition of the role
and the general public. The increasingly ageing population of androgens in both men and women, beyond the areas
in developed nations has been associated with emphasi®f growth and sexual differentiation, remains a research
on preservation of youth, memory and sexual function. priority.

As such a number of different androgen preparations have Androgen production in women is ovarian and adrenal
been marketed for men and women, with varying levels of based. The principle androgens, in order of increasing
evidence to support their use. The scientific literature to potency, include dehydroepiandrosterone (DHEA), dehy-
date has focused on defining the physiological roles of an- droepiandrosterone sulfate (DHEAS), androstenedione and
drogens in men, whilst the actions of androgens in women testosterone. The ovaries and adrenal glands vary in terms of
remain less well understood. There is increasing evidencetheir absolute contributions to the total androgen pool. Evi-
for widespread anatomical distribution of androgen recep- dence suggests that the ovaries and adrenals contribute 50%
tors in women, in areas as diverse as breast, bone and braineach to the total testosterone and androstenedione [@}els
This widespread distribution of receptors indicates that an- whereas more than 90% of DHEAS has been estimated to
drogens and their metabolites may have important roles in originate from the adrenal®]. Our current understanding
of androgen metabolism is based on measuring serum levels

- of these hormones and their metabolites, however the less
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we still do not know to what degree androgen action occurs ered mood or well being. The body of evidence for these
via aromatisation to estrogen. Clinical studies currently in consequences, and indeed the existence of a clinically rel-
progress aim to specifically address this area. evant androgen deficient state in women, is limited, and
Debate currently exists over which method is best for current studies aim to determine if there is a link between
analysing female testosterone levels, and also the impor-lowered androgen levels in women and these clinical and
tance of measurement of free versus total testosteronepsychological features.
Given that 66% of testosterone is bound to SHBG in  The known causes of androgen deficiency in women can
women, and that only 1-2% of testosterone is estimated be broadly grouped as being those due to ageing versus those
to be free or biologically available, any factor influencing due to pathological/iatrogenic processes. In terms of changes
SHBG levels will consequently affect testosterone levels with ageing, we currently lack normative data for androgen
[3]. Oral estrogen and thyroxine are known to increase levels from the early reproductive to the post-menopausal
SHBG, whereas obesity, growth hormone, hyperinsulinemia years. This area is currently being examined by members of
and glucocorticoids all decrease SHBG. Free testosteroneour group. Some debate exists as to the timing of the de-
reflects biologically available testosterone, yet the accuracycline in androgen levels with age in women, with the cur-
of analogue assays for free testosterone has been questione@nt evidence suggesting that the fall in androgens is not as
[4]. A ratio of total testosterone to SHBG, namely the “free clearly defined as the sharp fall in oestradiol at menopause,
androgen index” has been proposed as one means of calas perhaps may be expected with the decline in general
culating bioavailable testosterone in females, however this ovarian function at this time. In terms of testosterone, re-
has not been adequately studied in women to date. cent evidence suggests that the fall begins as early as the
Inherent to the lack of understanding of the role of an- third decade in womefi7,8] with a gradual decline there-
drogens in women is the difficulty with current biochemical after. Others have reported a lack of change in testosterone
methods of androgen estimation. Assays for estimation of levels across the menopausal transit[@h There is evi-
testosterone, for example, are generally designed to ac-dence that there is no further decline in testosterone after
curately estimate the much higher levels of testosterone menopause, with a suggestion that there is a slight increase
present in males. Testosterone levels in women have beerpostmenopausally, possibly due to ongoing stimulation of
estimated to be approximately one tenth of the levels in the ovary by relatively high levels of luteinizing hormone
men[1] and lie within a narrow range. Research over recent [10]. This finding has recently been challenged by Couzinet
years has attempted to more accurately estimate femaleet al. who conversely described a lack of evidence for ongo-
levels, using various assays. The gold-standard for freeing androgen production by the post-menopausal oy
testosterone estimation is considered to be via equilibrium Evidence for an age-related decline in dihydrotestosterone
dialysis [4]. Sinha-Hikim et al. estimated circulating free (DHT), DHEAS and androstenedione is such that the most
testosterone levels over the normal menstrual cycle for 34 recent evidence suggests a fall from the third decade, as re-
healthy women using equilibrium dialysis, reporting means ported for testosterori&]. Age related falls in DHEAS have
of 1.2 + 0.7 nmol/l for total, and 18 + 5.5 pmol/l for free been previously reported in both men and women, with the
testosterong5]. A 20-30% pre-ovulatory increase prior slope of decline being steeper in women as compared to men
to the LH peak was seen for both total and free testos-[12,13]
terone. This means of measuring testosterone is costly and Pathological or iatrogenic causes of androgen deficiency
time-consuming, and as such is not widely available. The in women include: hypopituitarism, adrenal insufficiency,
challenge therefore is to determine which alternative assayovarian insufficiency or removal, medications, HIV infec-
can accurately and precisely measure female testosterondion, and hypothalamic “stress”. Miller et al. reported de-
levels, in the least time and for the least monetary cost. creased levels of testosterone, DHEAS and androstenedione
The pursuit of accurately characterising female lev- in hypopituitary women compared to healthy controls. In
els of androgens is central to defining the controversial addition, a lack of the mid-cycle increase in free testosterone
“Female Androgen Insufficiency Syndrome”. Described was seen in pre-menopausal women with hypopituitarism
by a team of international investigators with an interest in compared to controlgl4].
this area, the ‘Princeton Consensus Statement’ outlines a Others have reported a 50% or greater fall in testosterone
number of non-specific symptoms thought to characterise and androstenedione following removal of both ovaries,
this proposed syndronié]. These include: decreased well suggesting the ovaries and adrenal glands equally share pro-
being/dysphoric mood and/or blunted motivation; persis- duction of these androgens, at least premenopauldly
tent, unexplained fatigue, and sexual dysfunction including Levels of both total and free testosterone have been found
lowered libido, sexual receptivity or pleasure. In addition, a to be lower in women infected with HIV versus healthy
number of potential clinical features are outlined, including women[5]. Medications in widespread use which can cause
decreased bone mineral density, decreased muscle strengtta reduction in androgen levels include oral oestrogen and
and changes in cognition and memory. The consequencegjlucocorticoidq2].
of androgen deficiency in men are well-characterised, and Although the proposed syndrome of female andro-
include osteopenia, changes in body composition and low- gen insufficiency remains controversial, various authors
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have reported on the benefits of androgen treatment in estrogens in ovarian and peripheral venous blood, J. Clin. Endocrinol.
women, with the bulk of studies having been performed in 39 (1974) 1020-1025. o _

post-menopausal women. Debate exists as to whether the[Z] G.E. Abraham_, Ovarian and adrenal contr_lbunon to_ peripheral
benefits seen from treatment with testosterone represent a androgens during the menstrual cycle, J. Clin. Endocrinol. Metab.

s s : =P 39 (1974) 340-346.

physiological versus a pharmacological effect, with some [3] J.F. Dunn, B.C. Nisula, D. Rodboard, Transport of steroid hormones.
studies using supraphysiological doses of various andro-  Binding of 21 endogenous steroids to both testosterone-binding
gens. In terms of sexuality, benefits have been reported for globulin and cortico-steroid-binding globulin in human plasma, J.

. - - Clin. Endocrinol. Metab. 53 (1981) 58-68.
testosterone administered sublingualh6], via subcuta- [4] A. Vermeulen, L. Verdonck, J.M. Kaufman, A critical evaluation of

neous pellef17], injeCtion[ls_] anq tranSderm_al patdhg], _ simple methods for the estimation of free testosterone in serum, J.
and also for DHEA at physiological doses in women with Clin. Endocrinol. Metab. 84 (10) (1999) 3666-3672.
adrenal insufficiency20]. [5] I. Sinha-Hikim, S. Arver, G. Beall, R. Shen, M. Guerrero, F. Sattler,

Recently benefits in terms of sexual function have been ~ &: Shikuma, J.C. Nelson, B.-M. Landgren, N.A. Mazer, S. Bhasin,
The use of sensitive equilibrium dialysis method for the measurement

reported for pre'menOpaqS.al women, _usmg transdermal of free testosterone levels in healthy, cycling women and in human
testosterone creaf1]. Positive changes in mood and well immunodeficiency virus-infected women, J. Clin. Endocrinol. Metab.
being have been reported for oral DHEA use in women with 83 (4) (1998) 1312-1318.

adrenal insufficiency20] and the transdermal testosterone [6] G.A. Bachmann, J. Bancroft, G. Braunstein, H. Burger, S.R. Davis,
patch[lg] L. Dennerstein, I. Goldstein, A. Guay, S. Leiblum, R. Lobo, M.

. . . Notelovitz, R. Rosen, P. Sarrel, B. Sherwin, J. Simon, E. Simpson,
In combination with estrogen, testosterone has been J. Shifren, R. Spark, A. Traish, Female androgen insufficiency:

found to improve bone mineral density, when adminis- The Princeton Consensus Statement on definition, classification and
tered orally as methyltestosterof#&2], or via subcutaneous assessment, Fertil. Steril. 77 (660) (2002) 660-665.
testosterone pell¢L7]. Similarly, intramuscular nandrolone ~ [71 S-R. Davis, H. Schneider, D. Sarti, M. Rees, H. Van Lunsen,

. T . . Androgen levels in normal and oophorectomized women, in:
use has been associated with increases in bone mineral Proceedings of the 10th International Congress on the Menopause,

de_n_sity[2_3,24]. Body composition changes following ad- Berlin, 2002.
ministration of androgens are such that members of our [8] B. Zumoff, G.W. Strain, L.K. Miller, W. Rosner, Twenty-four hour
group reported an increase in fat-free mass with concomi- mean plasma testosterone concentrations declines with age in normal

tant use of subcutaneous estradiol and testosterone pellets ELZ”;GQZSS“SE" women, J. Clin. Endocrinol. Metab. 80 (4) (1995)

[25], with another study reporting increased lean weight [9] H.G. Burger, E.C. Dudley, J. Cui, L. Dennerstein, J. Hooper,

following nandrolone treatmerj26]. In terms of absolute A prospective longitudinal study of serum testosterone, dehydroe-
cardiovascular risk, only surrogate markers have been stud-  piandrosterone sulfate, and sex hormone-binding globulin levels
ied in relation to androgen treatment in women, in the form through the menopause transition, J. Clin. Endocrinol. Metab. 85

o : o L (2000) 2832-2838.
of lipid profile and endothelial dilatation. A reduction in [10] M.R. Jiroutek, M.H. Chen, C.C. Johnston, C. Longcope, Changes in

HDL has been reported with oral use of DHE20] and reproduction hormones and sex hormone-binding globulin in a group
methyltestosteronf27]. In direct contrast with these find- of post-menopausal women measured over 10 years, Menopause
ings, transdermal or subcutaneous deliveries of testosterone 5 (2) (1998) 90-94.

have both been associated with no blunting of the positive [11] B. Couzinet, G. Meduri, M. Lecce, J. Young, S. Brailly, H. Loosfelt,

. .. . The post-menopausal ovary is not a major androgen producing gland,
effects of estradiol on the lipid profild.9,25] 3. Clin. Endocrinol. Metab, 86 (2001) 5060-5065.

Oral androgens administered to women include DHEA, [12] B. Zumoff, R.S. Rosenfeld, G.W. Strain, Sex differences in the 24 h
testosterone undecanoate and methyltestosterone. The agent mean plasma concentrations of dehydroisoandrosterone (DHA) and
tibolone, although primarily a progesterone, has weakly an- dehydroisoandrosterone sulfate (DHAS) and the DHA to DHAS ratio

: _ : _ in normal adults, J. Clin. Endocrinol. Metab. 51 (1980) 330-334.
drogenic effects. Non-oral forms of androgens include nan [13] F. Labrie, A. Belanger, L. Cusan, J-L. Gomez, B. Candas,

drolone, intramuscular testosterone esters and subcutaneous Marked decline in serum concentrations of adrenal C19 sex steroid
testosterone pellets. Transdermal testosterone cream, gel and  precursors and conjugated andrgoen metaboliltes during aging, J.
patch are currently the subject of clinical studies. The ideal Clin. Endocrinol. Metab. 82 (8) (1997) 2396-2402.

androgen preparation for use in women will combine safety, [14] K. Miller, G. Sesmilo, A. Schiller, D. Schonfeld, S. Burton, A.

.. . . . . . Klibanski, Androgen deficiency in women with hypopituitarism, J.
clinical efficacy, and will reliably maintain androgen lev Clin. Endocrinol. Metab. 86 (2) (2001) 561-567.

els within the female normal range. Adverse effects from [15] H.L. Judd, W.E. Lucas, S.S.C. Yen, Effect of oopherectomy on
androgen use in females have included excess hair growth, circulating testosterone and androstenedione levels in patients with
acne, virilisation and alterations in voice. These have been  endometrial cancer, Am. J. Obstet. Gynecol. 118 (6) (1974) 793-798.

reported mostly with administration of supraphysiological [16] A Tuiten, J. Von Honk, H. Koppeschaar, C. Bemaards, J. Thijssen,
R. Verbaten, Time course of effects of testosterone administration on
doses of androgens.

sexual arousal in women, Arch. Gen. Psychiatry 57 (2000) 149-153.
[17] S.R. Davis, P.I. McCloud, B.J.G. Strauss, H.G. Burger, Testosterone
enhances estradiol’s effects on post-menopausal bone density and
sexuality, Maturitas 21 (1995) 227-236.
[18] B.B. Sherwin, M.M. Gelfand, Effects of parental administration of
estrogen and androgen on plasma hormone levels and hot flushes
[1] H.L. Judd, G. Judd, W.E. Lucas, S.S.C. Yen, Endocrine function in the surgical menopause, Am. J. Obstet. Gynecol. 148 (5) (1984)
of the post-menopausal ovary. Concentrations of androgens and 552-557.

References



366 SL. Davison, SR. Davis/ Journal of Steroid Biochemistry & Molecular Biology 85 (2003) 363-366

[19] J.L. Shifren, G. Braunstein, J. Simon, P. Casson, J.E. Buster, R.E. addition of nandrolone decanoate, J. Bone Min. Res. 9 (2) (1994)

Red Burki, E.S. Ginsburg, R.C. Rosen, S.R. Leiblum, K.E. Caramelli, 277-283.
N.A. Mazer, Transdermal testosterone treatment in women with [24] L. Flicker, J.L. Hopper, R.G. Larkins, M. Lichtenstein, G. Buirski,
impaired sexual function after oophorectomy, N. Eng. J. Med. J.D. Wark, Nandrolone decanoate and intranasal calcitonin as therapy
343 (10) (2000) 682-688. in established osteoporosis, Osteoporos. Int. 7 (1) (1997) 29-
[20] W. Arlt, F. Callies, J.C. Van Vlijmen, |. Koehler, M. Reincke, M. 35.
Bidlingmaier, Dehydroepiandrosterone replacement in women with [25] S.R. Davis, K.Z. Walker, B.J. Strauss, Effects of estradiol with and
adrenal insufficiency, N. Eng. J. Med. 341 (14) (1999) 1013-1020. without testosterone on body composition and relationships with
[21] R. Goldstat, E. Briganti, J. Tran, R. Wolfe, S. Davis, Transdermal lipids in post-menopausal women, Menopause 7 (2000) 395-401.
testosterone improves mood, well being and sexual function in [26] J.C. Lovejoy, F.A. Bray, M.O. Bourgeois, R. Macchiavelli, J.C.
premenopausal women. Menopause (2003), in press. Rood, C. Greesen, C. Partington, Exogenous androgens influence
[22] E. Barrett-Connor, R. Young, M. Notelovitz, J. Sullivan, et body composition and regional body fat distribution in obese
al., A 2-year, double-blind comparison of estrogen-androgen and post-menopausal women—a clinical research center study, J. Clin.
conjugated estrogens in surgically menopausal women. Effects on Endocrinol. Metab. 81 (1996) 2198-2203.
bone mineral density, symptoms and lipid profiles, J. Reprod. Med. [27] L.G. Raisz, B. Witta, A. Artis, A. Bowen, S. Schwartz, M. Trahiotis,
44 (12) (1999) 1012-1020. K. Shoukri, Comparison of the effects of estrogen alone and estrogen
[23] R.J. Erdtsieck, H.A. Pols, C. van Kuijk, D.H. Birkenhager-Frenkel, plus androgen on biochemical markers of bone formation and
J. Zeelenberg, P.P. Kooy, P. Mulder, J.C. Birkenhager, Course of resorption in post-menopausal women, J. Clin. Endocrinol. Metab.

bone mass during and after hormonal replacement with and without 81 (1996) 37-43.



