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Objective: To update practice guidelines for the therapeutic use of androgens in women.

Participants: A Task Force appointed by the Endocrine Society, American Congress of Obestricians
and Gynecologists (ACOG), American Society for Reproductive Medicine (ASRM), European Society
of Endocrinology (ESE), and International Menopause Society (IMS) consisting of six experts, a
methodologist, and a medical writer.

Evidence: The Task Force commissioned two systematic reviews of published data and considered
several other existing meta-analyses and trials. The GRADE methodology was used; the strength
of a recommendation is indicated by a number “1” (strong recommendation, we recommend) or
“2” (weak recommendation, we suggest).

Consensus Process: Multiple e-mail communications and conference calls determined consensus.
Committees of the Endocrine Society, ASRM, ACOG, ESE, and IMS reviewed and commented on the
drafts of the guidelines.

Conclusions: We continue to recommend against making a diagnosis of androgen deficiency syn-
drome in healthy women because there is a lack of a well-defined syndrome, and data correlating
androgen levels with specific signs or symptoms are unavailable.

We recommend against the general use of T for the following indications: infertility; sexual dys-
function other than hypoactive sexual desire disorder; cognitive, cardiovascular, metabolic, or
bone health; or general well-being.

We recommend against the routine use of dehydroepiandrosterone due to limited data concern-
ing its effectiveness and safety in normal women or those with adrenal insufficiency.

We recommend against the routine prescription of T or dehydroepiandrosterone for the treatment
of women with low androgen levels due to hypopituitarism, adrenal insufficiency, surgical meno-
pause, pharmacological glucocorticoid administration, or other conditions associated with low
androgen levels because there are limited data supporting improvement in signs and symptoms
with therapy and no long-term studies of risk.

Evidence supports the short-term efficacy and safety of high physiological doses of T treatment of post-
menopausal women with sexual dysfunction due to hypoactive sexual desire disorder. Importantly, en-
dogenous T levels did not predict response to therapy. At present, physiological T preparations for use in
women are not available in many countries including the United States, and long-term safety data are
lacking. We recommend that any woman receiving T therapy be monitored for signs and symptoms of
androgen excess.

We outline areas for future research. Ongoing improvement in androgen assays will allow a re-
definition of normal ranges across the lifespan; this may help to clarify the impact of varying
concentrations of plasma androgens on the biology, physiology, and psychology in women and
lead to indications for therapeutic interventions. (J Clin Endocrinol Metab 99: 3489–3510, 2014)
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Summary of Recommendations

1.0 Diagnosis of Androgen Deficiency
1.1 We recommend against making a clinical diagnosis

of androgen deficiency syndrome in healthy women be-
cause there is a lack of a well-defined syndrome, and data
correlating androgen levels with specific signs or symp-
toms are unavailable (1�QQEE).

2.0 Generalized Treatment of Women with
Testosterone or Dehydroepiandrosterone (DHEA)

2.1 We recommend against the generalized use of T by
women for infertility; sexual dysfunction (except for a spe-
cific diagnosis of hypoactive sexual desire disorder
(HSDD); see recommendation4.1), cognitivedysfunction,
cardiovascular dysfunction, metabolic dysfunction, bone
health, or well-being. There are no clear indications for
these uses, and evidence of safety in long-term studies is
lacking (1�QQEE). In addition, government agency–ap-
proved and monitored dose-appropriate preparations are
not widely available.

2.2 We recommend against the generalized use of
DHEA for women because the indications are inadequate,
and evidence of efficacy and long-term safety are lacking
(1�QQEE).

3.0 Treatment of Women with Low Androgen
Levels

3.1 We recommend against the routine treatment of
women with low androgen levels due to hypopituitarism,
adrenal insufficiency, bilateral oophorectomy, or other
conditions associated with low androgen levels because of
the lack of adequate data supporting efficacy and/or long-
term safety (1�QEEE).

3.2 We recommend against routinely measuring T in
women for diagnosis, because a correlation between
symptoms and T levels has not been established
(1�QEEE).

3.3 We recommend against the routine use of DHEA
therapy in women with adrenal insufficiency because data
concerning its effectiveness and safety are limited
(1�QEEE).

4.0 Testosterone Therapy for Women with HSDD
4.1 We suggest a 3- to 6-month trial of a dose of T for

postmenopausal women who request therapy for properly
diagnosed HSDD and in whom therapy is not contrain-

dicated resulting in a midnormal premenopausal value in
a reference assay to avoid pharmacological T administra-
tion (2�QQEE).

4.2 If T therapy is prescribed, we suggest measuring T
levels at baseline and after 3–6 weeks of initial treatment
to assess patient overuse (2�QQEE).

4.3 In cases of ongoing T therapy, we suggest reviewing
T levels every 6 months to monitor for excessive use and
signs of androgen excess (2�QQEE).

4.4 We suggest cessation of T therapy for women who
have not responded to treatment by 6 months (2�QQEE).
No safety and efficacy data for T therapy are available
after 24 months (Table 1).

5.0 Androgen Therapy and Monitoring
5.1 We suggest against the treatment of women with T

preparations formulated for men or those formulated by
pharmacies due to a lack of data concerning efficacy and
safety of these preparations in women (2�QEEE).

5.2 If a woman is to be given a trial of T therapy, we
suggest checking baseline T level and the use of an ap-
proved non-oral preparation for women (such as a trans-
dermal patch, gel, or cream) if such a treatment is available
(2�QEEE).

5.3 We suggest monitoring T levels 3–6 weeks after
initiation of therapy and every 6 months thereafter to as-
sess for patient overuse or signs of androgen excess
(2�QEEE).

5.4 We suggest cessation of therapy for women who
have not responded to treatment by 6 months. Safety and
efficacy data for T therapy in women are not available
beyond 24 months (2�QEEE).

Method of Development of
Evidence-Based Clinical Practice Guidelines

The guideline follows the framework of the Grading of
Recommendations, Assessment, Development, and

Evaluation (GRADE) Working Group (1). In this frame-
work, guideline developers rate their confidence in the
evidence (in the estimates) into four categories: very low,
low, moderate, and high. Randomized trials start with
high ratings, whereas observational (nonrandomized)
studies start with low ratings. Factors other than study
design can affect confidence in the evidence. Confidence
can decrease (the ratings are lowered) with increased risk
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of bias (studies have methodological limitations), incon-
sistency across studies (different studies provide different
estimates of effect), indirectness (available studies enrolled
patients who are different from those targeted by the
guideline or evaluated surrogate outcomes of lower
clinical importance), publication bias (there is evidence
of unpublished studies with likely different findings),
and imprecision (studies with small numbers of patients
producing imprecise and uncertain estimates with wide
confidence intervals). Other factors can increase confi-
dence in evidence (increase the rating), such as finding
a large effect size or a dose-response relationship be-
tween the exposure and the outcome, or identifying pos-
sible confounders and biases that may strengthen the
association (2).

Guideline developers consider the quality of the evi-
dence (confidence in the estimates) when determining the
strength of a recommendation. They also consider the bal-
ance between benefits and harms, patients’ values and
preferences, cost and resource utilization, availability of
technology and health services, and implementation bar-
riers. The recommendations according to the GRADE
framework are either strong (GRADE 1) or weak
(GRADE 2) (3).

The strength of recommendations leads to different
practical implications. Strong recommendations are those
in which guideline developers are confident that the rec-
ommendation should be applied consistently to most pa-
tients. These recommendations are less likely to change in
the future and are suitable for quality improvement mea-
sures. Weak recommendations are conditional recom-
mendations that may not apply to all patients; variation in
implementing these recommendations is acceptable.
Strong recommendations are typically reserved for situa-
tions when the confidence in the estimates is moderate or
high. The exception to this rule may occur when the ben-
efit of an intervention is supported by low-quality evi-
dence and guideline developers recommend against using
the intervention because of concern about cost or harm
(4). In this guideline, the Task Force recommended against
using androgens in settings with unproven benefit (low-
quality evidence) and concern about harm and cost (rec-
ommendations 1.0, 2.1, 2.2, 3.1, 3.2, and 3.3). Future
research may change these recommendations. At present,
nonevidence factors, such as patient values, preferences,
and context, should play a major role in determining how
and when to apply them.

The Endocrine Society maintains a rigorous conflict-
of-interest review process for the development of clinical
practice guidelines. All Task Force members must declare
any potential conflicts of interest, which are reviewed be-
fore the members are approved to serve on the Task Force

and periodically during the development of the guideline.
The conflict-of-interest forms are vetted by the Clinical
Guidelines Subcommittee before the members are ap-
proved by the Society’s Council to participate on the
guideline Task Force. Participants in the guideline devel-
opment must include a majority of individuals without
conflict of interest in the matter under study. Participants
with conflicts of interest may participate in the develop-
ment of the guideline, but they must have disclosed all
conflicts. The Clinical Guidelines Subcommittee and the
Task Force have reviewed all disclosures for this guideline
and resolved or managed all identified conflicts of interest.

Conflicts of interest are defined by remuneration in any
amount from the commercial interest(s) in the form of
grants; research support; consulting fees; salary; owner-
ship interest (eg, stocks, stock options, or ownership in-
terest excluding diversified mutual funds); honoraria or
other payments for participation in speakers’ bureaus, ad-
visory boards, or boards of directors; or other financial
benefits. Completed forms are available through the En-
docrine Society office.

Funding for this guideline was derived solely from the
Endocrine Society, and thus the Task Force received no
funding or remuneration from commercial or other
entities.

Introduction and Background

When the last version of this guideline was published (5),
we outlined the lack of widely available, accurate, and
sensitive assays for T. Since then, accurate and sensitive
methods based on tandem mass spectrometry have be-
come more accessible, and a reference method and refer-
ence standards have become available at the Centers for
Disease Control and Prevention (http://www.cdc.gov/
labstandards/hs.html (6). These more accurate methods
have facilitated reexamination of old observations and
development of new ones. It should be appreciated that,
although the wider use of mass spectrometry-based meth-
ods has generated more exacting results, all such methods
do not necessarily yield identical answers (7–9). More im-
portant is the calibration of the assay against an agreed-
upon standard (10).

Testosterone levels across the menstrual cycle
A number of investigators have evaluated plasma T

concentrations across the menstrual cycle. In one study, 25
women had blood drawn daily across a menstrual cycle
(11). T was assayed by isotope dilution gas chromatogra-
phy mass spectrometry, a method concordant with a pub-
lished reference method; there was a small, statistically
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significant increase in T levels midcycle. In two other stud-
ies (12, 13), analysis of samples from the follicular phase,
midcycle, and luteal phase of the cycle from 31 and 161
women showed a similar, significant midcycle increase in
T. Thus, it is fair to conclude that plasma T is modestly
affected by menstrual stage and that several samples or
timed samples with normative ranges across the cycle
should be obtained for clinical reliability.

Testosterone levels with aging
Total and free T decline progressively with reproduc-

tive aging (14–21). In the late reproductive years, there is
failure of the modest midcycle rise in free T that charac-
terizes young ovulating women. This occurs despite pres-
ervation of normal free T levels at other phases of the cycle.
Most prospective studies have not shown significant
changes in T across menopause (14–18). Only one study,
which followed women longitudinally through the meno-
pausal transition, noted a small but significant decrease in
T levels (19).

Although the variation in plasma T has been addressed
above, data were obtained in a recent cross-sectional study
of 985 women, ages 20–80 years, who had blood drawn
without regard to the stage of the menstrual cycle; to date,
this is the largest study of serum T across age using liquid
chromatography tandem mass spectrometry (20). Al-
though the median value of T decreased in menopause, the
range was large, and the overlap with menstruating
women was substantial. The between-woman variability
was great in this study, as in others (20, 21). Some vari-
ability in results depended on patient selection, menstrual
variation, or other unmentioned differences. Overall, age
was best correlated with change in T level (20). In sum-
mary, circulating T levels do not distinguish women in
their late reproductive years from naturally postmeno-
pausal women in the first decade after menopause.

Free testosterone measurement
In plasma, T circulates bound to three proteins; SHBG

and albumin are the primary ones, whereas corticosteroid-
binding globulin binds less than 5% of the total that is
bound (22). There are a number of ways to estimate free
T. The most commonly used way is to calculate free T,
which depends upon the concentrations of total T, total
SHBG, and total albumin as well as the dissociation con-
stant between SHBG and T and between albumin and T
(23, 24). Although the dissociation constant for SHBG-T
is about 10�9

M, this number is not universally agreed
upon. In addition, there is no universally agreed upon
SHBG standard. Furthermore, there is some disagreement
as to how to make the calculation (23, 25–29). Despite
these difficulties, the calculated value of T is widely used

and is often comparable with measured values (24, 28).
The most reliable ways to measure free T are by equilib-
rium dialysis (24, 26–30) or ultrafiltration (30). The direct
immunoassays for free T are simple and relatively inex-
pensive, but this methodology is seriously flawed and can-
not be recommended (31, 32). Although not as prevalent
as they were just 2–3 years ago, these assays are still widely
in use; it falls upon the clinician to be aware of the source
of the values reported.

Dehydroepiandrosterone sulfate (DHEAS)
measurement

Unlike the case for T, we are unaware of comparisons
of the measurement of DHEAS between a mass spectrom-
etry-based method and a variety of immunoassays. How-
ever, at least for two widely available immunoassays, the
correspondence between these immunoassays and liquid
chromatography mass spectrometry was poor (33, 34);
thus, caution should be taken with regard to published
absolute values of this steroid (35).

Changes in DHEAS across the lifespan
Although androstenedione, DHEAS, and dehydroepi-

androsterone (DHEA) are often referred to as adrenal an-
drogens, they are not. They are prohormones, which do
not activate the androgen receptor but rather may be con-
verted to active androgens. Cross-sectional studies have
reported a linear decline in androstenedione and DHEAS
with age (19, 36–38). The Melbourne Women’s Midlife
Health Project followed reproductive hormones for 7
years in 192 women aged 45–55 years. They observed a
1.5% decline in DHEAS with every year of age, but no
relationship of DHEAS to the final menstrual period (16).
In the SWAN cohort, DHEAS decreased on average by
2.81% per year, but a late perimenopausal increase in
DHEAS of 3.95% was observed in most women when the
data were organized by menopausal status (pretransition,
early transition, or late transition) (39). This late peri-
menopausal rise in DHEAS was also seen in 81 women
who had undergone bilateral oophorectomy (40). The
physiological role of changes in DHEAS during this tran-
sition is unclear.

Androgens and prohormones in tissues
Although all the preceding discussions are centered on

plasma androgens, ultimately hormone action takes place
in cells. Dihydrotestosterone (DHT), rather than T, is the
active androgen in three important target tissues in
women, including skin, labia majora, and clitoris. The
ratioofDHTtoT in those tissues is approximately2:1 (41)
as opposed to those in plasma where the ratio is about
0.3:1 (20). Thus, although plasma T, rather than plasma
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DHT, serves as the major source of tissue DHT, clinical
androgenization in women is generally not accompanied
by increases in plasma DHT. The administration of DHEA
results in dose-dependent increases in circulating T, DHT,
and estrogens in women, whereas in men only circulating
estrogens increase after DHEA therapy (41, 42). Because
DHEA and its sulfate circulate in high concentrations,
they may provide a precursor reservoir for tissue-specific
conversion to sex steroids.

1.0 Diagnosis of Androgen Deficiency

1.1 We recommend against making a clinical diagnosis of
androgen deficiency syndrome in healthy women because
there is a lack of a well-defined syndrome and data cor-
relating androgen levels with specific signs or symptoms
are unavailable (1�QQEE).

Evidence
The definition of androgen deficiency is not simple. A

definition of plasma androgen levels below the lower limit
of normal for age and sex is confounded by the facts that
androgen levels fall with age and such a change neither is
necessarily abnormal nor requires correction. This issue is
further compounded by both the lack of standardized,
accurate assays for androgens at the low levels found in
women and the lack of valid reference ranges for women.
Is there an androgen deficiency syndrome in women? Do
low levels of plasma androgens result in deleterious clin-
ical consequences? Experimental models to investigate
this question include both large observational studies to
examine correlations between androgen levels and clinical
observations as well as small, randomized, placebo-con-
trolled studies that examine the effects of androgen ther-
apy in women with a defined cause of androgen deficiency,
eg, bilateral oophorectomy or hypopituitarism. It remains
unclear whether androgen deficiency due to a defined
cause, ie, loss of adrenal and/or ovarian androgen pro-
duction inappropriate for age, is associated with abnor-
malities in sexual function, mood, body composition, or
other yet-to-be-determined outcomes. Further studies are
needed to establish definitively whether an androgen de-
ficiency syndrome exists in women and whether androgen
therapy ameliorates this condition.

2.0 Generalized Treatment of Women with
Testosterone or DHEA

2.1 We recommend against the generalized use of T by
women for infertility, sexual dysfunction (except for a spe-
cific diagnosis of HSDD; see recommendation 4.1); cog-

nitive dysfunction, cardiovascular dysfunction, metabolic
dysfunction, bone health, or well-being. There are no clear
indications for these uses, and evidence of safety in long-
term studies is lacking (1�QQEE). In addition, government
agency-approved and monitored dose-appropriate prep-
arations are not widely available.

2.2 We recommend against the generalized use of
DHEA for women because the indications are inadequate
and evidence of efficacy and long-term safety are lacking
(1�QQEE).

Evidence

Androgens and infertility
DHEA is an important precursor for the ovarian intra-

follicular production of T. Ovarian androgens are pro-
duced by the thecal cells under the control of LH. Al-
though androgen excess is characterized by the ovarian
production of multiple follicles, androgen insufficiency
appears to be associated with inadequate follicular devel-
opment (43). In rhesus monkeys, treatment with DHT or
T augments follicular FSH receptor expression in ovarian
granulosa cells (43). Androgens also synergize with FSH in
promoting initiation of primordial follicle growth, in-
creasing the number of growing preantral and small antral
follicles, and increasing granulosa cell proliferation.
Therefore, androgen supplementation might be useful for
increasing follicular recruitment in assisted reproductive
technology cycles.

In poor responders undergoing ovarian stimulation for
in vitro fertilization (IVF), a meta-analysis concluded that
pretreatment with transdermal T was associated with sig-
nificant increases in clinical pregnancy (risk difference,
15%; 95% confidence interval [CI], 3–26) and live birth
rates (risk difference, 11%; 95% CI, 0.3–22) (44). Despite
a suggestion of benefit of DHEA supplementation for poor
IVF responders (45), a meta-analysis reported no clear
beneficial effect on pregnancy rates after IVF treatment
with DHEA or aromatase inhibitors during ovarian stim-
ulation (44, 46). The limitations of the studies of androgen
supplementation in IVF/intracytoplasmic sperm injection
include small numbers of participants and the use of doses
resulting in pharmacological T levels in the male range
(44). Further well-designed RCTs are needed to evaluate
the efficacy of lower doses of DHEA and/or T therapy in
women with low ovarian reserve (low responders) to IVF/
intracytoplasmic sperm injection).

Androgens and bone
Androgen levels correlate with trabecular and cortical

bone mineral density (BMD) in women, particularly in the
late postmenopausal period (47). The effects of low-dose
androgen administration with or without estrogens on
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BMD have been studied in several conditions known to be
associated with bone loss, including menopause, anorexia
nervosa, and hypopituitarism. Studies have been limited
by their small size and short duration. In a small, random-
ized, placebo-controlled study in women with hypopitu-
itarism and severe androgen deficiency, transdermal T ad-
ministration (300 �g/d) increased BMD at the hip and
radius but not the spine (48). Two randomized studies in
women after surgical menopause compared the effects of
estrogen therapy plus methyltestosterone (2.5 mg/d) with
estrogen therapy alone over 2 years. In one of these studies,
spine (but not hip or radius) BMD increased in the group
that received T therapy, but there was no significant dif-
ference from estrogen therapy alone (49). In the second
study, spine and hip BMD increased significantly in the
androgen plus estrogen group compared with the estrogen
alone group (50).

The effects of androgens on bone in premenopausal
women with anorexia nervosa have been less positive (see
Anorexia nervosa section below). Studies of naturally
postmenopausal women are conflicting; some show pos-
itive effects of T added to estrogen on BMD (49, 51),
whereas others show no added benefit (52). Although the
importance of aromatization of T to estrogens as a mech-
anism underlying the effects of T on bone in men is clear
(23, 53), transdermal T (300 �g/d) does not result in in-
creases in serum estradiol levels in postmenopausal
women. However, increased local estradiol production
may underpin the observed bone effects. The preferential
effect at skeletal sites rich in cortical bone suggests either
a direct androgenic effect or differences in aromatase ac-
tivity in cortical vs trabecular bone. For example, T in-
creased hip but not spine BMD in postmenopausal women
(52) and in women with hypopituitarism (48); increases in
hip bone area correlated with increases in T levels in
women with anorexia nervosa (with no increase in BMD
after 12 mo) (54). No studies to date have evaluated frac-
ture outcomes.

Most studies of the effects of DHEA on bone in post-
menopausal women have involved women over the age of
60 years given an oral daily dose of 50 mg. Some have
shown improvements in BMD at the lumbar spine (55–
59), some showed improvements in hip BMD (57–61),
and others observed no improvement in BMD (62–64).
Overall, any observed effect of DHEA has been small rel-
ative to other treatments for bone loss, and no fracture
data are available.

Androgens and cognition
Testosterone. T has been reported to have neuroprotective
properties (65). In a case-control study of postmortem
brain tissue, postmenopausal women with Alzheimer’s

disease had lower levels of both androgens and estrogens
after age 80 (but not before) compared with controls (65).
In this study, an inverse relationship between T levels and
soluble �-amyloid (A�) was also observed, implying that
T might play a neuroprotective role. Higher endogenous T
levels in the plasma of premenopausal women have been
linked to better performance in tasks of spatial and math-
ematical ability (66). Another study of 38 postmenopausal
women found that verbal memory performance correlated
with both estradiol and T levels (67). It has been hy-
pothesized that androgens may exert an independent
protective role in the prevention of dementia (68). Lev-
els of T in the human female brain during the repro-
ductive years are severalfold greater than those of es-
tradiol (69). Both estradiol and T are independently
associated with neuroprotective effects, including pro-
tection against oxidative stress, serum deprivation-in-
duced apoptosis, and soluble A� toxicity (68). Endog-
enous androgens may influence A� accumulation via an
androgen receptor-dependent mechanism involving up-
regulation of the A� catabolizing enzyme neprilysin
(70). In addition to having neuroprotective effects, T
has positive effects on endothelial function (71) and acts
as a vasodilator (72), providing another potential path-
way through which T may confer neuroprotection.

Quality research clinical trial (RCT) data for the effects
of T on cognitive performance in women, however, are
lacking. Improvements in visuospatial memory have been
reported after a single dose of T, resulting in supraphysi-
ological plasma levels (73, 74), and in studies of short
duration (75), such that the clinical significance of the
findings is unclear.

Premenopausal women with higher salivary T scored
better on spatial/mathematical testing than those with
lower levels (66). However, Schattman and Sherwin (76)
compared results of a battery of cognitive tests in 29 hy-
perandrogenemic women with polycystic ovarian syn-
drome (PCOS) with results from 22 controls without
PCOS. The women with PCOS performed significantly
worse on tests of verbal fluency, verbal memory, manual
dexterity, and visuospatial working memory (76). Inter-
estingly, in a follow-up study of 19 women with PCOS,
hormone suppression with estrogen and cyproterone im-
proved only verbal fluency (77).

An RCT assessing memory using the California Verbal
Learning Test found a significant improvement in imme-
diate and delayed verbal memory in nondepressed post-
menopausal women on estrogen therapy (78). A separate
trial (n � 50) reported a negative effect on immediate but
not delayed verbal memory over 24 weeks with T unde-
canoate as an oral therapy (79). In a study of oral estrogen
alone or in combination with methyltestosterone, women
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receiving combination therapy maintained a steady level
of performance on the building memory task, whereas
those receiving estrogen alone showed a decrease in per-
formance (80). In an open label study of transdermal T
administered over 6 months to nondepressed, postmeno-
pausal women, treatment was associated with signifi-
cantly improved visual and verbal learning and memory
compared with untreated controls (81). There was a re-
duction in parietal lobe blood oxygen level-dependent
magnetic resonance imaging signal intensity during the
mental rotation task, potentially indicating less neuronal
recruitment being required to complete the task (82).
Thus, the studies to date on T and cognition are conflict-
ing; they often gave doses of T that resulted in supraphysi-
ological levels, involved small numbers of participants,
used inconsistent cognitive endpoints, and did not control
for confounding variables.

It is possible that the lack of agreement among the stud-
ies is related to the confounding between low endogenous
T levels and depressive symptoms, a problem relevant to
studies that did not specifically screen for depression.
Women with a lower free androgen index (FAI) have been
shown to report more depressive symptoms, and this may
reduce their performance on tests of cognition (83). It is
also possible that sensitivity of the brain to different sex
steroids varies with aging and menopausal status, such
that the impact of T relative to estradiol changes over time.

DHEA and DHEAS. It has also been proposed that
DHEAS may exert neuroprotective effects. In women aged
21 to 77 years, those with higher levels of DHEAS exhib-
ited better performance on testing of executive function;
circulating DHEAS levels were significantly positively as-
sociated with higher scores for tests of simple concentra-
tion and working memory in women with at least 12 years
of education (84). Circulating DHEAS levels were not as-
sociated with performance on tests of verbal and nonver-
bal learning and retention or focused attention. One study
reported a positive relationship between the Mini Mental
State Examination and DHEAS in older women (85),
whereas another, similar-sized study found no relation-
ship (86). Most studies of DHEA on cognition have been
too brief to provide meaningful results (87–90). The most
rigorous study, in which women received 50 mg/d DHEA
for 1 year, reported no benefit on a comprehensive battery
of tests of cognitive performance (91). A Cochrane Review
concluded that there was no evidence that DHEA therapy
improves cognitive performance in people over 50 years of
age without dementia (92).

Androgens and cardiovascular health
The prevalence of obesity and metabolic syndrome in-

creases with age and in women around the time of meno-

pause. SHBG is a strong predictor of insulin resistance
(93), and this relationship is independent of estrogen and
androgen levels (94). It appears that the culprit is a decline
in SHBG rather than an increase in the free T. A consistent
finding across numerous studies is that total T is not as-
sociated with an adverse cardiovascular disease (CVD) or
type 2 diabetes risk profile; however, low SHBG or a
higher FAI due to low SHBG carries risk. In the Melbourne
Women’s Midlife Health Project (95), weight gain and
FAI, but not total T, were strong predictors of CVD risk.
Similar results were observed in a 9-year follow-up of the
Study of Women’s Health Across the Nation (SWAN) nat-
ural menopause cohort (96). In this study, FAI was directly
(odds ratio, 1.37; 95% CI, 1.12–1.68) and SHBG was
inversely (odds ratio, 0.60; 95% CI, 0.45–0.80) associ-
ated with the development of obesity (97). Weight change
appeared to precede changes in the FAI, SHBG, and FSH,
with a more mixed picture for estradiol. Thus, the asso-
ciation between the FAI, CVD risk factors, and the met-
abolic syndrome phenotype appears to be driven more by
obesity and low SHBG than T (98).

Endogenous T in postmenopausal women has been
positively associated with brachial artery flow-mediated
dilatation, a measure of endothelial function suggesting a
potential protective effect (99). However, because cardio-
vascular events are relatively rare in young women, the
ability to determine whether or not exogenous T is related
to CVD is limited. Conversely, free T levels have been
inversely associated with carotid intimal media thickness
(99), and total and free T, but not DHEA or DHEAS, are
inversely associated with internal carotid artery athero-
sclerosis (100). In the Women’s Ischemia Syndrome Eval-
uation (WISE) study of 390 women, those in the top quar-
tile of T (hyperandrogenic) had more coronary artery
disease on angiography, and their cumulative 5-year sur-
vival was 78.9%, compared with 88.7% for women who
were not hyperandrogenic (76). The women with hy-
perandrogenemia were more likely to be diabetic and to
have metabolic syndrome; these associations have previ-
ously been reported in other populations. In a separate
analysis, lower DHEAS levels were associated with higher
CVD mortality and all-cause mortality; however, this
analysis did not take into account estradiol or T levels
(101). Naessen et al (102) reported that prevalent CVD in
postmenopausal women was associated with lower levels
of androgen precursors and a higher estradiol-to-T ratio.
Furthermore, women with a total T level in the lowest
quintile had the greatest risk for all-cause mortality and
incident CVD, independent of traditional risk factors,
over a 4.5-year follow-up period (102). Thus, cross-sec-
tional studies of T levels and CVD risk are conflicting. It
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is possible that both low and high endogenous T levels
confer CVD risk.

What about cardiovascular risk in PCOS? PCOS is a
common condition characterized by hyperinsulinemia
and androgen excess. A retrospective observational study
of 21 000 women with hyperandrogenism/PCOS identi-
fied an increased risk of diabetes with a median follow-up
of 5 years (103). The largest observational study reporting
the morbidity and mortality associated with this condition
did not find an increase in coronary heart disease mor-
bidity or mortality, although they had more CVD risk
factors (104). In the Rancho Bernardo cohort, women in
both the lowest and highest quintiles of bioavailable T
demonstrated higher rates of incident CVD than the mid-
dle quintile, implying that there is an optimal range of
circulating T (105). Taken together, the data imply that the
relationship between androgens and CVD is likely indirect
and may be driven more by the association of low SHBG, a
hallmark of insulin resistance and an adverse metabolic pro-
file, than by T or other androgens per se. There is also limited
evidence that some adipocytokines, such as adiponectin, are
suppressed by androgens (106), and adiponectin has been
shown to inhibit androgen secretion in vitro (107). Sex dif-
ferences in immune responses between men and women im-
plicate androgens as having a negative effect on innate
immune response (108), but possibly exacerbate proinflam-
matory circulating cytokines (109). Findings that low T in-
dependently predicts heart disease require further follow-up
and analysis for causal pathways.

Other clinical trials have included surrogate markers of
CVD and may provide limited evidence for the possible
long-term effects of T on CVD morbidity and mortality.
High-density lipoprotein (HDL)-cholesterol and apolipo-
protein A1 levels decrease significantly when oral meth-
yltestosterone is administered with oral estrogen (50).
Combined estrogen and methyltestosterone therapy is
also associated with reduced plasma concentrations of
apolipoprotein B, reduced low-density lipoprotein parti-
cle size, and increased total body low-density lipoprotein
catabolism (110). In others, oral methyltestosterone de-
creased HDL-cholesterol but also decreased other lipo-
protein fractions that might be atherogenic (triglycerides
and apolipoprotein IIIC) (111). Oral DHEA given to post-
menopausal women has been shown to decrease HDL-
cholesterol (112). The clinical significance of the small
lipoprotein changes is unknown, but overall there is a
trend for oral androgens to decrease HDL-cholesterol and
induce an adverse shift in lipoprotein profile compared
with estrogen (113).

Studies of T administered by sc implant (114) or trans-
dermal patch (115–118), or spray, (119), do not show
adversely altered levels of lipids, C-reactive protein, or

glycosylated hemoglobin or worsened insulin sensitivity.
In the APHRODITE (n � 814) (115) and ADORE (n �
272) (120) studies, naturally menopausal women (most of
whom were not taking estrogen) did not demonstrate any
adverse changes in lipid or lipoproteins with the transder-
mal T patch (TTP) given at the 150 or 300 �g/d dose.

Women with congestive cardiac failure treated with
300 �g TTP/d showed significant improvements in peak
oxygen consumption, distance walked over the 6-minute
walking test, muscle strength, and insulin resistance com-
pared with those receiving placebo (121). None of the
RCTs comparing TTP therapy with placebo have shown
a difference in event rate for any CVD outcome, including
venous thromboembolic events in short-term trials.

In summary, whereas endogenous free T appears to be
associated with an increased risk of CVD in some epide-
miological studies, the risk is largely attributable to im-
paired insulin sensitivity and lowered SHBG levels. Ad-
verse cardiometabolic changes have not been frequent
during short-term observations (12–24 mo) in women
treated with physiological doses of T. Although there are
adverse changes in lipoproteins with administration of
oral T or DHEA, the long-term consequences of these
changes are not known.

Androgens and body composition
Unlike the positive relationship between endogenous T

levels and lean body mass in men, the relationship in
women is less clear (122). Much of the literature consists
of correlative observational data that cannot provide in-
formation on causation. In a study of normal-weight
women with hypothalamic amenorrhea, higher DHEA
and DHEAS were associated with greater BMD, and free
T was associated with greater lean body mass (123). On
the other hand, in a detailed study of 30 healthy premeno-
pausal women, androgens were positively associated with
fat mass but not with lean body mass (124). However, an
earlier examination of 29 postmenopausal women by the
same group indicated that T correlated with reduced ad-
iposity (113). In the Michigan Bone Health Study of over
600 women, T was positively associated with body mass
index, lean body mass, and fat mass (125).

In postmenopausal women, T implant therapy for 2
years, resulting in supraphysiological plasma T levels, in-
creased lean body mass (126). Combined oral methyltes-
tosterone/oral estrogen therapy increased lean mass and
reduced percentage body fat compared with estrogen ther-
apy alone (127). In women with Turner syndrome, oral
methyltestosterone increased total trunk lean body mass,
whereas total fat mass decreased and the visceral fat and
visceral-to-sc-fat ratio did not change (128). In women
with hypopituitarism, treatment with the TTP at high
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physiological dosing increased thigh muscle mass and lean
body mass but did not affect intra-abdominal or sc fat
mass (48). Likewise, in women with anorexia nervosa, a
1-year course of TTP therapy increased lean body mass
and did not affect fat mass (54). Oral DHEA at a dose of
50 mg/d did not influence body composition measured by
computed tomography in older women in a randomized,
placebo-controlled trial (112). Similarly, no benefit was
observed in a small study of women with adrenal insuffi-
ciency conducted over 6 months (129). Few studies have
examined whether increases in lean body mass or increases
in muscle mass translate into increased muscle strength
and function. One small randomized study in low-weight
women with HIV (130) and another in postmenopausal
women (127) demonstrated increases in muscle strength.
Thus, T increases lean body mass and may decrease fat
mass in women, but effects are less dramatic than in men.

Androgens and mood
There are few studies addressing how T affects mood in

women in which mood is the primary endpoint and/or the
population studied is depressed or rigorously assessed for
depression. Several randomized, placebo-controlled stud-
ies in which women were not screened for depression be-
fore study enrollment showed improvements in mood as a
secondary endpoint. These studies included women with
bilateral oophorectomy, sexual dysfunction, hypopitu-
itarism, or anorexia nervosa (48, 131, 132). Psychological
well-being improved with transdermal T in two RCTs in
which women with depression were excluded (118, 133).
DHEA monotherapy studied in a similar context also im-
proved mood in small, randomized, placebo-controlled
studies in women with HIV/AIDS and adrenal insuffi-
ciency (134, 135). In addition, in the Rancho Bernardo
cohort, DHEAS levels were inversely associated with de-
pressed mood in older women (136).

There are few studies investigating the effects of andro-
gens or preandrogens in women diagnosed with major
depression. Two small pilot studies investigating andro-
gens to augment standard therapy in treatment-resistant
depression, one using methyltestosterone and the other
TTP (open-label) (137, 138), have reported positive re-
sults. There have been no large, placebo-controlled studies
that address whether T therapy is efficacious, either as
monotherapy or augmentation therapy, for treatment of
mood in women with major depressive disorders.

3.0 Treatment of Women with Low
Androgen Levels

3.1 We recommend against the routine treatment of
women with low androgen levels due to hypopituitarism,

adrenal insufficiency, bilateral oophorectomy, or other
conditions associated with low androgen levels because of
the lack of adequate data supporting efficacy and/or long-
term safety (1�QEEE). Only one small, randomized, pla-
cebo-controlled study shows benefits from T therapy for
women with hypopituitarism. If they are treated, they
should be monitored as described below for women with
HSDD.

3.2 We recommend against routinely measuring T in
women for diagnosis, because a correlation between
symptoms and T levels has not been established
(1�QEEE).

3.3 We recommend against the routine use of DHEA
therapy in women with adrenal insufficiency because
data concerning its effectiveness and safety are limited
(1�QEEE).

Evidence

Surgical menopause
Most studies indicate that the postmenopausal ovary in

many women produces some T and that surgically meno-
pausal women have lower total and free T levels than
naturally menopausal women (15, 17, 18, 21, 139, 140).
In contrast, a few studies have suggested that the post-
menopausal ovary does not produce T (17, 21, 37). In a
small study (n � 17) comparing healthy postmenopausal
women who have or have not undergone oophorectomy
and/or adrenalectomy, adrenalectomy was associated
with total and bioavailable T below the detection limit,
whereas androstenedione was reduced but measurable,
even in women who had undergone both procedures (17).
In this small study, there was marked variability in T lev-
els. A more recent study of oophorectomized and ovary-
intact women (n � 123 each) showed a wide range of T
levels; although the authors’ interpretation was that there
was no direct contribution of T from the postmenopausal
ovary, the large variability in the data suggest that the
study was underpowered (21). Given the variable be-
tween-woman decline in androgens with age, an androgen
profile will not consistently differentiate surgically meno-
pausal women from naturally menopausal women. Of ad-
ditional note, hysterectomy has also been associated with
lower circulating T in women, probably due to intrapro-
cedural damage to the ovarian vascular supply (36, 140).

Hypopituitarism and adrenal insufficiency
Hypopituitarism often includes hypogonadotropic hy-

pogonadism and/or central adrenal insufficiency, thereby
affecting the two major sources of androgen production in
women. Reduced concentrations of total T, free T, and
androstenedione are therefore a consequence of hypopi-
tuitarism in women (140). One randomized, placebo-con-
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trolled study of transdermal T (300 �g/d) in women with
hypopituitarism (n � 52) for 12 months demonstrated an
increase in hip and radial but not spine BMD, increased
muscle mass, and improvements in mood and sexual func-
tion (48). This study suggests that women with hypopi-
tuitarism may benefit from short-term T therapy for var-
ious outcomes, although long-term safety is unknown. If
a trial of T is considered, women with hypopituitarism
should be treated and monitored as recommended for
women with HSDD as outlined below.

DHEAS is reduced in women with adrenal insufficien-
cy—either secondary or primary—but not in women with
hypogonadism, because the major source of DHEA and
DHEAS is the adrenal gland. Whether DHEA is an effec-
tive treatment for fatigue, sexual function, or mood in
women with adrenal insufficiency is unclear. A small study
ofwomenwithprimaryor secondaryadrenal insufficiency
(n � 24) given DHEA (50 mg) or placebo daily for 4
months (134) resulted in an increased frequency of sexual
thoughts, interest, and satisfaction, as well as im-
proved well-being and decreased depression and anxiety.
Whereas some subsequent studies confirmed these results,
many others did not. In 2009, a meta-analysis of 10 studies
concluded that DHEA therapy in adrenal insufficiency
may result in small improvements in health-related quality
of life and depression, but it had no effects on anxiety or
sexual well-being (142). Thus, there are insufficient data
to support the routine use of DHEA in women with ad-
renal insufficiency and no data to support its use in women
without adrenal insufficiency.

Pharmacological glucocorticoid administration
Exogenous glucocorticoids in pharmacological doses,

as used for the treatment of asthma and rheumatoid ar-
thritis, significantly suppress adrenal androgen precursor
synthesis and, hence, decrease plasma androgens in
women (41, 143). Women with Cushing’s syndrome due
to a cortisol-producing tumor are similarly affected,
whereas women with ACTH-dependent tumors usually
have elevated DHEAS levels. DHEAS production may not
resume until many months or years after endogenous glu-
cocorticoid production has been reduced and may never
recover (144). Because patients recovering from Cushing’s
have been shown to suffer significant impairment of
health-related quality of life and mood (145, 146), the
issue of whether DHEA or androgen therapy would im-
prove these parameters has been raised (147). Data from
randomized studies examining this question, however, are
not available.

Therapy with oral contraceptives
Ovarian androgen production is suppressed by hor-

monal contraception. Oral contraceptives are a mainstay

for therapy of women with hyperandrogenic amenorrhea
and have been shown to suppress T and androstenedione
and reduce the progression of hirsutism (148–150). There
is limited evidence that oral contraceptives also reduce
circulating DHEAS, which, if true, implies an adrenal sup-
pressive effect (151). Although oral contraceptives are ef-
fective in the treatment of acne and hirsutism in women
with both normal and increased levels of androgens, it is
possible that normoandrogenemic women might sustain
excessive suppression of their androgens. Thus, there is
biological plausibility to the concept that women could be
rendered androgen deficient as a result of oral contracep-
tives or other forms of combined hormonal contraception;
however, there is no evidence that, if true, this is clinically
significant.

Limited research indicates that increases in plasma
SHBG caused by oral contraceptives are exaggerated in
women with sexual dysfunction (152, 153). There is also
limited evidence that androgen suppression in women tak-
ing oral contraceptives is related to reduced sexual interest
and response, although findings were not uniformly sig-
nificant (69). A subset of women has evidence of sexual
dysfunction when treated with combined hormonal con-
traceptives. This problem is often treated by prescribing a
relatively “androgenic” progestin; however, findings
from a recent randomized controlled study did not sup-
port different effects of various androgenic or antiandro-
genic progestins on sexual function (154), and there is no
evidence to support concomitant therapy with T. Given
the lack of a strong relationship between T and sexual
motivation in women taking oral contraceptives, and the
overall weakness of the construct, the androgen-defi-
ciency model of ovarian suppression by oral contracep-
tives is not compelling.

Anorexia nervosa
Anorexia nervosa is characterized by androgen levels

lower than those seen in normal women. In 200 women,
total and free T serum levels were lower in women with
anorexia nervosa than in normal controls, with a further
reduction in free T levels in those taking oral contracep-
tives (123). By contrast, DHEAS levels were not reduced
(123). Consistent with this finding, DHEA levels after
stimulation with ACTH were not lower in women with
anorexia nervosa compared with controls (155), consis-
tent with the hypothesis that hypogonadotropic hypogo-
nadism—not a reduction in adrenal androgen precur-
sors—is the more important contributor to overall relative
androgen deficiency in these women. However, in a study
of adolescents and adults with anorexia nervosa, DHEAS
levels were significantly below the mean for age with re-
spect to a commercial lab-generated normal range (156).
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Anorexia nervosa is associated with severe bone loss,
which has prompted studies to determine the effects of
replacement doses of T on bone. A 3-week pilot study
demonstrated increases in markers of bone formation with
TTP administration (150 to 300 �g/d) compared with pla-
cebo (132). A 12-month, randomized, placebo-controlled
study confirmed that TTP has acute effects on markers of
bone formation, but this did not translate into increased
BMD. However, it did increase lean body mass compared
with placebo (54). A 1-year randomized, controlled trial
of daily DHEA (50 mg) vs low-dose (20 �g ethinyl estra-
diol) oral contraceptive therapy in girls and women with
anorexia nervosa failed to demonstrate an increase in hip
BMD (156). A follow-up, randomized, 18-month, place-
bo-controlled study of oral contraceptives plus DHEA, 50
mg/d, in girls and women with anorexia nervosa (n � 80)
demonstrated maintenance of pretreatment spine and to-
tal body BMD (157). Overall, the data do not strongly
support a role for T or DHEA therapy for bone loss in girls
or women with anorexia nervosa.

Human immunodeficiency virus
Low androgen levels have been demonstrated in HIV-

infected women (158, 159). There are several conflicting
randomized, placebo-controlled studies addressing the is-
sue of whether T therapy is effective for wasting in women
with HIV. In one study, weight significantly increased
with TTP (150 �g/d) for 4 months (160); however, this
finding was not confirmed in a longer follow-up study.
The TTP group did demonstrate improved strength (161,
162). An 18-month study of TTP demonstrated modest
increases in lean body mass (1 kg), body mass index (0.8
kg/m2), and hip BMD and improvement in mood (130).
Therefore, data are inconclusive with regard to clinically
significant effectiveness of T therapy in this population.

4.0 Testosterone Therapy for Women with
HSDD

4.1 We suggest a 3- to 6-month trial of a dose of T for
postmenopausal women who request therapy for properly
diagnosed HSDD and in whom therapy is not contrain-
dicated resulting in a midnormal premenopausal value in
a reference assay to avoid pharmacological T administra-
tion (2�QQEE).

4.2 If T therapy is prescribed, we suggest measuring T
levels at baseline and after 3–6 weeks of initial treatment
to assess patient overuse (2�QQEE).

4.3 In cases of ongoing T therapy, we suggest reviewing
T levels every 6 months to monitor for excessive use and
signs of androgen excess (2�QQEE).

4.4 We suggest cessation of T therapy for women who
have not responded to treatment by 6 months (2�QQEE).
No safety and efficacy data for T therapy are available
after 24 months (Table 1).

Evidence

Androgens and sexual function
There is consensus that female sexual dysfunction

(FSD) is multifactorial, with mental health and interper-
sonal factors playing important roles. It more typically
involves overall diminished sexual motivation/interest, in-
cluding minimal desire for sex itself, plus reduced arousal
and orgasmic response (�sexual pain), than any discrete
phase dysfunction. Recently, definitions have been re-
vised. In the fourth edition of the American Psychiatric
Association’s Diagnostic and Statistical Manual of Mental
Disorders, the definition of HSDD was phase specific: de-
ficient or absent sexual fantasies and desire for sexual ac-
tivity causing marked distress or interpersonal difficulty.
The diagnosis had to be made clinically; the purpose of
various validated questionnaires is to monitor treat-
ment response. However, the fifth edition combines de-
sire/interest and subjective/physical arousal in its defi-
nition of sexual interest arousal disorder. This diagnosis
includes the presence of both reduced interest in sexual
activity and absent arousal from external sexual/erotic
cues (163–165).

The evidence that women’s sexual function is a target
of androgen action stems mainly from studies of T therapy
given to postmenopausal women reporting low sexual de-
sire. These data show that T therapy may influence all
aspects of sexual response by improving desire, subjective
arousal, and vaginal blood flow (166–168) and increasing
frequency of orgasm (101). Neither epidemiological cross-
sectional community-based studies (36, 83) nor clinical
studies (reviewed in Ref. 169) have demonstrated a lower
limit of androgens or androgen precursors that can be used
to identify women with diminished sexual function. Sub-
sequent to our 2006 guideline (5), an additional clinical
study used mass spectrometry-based methods to measure

Table 1. Important Considerations for Implementation
of Recommendation 4.4

Testosterone Treatment for HSDD
The response to therapy does not correlate with T levels.
Symptoms often recur after discontinuation of therapy, and

sexual dysfunction often requires long-term treatment.
Physiological T preparations for clinical use in women are not

available in many countries, including the United States,
and long-term safety data are lacking.

The criteria for the definition of disordered desire have
changed from that used in clinical trials, which could
impact response in individual patients.
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androgens and metabolites in women (169). There were
no differences in serum T or androgen metabolites be-
tween the groups, but those with HSDD had lower
DHEAS. Nonhormonal rather than hormonal variables
predicted the severity of HSDD (170).

Three prospective studies of hysterectomy with or with-
out elective bilateral salpingo-oophorectomy (BSO) for
benign disease in midlife failed to identify any decrease in
women’s sexual function after BSO plus hysterectomy
(171–173); however, the sexual function of women elect-
ing to undergo only hysterectomy deteriorated in some
aspects. A recent review (174) suggests that previous ret-
rospective studies demonstrating poorer sexual function
after hysterectomy and BSO compared with hysterectomy
alone were confounded by selection bias because women
with poorer sexual function may be more likely to elect
BSO at the time of hysterectomy. Retrospective (175) and
prospective (171) studies found no correlation between
changes in androgen levels postoperatively and measures
of sexual function.

Data from some cross-sectional studies indicate that the
prevalence of low sexual desire is similar in age-matched surgi-
cally and naturally menopausal women. However, the former
are more distressed about their low desire (thus meriting a di-
agnosis of HSDD) (176, 177). In these women, some oopho-
rectomies occurred in the context of factors that may have re-
duced sexualdesire, suchas cancerorothermedical emergency
or the imposition of unwanted infertility. Other cross-sectional
studiesindicatethatageisafactorinthelikelihoodoflowsexual
desire, with a similar prevalence in naturally and surgically
menopausal women who were �45 years old at the time of
BSO, but HSDD is more frequent in the surgical group (ie, the
low desire causes distress) (178). HSDD is again more frequent
in women �45 years old with past BSO compared with age-
matched controls, whereas the presence of low sexual desire is
the same in both groups. Comparison of women with hyster-
ectomy alone with those with additional BSO showed that ex-
periencingasexualproblempreoperativelywasthegreatestpre-
dictor of experiencing it postoperatively (179).

Testosterone therapy in FSD
Benefits. Subsequent to our 2006 review (5), further trials
of T therapy in postmenopausal women have been re-
ported. Transdermal T has been the best-studied androgen
therapy for FSD. Two dose-finding studies of TTP in
women receiving oral estrogen reported beneficial effects
of TTP in doses of 300 �g/d, but not from doses of 150 or
450 �g/d (115, 131). In a study using RIA after sample
extraction and column chromatography, 300 �g/d T co-
administered with oral estrogen increased serum total T to
supraphysiological levels and free T levels to the high pre-
menopausal range. The high total T levels in part reflected

the higher SHBG levels of the women on oral estrogen
therapy. Administration of 450 �g/d also resulted in su-
praphysiological levels of total T. In contrast, in an RCT
of TTP 300 �g/d in women using transdermal estradiol,
mean total, free, and bioavailable T levels remained within
the high normal range (118). The TTP studies recruited
medically and psychiatrically well women who reported
low desire since menopause, but ongoing sexual activity
with an average of four to six events monthly, of which
two or three were satisfying (115, 116, 180). In two large
studies (n � 562, n � 532) of TTP, 300 �g/d, in surgically
menopausal women on oral estrogen therapy, the number
of satisfying sexual events improved from three times to
five times per month with active therapy and four times a
month with placebo (117, 180), ie, a statistically signifi-
cant median increase of one satisfying event per month in
the treated compared with the placebo group. There was
an associated decline in personal distress of 65–68% in
each of these two studies using TTP 300 �g/d, compared
with a 40–48% with placebo. All domains of sexual func-
tion (arousal, pleasure, orgasm, self-image, reduced con-
cern, and responsiveness) improved to a statistically sig-
nificantly greater extent with TTP than with placebo.
Naturally menopausal women with HSDD receiving a sta-
ble dose of oral estrogen had a mean increase from baseline
in their 4-week frequency of satisfying sexual events from
TTP 300 �g/d of 1.92 (73%) compared with a mean in-
crease of 0.5 (19%) from placebo. Other domains of sex-
ual function also improved, and distress decreased (181).

Efficacy of TTP therapy has been shown to be similar
in RCTs of surgically and naturally menopausal women
whether or not they are treated with transdermal estrogen
(118, 120). An RCT of 814 naturally and surgically meno-
pausal women not on estrogen therapy reported an aver-
age increase in satisfactory sexual events of 2.12 per
month with 300 �g/d TTP vs 0.73 per month with placebo
(115). In addition to the significant increase in total sat-
isfying activity, the women who received TTP 300 �g/d
had a more than a 115% increase in reported orgasms
compared with a 38% increase in the placebo group, a
statistically significant difference.

The T patch was approved in Europe for the treatment
of surgically menopausal women with persistently low
sexual desire despite adequate systemic estrogen therapy,
excluding the use of conjugated equine estrogens. Despite
these clinically and statistically significant findings, the T
patch has been discontinued in Europe because the pop-
ulation eligible for therapy was small and sales were low.

Lack of benefits. In contrast to the above findings, two
large phase III RCTs showed no benefit of transdermal T
gel, 0.22 g/d, over placebo. Only an abstract is available to
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date for one (182). Endpoints were numbers of sexually
satisfying events per month and the level of sexual desire
as assessed from a daily diary over the entire study period.
There were no statistically significant differences between
either endpoints or in sexual distress, a secondary end-
point, in women who received active drug or placebo
(183). A second placebo-controlled RCT safety study us-
ing transdermal T gel that recruited 3565 naturally and
surgically postmenopausal women accrued several thou-
sand women-years of data has yet to be published.

Vaginal testosterone
Vaginal T therapy has been examined in two short-term

small trials of 20 patients for 4 weeks. Twice-weekly vag-
inal 0.5 mg 2% T with 0.625 mg conjugated equine es-
trogens was more effective than estrogen cream alone
(measured as a composite score of seven sexuality domains
including intensity of desire). Serum T levels rose to values
within the normal premenopausal range (184). The vag-
inal application of T 300 �g/d for 4 weeks restored vaginal
cytology and alleviated dyspareunia in 10 women with
breast cancer using aromatase inhibitor therapy, without
raising circulating blood levels (185). Further studies are
required to confirm efficacy and safety of this mode of
delivery.

5.0 Androgen Therapy and Monitoring

5.1 We suggest against the treatment of women with T
preparations formulated for men or those formulated by
pharmacies due to lack of data concerning efficacy and
safety of these preparations in women (2�QEEE).

5.2 If a woman is to be given a trial of T therapy, we
suggest checking a baseline T level and the use of an ap-
proved non-oral preparation for women (such as a trans-
dermal patch, gel, or cream) if such a treatment is available
(2�QEEE).

5.3 We suggest monitoring T levels 3–6 weeks after
initiation of therapy and every 6 months thereafter to as-
sess for patient overuse or signs of androgen excess
(2�QEEE).

5.4 We suggest cessation of therapy for women who
have not responded to treatment by 6 months. Safety and
efficacy data for T therapy in women are not available
beyond 24 months (2�QEEE).

Evidence

Side effects and safety of testosterone and DHEA
Masculinizing effects. The potential masculinizing effects
of androgen therapy include acne, hirsutism, deepening of
the voice, and androgenic alopecia. These effects are dose

related and are uncommon in the relatively short-term
trials to date if supraphysiological hormone levels are
avoided. Compared with placebo recipients, women
treated with TTP in various studies of 1 year or less report
a higher rate of androgenic adverse events, mainly in-
creased nonscalp hair growth (115–118, 131, 181). In
APHRODITE, the 150 or 300 �g/d doses of T were not
associated with increased rates of acne, alopecia, or voice
change over 12 months. However, a higher rate of hair
growth was observed with the 300 �g/d dose. Clitoro-
megaly has not emerged as a side effect of transdermal
therapy across multiple studies. Withdrawal from studies
due to androgenic events has not been less common in
women treated with TTP than in controls.

Endometrial effects. Androgen receptors have been re-
ported in the stromal compartment of postmenopausal
endometrium and in the atypical glandular compartment
of endometrial cancers (186). Although androgens are be-
lieved to be associated with endometrial atrophy, the pos-
sibility of T-to-estradiol conversion by aromatase activity
in abnormal endometrium should be considered. In one
retrospective review of 258 postmenopausal women re-
ceiving both estrogen and T via pellets, endometrial mon-
itoring revealed an endometrial thickness �5 mm in 44
women at the end of 2 years of treatment. Almost two-
thirds were found to have an endometrial polyp at hys-
teroscopy, and 20.4% had simple hyperplasia (187),
which may have been due to the high estradiol levels
achieved with consecutive estradiol implants in this study.
Thus, in the setting of combined estrogen and androgen
treatment, concurrent continuous or cyclic progestin ther-
apy is essential for nonhysterectomized women. In an-
other study of 31 women given oral estradiol valerate plus
T undecanoate for 2 months, T treatment was associated
with a relative up-regulation of estrogen receptor (ER)�
and androgen receptor, but not ER� or the progesterone
receptor (188).

In larger clinical trials, endometrial safety has been as-
sessed in a variety of ways. In the APRHODITE study,
both ultrasound at baseline and 12-month endometrial
biopsies were performed, with no differences in endome-
trial findings across treatments (115). However, endome-
trial bleeding was reported more frequently on the 300
�g/d dose of TTP (10.6%) compared with 150 �g/d
(2.7%) or placebo (2.6%) (115). Biopsy revealed endo-
metrial atrophy in the woman with bleeding on the 300
�g/d dose patch in this study (115). More women on the
higher TTP dose had a 12-month endometrial biopsy read
as insufficient tissue for diagnosis. This latter finding is
consistent with the notion that T, when given without
concomitant estrogen, promotes endometrial atrophy.
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Few data are available about the effects of DHEA ther-
apy on the endometrium. A small randomized, placebo-
controlled trial of DHEA, 50 mg/d orally, reported no
endometrial thickening and no difference in vaginal bleed-
ing over 12 months (189).

Effects on the breast. For premenopausal women, data
pertaining to endogenous androgens and breast cancer
risk are limited by failure to account for the timing of
blood draws in relation to the menstrual cycle or time of
day, imprecision of assays used, and failure to account for
estradiol levels (190). Most studies do not demonstrate an
association between T levels and breast cancer risk in pre-
menopausal women (190). However, one study in pre-
menopausal women found that an increased relative risk
for breast cancer was independently associated with T
levels in a dose-dependent manner (191). Risk ratios in-
creased from a reference value of 1 for the lowest T quintile
to 1.8 (1.1–2.9; P � not significant) at the highest quintile
of total or free T. DHEAS, androstenedione, and SHBG
were not associated with breast cancer in this study. An-
other prospective case control study noted a relationship
between T and increased risk of subsequent breast cancer,
although estradiol levels were not taken into account in
the analysis (192). Despite PCOS being characterized by
unopposed estradiol and estrone exposure and androgen
excess, women with PCOS do not have an increased risk
of breast cancer (193–195).

In postmenopausal women, data concerning the role of
androgens in breast cancer are conflicting. Studies under-
taken within the National Surgical Adjuvant Breast and
Bowel Project Cancer Prevention Trial (196) and the
Nurses’ Health Study (197) showed no significant asso-
ciation between breast cancer risk and any of the endog-
enous androgens measured. On the other hand, in a nested
case-control study within the Nurses’ Health Study, es-
tradiol, T, and androstenedione, but not SHBG, were in-
dependently associated with breast cancer (198). In the
European Prospective Investigation Into Cancer and Nu-
trition, risk was compared between 1309 controls and 677
postmenopausal women who later developed breast can-
cer (199). SHBG was inversely related to breast cancer
risk, whereas T, free T, androstenedione, DHEAS, es-
trone, and estradiol were significantly associated with
breast cancer; risk ratios ranged from 1.69 for DHEAS to
2.28 for estradiol. The UK Collaborative Trial of Ovarian
Cancer Screening evaluated 322 cases of incident breast
cancer. Androstenedione was associated with an approx-
imately 3-fold and T with an approximate 2-fold increase
in risk; risk was limited to ER�/progesterone receptor
(PR)� cancers (200). The Nurses’ Health Study II indi-
cated that both DHEA and DHEAS were associated with

a decreased risk of ER�/PR� breast cancer, but this as-
sociation was age-dependent. Only women �45 years old
had an increased risk of breast cancer in association with
increasing levels of DHEA and DHEAS (201). In the
Women’s Health Initiative observational cohort, free T
was independently associated with a reduced risk for ER–
breast cancer (202). Multiple cohort studies taken from a
variety of worldwide populations support a small but sig-
nificant association between androgens (T, androstenedi-
one, DHEA, and DHEAS) and postmenopausal breast
cancer (203–207). The magnitude of risk is similar to that
observed with estradiol. The risk of breast cancer in rela-
tion to endogenous T seems to be confined to ER�/PR�
breast cancers.

Breast density was evaluated in a subset of 279 women
who received TTP without concomitant estrogen in the
APHRODITE study (208). No differences in mammo-
graphic density were observed between the placebo, 150
�g/d, and 300 �g/d TTP groups. However, three breast
cancers were detected in the TTP groups over the 52-week
follow-up, and one additional cancer was detected 3
months after the extension study. No breast cancers were
found in the women randomized to placebo (115). Of the
women with cancer, one had experienced bloody nipple
discharge before randomization, one was diagnosed
within the first 3 months of the study, and the third had a
long-term history of prior estrogen use. A review of 4610
cases of breast cancer detected in 24 years of follow-up
from the Nurses’ Health Study demonstrated that among
naturally menopausal women, current but not past users
of estrogen plus methyltestosterone had a greater risk of
breast cancer (relative risk � 2.48; 95% CI, 1.53–4.0)
than women using estrogen with or without progestin (rel-
ative risk � 1.23; 95% CI, 1.05–1.44), when compared
with women who had never taken hormones. There were
29 cases of breast cancer in estrogen plus methyltestoster-
one users and three cases in methyltestosterone-only users
in 5628 women-years of follow-up (209). In another
study, women who used estrogen plus methyltestosterone
did not have an increased breast cancer risk compared
with those who did not use hormones (adjusted hazard
ratio, 1.42; 95% CI, 0.95–2.11). It is noteworthy that
49% of the hormone users were also taking progestins,
with 11% of nonhormone users reporting past estrogen-
progestin use (210). A large, case-control study of women
aged 50–64 years reported no effect of methyltestosterone
use on breast cancer risk (211). In a cohort of 631 Aus-
tralian women treated with T between 1989 and 2007 for
a mean of 1.3 years and followed up for a mean of 6.7
years, the incident breast cancer rate did not differ from
the Australian population (208). Others reported no in-
crease in breast cancer risk in relation to T implant therapy
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(212). Clearly, the role of T, with or without estrogen, in
breast cancer pathophysiology requires further study and
elucidation.

Recent studies have examined the correlation of andro-
gen prohormones and risk of breast cancer (213). No
RCTs of DHEA in women have been of sufficient size to
provide data pertaining to safety in terms of breast cancer,
endometrial cancer, or cardiovascular events.

The limited observational data on the effects of T levels
on breast cancer risk favor a neutral to an increased risk
profile that is similar in magnitude to that observed with
estrogen and progestin continuous therapy (213). Clinical
trials to date, however, are of insufficient size or duration
to ascertain whether the observed associations are causal.
It is unlikely that such data will be available in the near
term. The lack of long-term clinical trial data in the use of
T therapy is an impediment to clinical practice, and clini-
cians choosing to prescribe T therapy should err on the
side of caution with informed consent of all patients of this
unknown but potentially important risk.

New Meta-analyses on the Use of
Testosterone or DHEA Therapy in Women

The Task Force commissioned two systematic reviews and
meta-analyses to evaluate the benefits and harms of sys-
temic T therapy and systemic DHEA therapy in postmeno-
pausal women. The two reviews summarized evidence
from randomized controlled trials retrieved from search-
ing MEDLINE, EMBASE, PsycInfo, Cochrane Central
Register of Controlled Trials, Cochrane Database of Sys-
tematic Reviews, EBSCO CINAHL, and Scopus from da-
tabase inception through January 2014. Detailed descrip-
tions of the search strategy, inclusion criteria, analysis
methods, and outcomes of interest are published in each
respective systematic review (212, 213).

1. Testosterone therapy
The first systematic review and meta-analysis aimed to

evaluate the benefits and risks of systemic T therapy for
postmenopausal women (214). The meta-analysis in-
cluded published randomized trials of T alone or in addi-
tion to hormone replacement therapy. Across all trials T
use was associated with a statistically significant improve-
ment in satisfaction, pleasure, orgasm, and libido. The
quality of evidence was moderate to high for pleasure and
orgasm outcomes and moderate for satisfaction and libido
outcomes. There was minimal effect on serum lipids and
increased incidence of hirsutism. However, data on ad-
verse effects were not extensive, particularly for long-term
use (median follow-up, 4 mo; range, 6 wk to 2 y). These

data confirm our review of prior literature and our rec-
ommendations outlined above. However, the recent neg-
ative trials of transdermal T gel for women with HSDD
were not included because they remain unpublished other
than in abstract form.

2. DHEA therapy
The second systematic review and meta-analysis aimed

to evaluate the benefits and risks of systemic DHEA ther-
apy for postmenopausal women (215). The meta-analysis
included 15 randomized trials that were in general con-
sidered at high risk of bias. DHEA use was associated with
statistically significant but small improvement in libido
(0.28 SD) and no other significant improvements in any of
the remaining outcomes. Data on adverse effects were
minimal. The median length of follow-up of the studies
was only 3 months (1–24 mo). The quality of evidence was
considered low to moderate for benefit and very low for
long-term harm. Therefore, the Task Force recommended
against using DHEA in this setting.

Future Research

Role of androgens
Because of the current lack of information regarding

the role and efficacy of androgens in women, we recom-
mend the development of sensitive and specific assays to
accurately measure T and free T in women across their
lifespan.

Additional research is needed into the role of local an-
drogen production, action, and metabolism in tissues.
Both animal and human model systems may be used to
determine the effects of a lack of androgens to define the
clinical syndrome of androgen deficiency and to study the
benefits and risks of androgen therapy.

We recommend that trials of androgen therapy should
assess the safety and risk of androgen administration using
multiple endpoints, including sexual function, mood, and
cognitive, bone, cardiovascular, dermatological, breast,
and endometrial health.

Testosterone therapy for FSD
An absence of sexual desire between sexual encounters

appears to be common, well within the range of normal
female sexual experience. Yet this absence is often the
target of therapy in pharmacological approaches to FSD.
Most of the 3250 multiethnic middle-aged women in the
SWAN cohort indicated that while moderately or ex-
tremely sexually satisfied, they never or very infrequently
felt desire (216). In an on-line survey of 3687 younger
women, 1865 were assessed to be without evidence of
sexual dysfunction, specifically confirming their easy sex-
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ual arousal. Close to one-third of this group rarely or never
began a sexual experience with a sense of sexual desire
(217). Most studies of T therapy, however, have targeted
women with low desire, but with the ability to be aroused
and sexually satisfied on at least some (on average 50%)
occasions. An incentives/motivations model of human
sexual response is now considered to more accurately re-
flect sexual experience: desire for sex per se being just one
of many reasons or incentives for sex (218, 219). Studies
are needed in women with low sexual interest/incentives
and low arousal (and typically few orgasms) to reflect the
prevalent clinical situation. Most clinical trials to date also
have excluded women with clinical depression, those us-
ing antidepressant therapy, or those with problematic re-
lationships, poor health, or partners with sexual dysfunc-
tion, yet these comorbidities are common (220–223).
Research exploring these psychosocial factors, along with
optimal hormonal evaluation, is needed.
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