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Abstract

In women, androgens not only serve as precursors for biosynthesis of estrogens but also exert a critical physi-
ological role in sexual function, bone health, mood, behavior, and cognition. Despite research in the 1940s estab-
lishing the physiological role of testosterone (T) in women'’s health and the substantial benefits of T therapy (TTh)
in women, the use of TTh in women today is rare, with little awareness of its value and safety within the medical
community. We have identified several factors that have contributed to this situation, including: The rationale
and use of androgens in women is not taught in medical schools; residual fear from the Women's Health Initia-
tive study that sex hormones are associated with increased breast cancer risk; and absence of regulatory-
approved T products for women in most parts of the world, except Australia. Although concerns regarding
the efficacy and safety of TTh in women with sexual dysfunction have been appropriately addressed in random-
ized, placebo-controlled, studies TTh in women is prescribed by only a small percentage of physicians, and
women who choose this treatment must use products intended for men as off-label treatment or find products
via compounding pharmacies. Looking forward, we envision the possibility within the near future of symptom-
atic women with T insufficiency finding sympathetic health care providers who will recognize and appropriately
treat their condition without negative judgment, allowing these women to experience the health and well-being
associated with robust T levels. For this vision to occur, it will require education in medical school and postgrad-
uate training, and broader acceptance of the science of TTh in women, noting its benefits and excellent safety
profile.
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Introduction

It is commonly believed that medical science moves
forward inexorably, with researchers and clinicians
constantly on the lookout for novel and useful treat-
ments for various conditions afflicting humankind.
Regrettably, our experience over many decades fails
to support this notion. We have been dismayed by
the failure of the medical community to recognize
and embrace the use of testosterone (T) therapy (TTh)
in women with T insufficiency and sexual dysfunction,
despite remarkably powerful evidence of its benefits
and safety dating back to the 1940s.

More than 80 years later, the use of TTh in women is
rare, and there are no Food and Drug Administration
(FDA)-approved T formulations indicated for use in
women in the United States. Recently, a topical T for-
mulation “Androphile” has been approved for use in
women with hypoactive sexual desire disorder (HSDD)
by the Australian Therapeutic Goods Administration
and has been available in pharmacies across Australia
since April 2021. We are not aware of any other testo-
sterone products for women approved by regulatory
agencies in any other countries.

Here, we provide a historical perspective and review
key studies from the past demonstrating the impor-
tance of TTh in women, discuss events that have neg-
atively impacted adoption of this valuable therapeutic
treatment, and consider how greater awareness of the
value of TTh in women will improve the health and
well-being of women across the world.

An Historical Perspective on TTh in Women

with Sexual Dysfunction

In 1947, Carter et al.' wrote: “For approximately a
decade androgen have been utilized as therapeutic
agents in women. The too rigid early concept of an-
drogens as male hormones seemed at first to lend
merely an academic interest to their application for
women; but with the growing awareness that they
were capable of profoundly altering the sexual physi-
ology of women their potential value as therapeutic
agents began to be appreciated. In the intervening de-
cade they have been widely used in the management of
a variety of derangements of female sex physiology
and more recently for numerous metabolic disorders.
The literature which has accumulated is now suffi-
ciently extensive to permit a tentative evaluation of
the present status of androgens as therapeutic agents
in women.”

This elegant and comprehensive review came on the
heels of groundbreaking work by Shorr et al.,” Loeser,’
Greenblatt and Wilcox,* Greenblatt et al.,” Salmon,’
and Salmon and Geist,” who utilized T as a treatment
for women with sexual dysfunction and various gyne-
cological disorders. Loeser’ published his early obser-
vations with TTh in women in 1940 and noted that
“all patients acknowledge great feeling of wellbeing,
more balanced moods and clear thinking; and some
profess also a greater determination.”

In the following years, a remarkable body of work
on TTh in women was published by several renowned
endocrinologists.” " In a 1941 study of women receiv-
ing subcutaneous T pellets, Greenblatt and Wilcox
reported, “increased sexual libido, and a sense of well-
being was notably present in each patient after pellet
implantation.” In one study of 38 women with lifelong
histories of little or no sexual interest, androgen treat-
ment produced a distinct increase in sexual interest in
30 women (79%), with 8 women reporting no changes.

In an additional 50 women who reported normal
sexual interest, androgen treatment resulted in a dis-
tinct increase in sexual interest in 40 women (80%),
with10 women reporting no change. Finally, in a
group of 31 women who once had normal sexual inter-
est and then lost it, 30 women (97%) reported an in-
crease in sexual interest and only 1 woman reported
no changes. It should be noted that the aforementioned
findings were derived from various small studies*®
in which increased sexual interest in patients treated
with T pellets were contrasted with those who did not
receive treatment.

Sexual interest was based on patient “self-reporting”
and not based on a validated questionnaire. The
authors noted a distinct increase in sexual inter-
est based on the number of women reporting an
increased sexual desire.

Greenblatt et al.,” noted that the female libido was a
result not just of hormonal imbalances but also, of
“sentimental, psychologic, and anatomical factors....”
Interestingly, pellet implantation of 100 mg, compared
with parenteral or oral administration, yielded a more
consistent response in increasing libido.” Further,
treatment of fibromyomas of the uterus with T also in-
creased libido and improved the feeling of well-being in
many patients.* This observation was further con-
firmed by Abel."!

Salmon et al.*” reported similar results to those ob-
served by Loeser” and noted clitoral enlargement in six
of his patients and an increase in libido in response to
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androgen treatment. Salmon observed that several young,
married women who formerly considered themselves
sexually “frigid” were able to experience “a marked in-
crease in coital gratification, culminating in an orgasm”
after T propionate injections and that “in the majority
of these cases, the effects wore oft within several weeks
after the discontinuation of the injections.”

Kennedy and Nathanson'? found that the treatment
of patients with breast cancer with androgens resulted
in 37% of patients experiencing increased libido. Studd
et al."”” found that combining 100 mg of T and 50 mg of
estradiol produced greater improvement in libido than
estradiol treatment alone and that libido did not corre-
late with plasma levels of follicle stimulating hormone
or luteinizing hormone, supporting earlier studies by
Davis et al.,'* on the role of T in women’s sexual function.

The Era of Clinical Trials of TTh in Women

with Sexual Dysfunction

Sherwin and Gelfand'® reported that menopausal
women who received androgens alone after hysterec-
tomy and bilateral salpingo-oophorectomy reported
fewer somatic and psychological symptoms than those
who received estrogen alone or placebo and demon-
strated that patients treated with combined androgen-
estrogen or androgen alone had increased energy
levels, well-being, and appetite compared with those
who received estrogen alone or placebo.

The authors indicated that the androgen-treated
group had superior functioning with increased plasma
T levels during treatment, suggesting differential re-
sponses of physical and psychological symptoms to es-
trogens and androgens in surgically post-menopausal
women. In another study, Sherwin et al.'® compared
the effects of androgen treatment on sexual function in
patients treated with androgen alone, androgen plus es-
trogen, estrogen alone, or with placebo.

This study encompassed five groups. One group
(n=12) was treated with estrogen combined with andro-
gen, a second group (n=11) was treated with estrogen
only, a third group (n=10) was treated with androgen
only, a fourth group (n=10) comprised the placebo, and
the fifth group (n=10) served as a control. The study eval-
uated the effects of such treatments on sexual desire,
number of sexual fantasies, level of arousal attained dur-
ing intercourse, and frequency of coitus and of orgasm.

It was reported that women treated with androgen-
containing preparations had significantly higher scores
on each parameter measured during each of the treat-
ment than patients in the estrogen-only group or the

placebo group. Interestingly, when the treatment was
discontinued, during the intervening placebo month,
sexual desire scores fell to levels below those of the con-
trol group.

In 1987, Sherwin and Gelfand'” reported that in
women who had undergone surgical menopause (1n=65),
TTh combined with estrogens improved sexual desire
and sexual arousal compared with treatment with
placebo or estrogens alone. Similarly, Davis et al."*
reported that TTh together with estrogen supplemen-
tation in 34 women for up to 24 months improved
sexual function in women. These improvements encom-
passed increased libido, sexual activity, satisfaction,
pleasure, fantasy, and orgasm, which were not seen
in women treated with estrogen alone.

Sarrel et al.'® reported that TTh together with estro-
gen improved sexual function in women by improving
sensation and desire. This effect was not observed in
women treated with estrogen alone. In a randomized
double-blind parallel group study of 218 women treated
with T together with estradiol versus estradiol alone,
Lobo et al."” reported significant changes in sexual inter-
est score after 16 weeks of estradiol plus T treatment, as
compared with those treated with estradiol alone.

Shifren et al.** conducted a placebo-controlled ran-
domized clinical study in which the control group re-
ceived placebo plus conjugated esterified estrogens, a
second group received 150 ug of T plus conjugated es-
terified estrogens, and a third group received 300 ug T
plus conjugated esterified estrogens. The composite
score of the Brief Index of Sexual Functioning for
Women was significantly increased in women only in
women treated with the higher dose of T.*° These ob-
servations suggest that there is considerable benefit
of T treatment in ameliorating sexual dysfunction in
women and this is independent of estradiol action.

The diagnosis of T insufficiency in women is contro-
versial, but has generally been made based on having
a characteristic constellation of symptoms, combined
with low serum free T, and after excluding other med-
ical conditions, most notably depression.”' Reduced or
absent libido is common among women, and the prev-
alence of loss of libido appears to increase with age or
surgical oophorectomy.”>”** Circulating androgen lev-
els are believed to be a significant independent determi-
nant of sexual behavior in women.*>™*

As summarized in Table 1, a host of clinical stud-
ies have demonstrated significant benefits of TTh on
improving sexual function and metabolism without se-
rious safety concerns.'®!%>%2%->1
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Effects of TTh on Other Metabolic

Function in Women

Although the benefits of TTh in women with sex-
ual dysfunction have been well recognized for many
decades,'®192%28-31L T treatment also improved bone
mineral density, fat-free mass, and fat mass and im-
proved metabolic function.**'~>**"*"** TTh was also
shown to improve mood in women with anxiety and de-
pression, and in women with anorexia nervosa.’®>”>%%3

Safety of TTh in Women

Several adverse side effects of TTh in women have been
anecdotally reported, which include body hair growth,
acne, and voice changes. However, no medically seri-
ous adverse side effects have been reported in clinical
studies®>””* and findings in clinical trials reported in
Table 1. Nevertheless, persistent concerns of serious ad-
verse effects remain an obstacle for the use of TTh in
women. Foremost among these has been the fear that
androgen therapy could lead to an increased risk of
breast cancer due to aromatization of T to estradiol.”> "

This alarming possibility has not been supported by
the available data. Indeed, in the years since the first re-
ports on T in women"*” to modern-day clinical tri-
als,'®'*?%2%>1 no major safety concerns have arisen
(Table 1). Regarding heart disease, Islam et al. con-
cluded, “From a contemporary therapeutic perspective,
there is no evidence that TTh, when used for the treat-
ment of HSDD, is associated with adverse CV effects.”®

As discussed by Traish and Gooren”' and Traish
et al,*>®! several lines of evidence argue against in-
creased breast cancer risk with TTh. These include:
(1) Data from breast tumor cell lines treated with an-
drogens do not support the notion that T increases
breast cancer risk.

On the contrary, androgens inhibit tumor cell growth,
and thus they appear to be protective; (2) several epide-
miological studies reporting an association between T
and breast cancer failed to adjust for estrogen lev-
els.*®* Studies that did adjust for estrogen levels
have shown no association between T and breast can-
cer. (3) Clinical studies with TTh have not shown
any increased incidence of breast cancer. (4) Women
with polycystic ovary disease do not appear to be at
an increased risk of breast cancer compared with the
general population, despite higher serum androgen
concentrations. (5) Female to male transsexuals, who
receive supra-physiological doses of T for long time pe-
riods before surgical procedures, have not been shown
to have an increased risk of breast cancer.”*

(6) Finally, women with hormone responsive pri-
mary breast cancer were treated with aromatase
inhibitors, which block conversion of androgens to es-
trogens, thus elevating androgen levels. These women
do not experience increased incidence of contralateral
breast cancer, nor do they experience increased tumor
growth.

A recent report® suggested that a 10-year analysis
of the Dayton study demonstrated reduced incidence
of invasive breast cancer in T users by 39% compared
with the “age-matched” population. Thus, the data in
the contemporary literature suggest that TTh in women

is unlikely associated with an increased risk of breast
carcinoma, 10:12:43.71.74.78,81,84,86

Events Negatively Impacting Adoption

of TTh in Women

In our view, several key events have contributed to the
failure of the medical community to recognize the im-
portance of androgen insufficiency in women, and to
adopt the treatment of affected women. These include
(1) response to publication of findings from the Wom-
en’s Health Initiative (WHI), (2) lack of approval for
T formulations for women by the U.S. FDA, (3) the
Endocrine Society Guidelines on TTh in women with
T deficiency, and (4) lack of education and training
of health care professionals (HCPs) in this field.

The WHI study

The publication in 2002 of initial results from the WHI
concluded that hormone replacement therapy (HRT)
in women was associated with several serious adverse
health effects, including breast cancer.®” A media frenzy
ensued, reducing the use of HRT in the United States to
a small fraction of previous levels. However, subsequent
studies, including follow-up studies from the original
WHI cohort, have failed to support those initial dire
conclusions. Nonetheless, the belief that sex steroid
use is risky for health, based on the 2002 WHI publi-
cation, has contributed mightily to the reluctance by
clinicians to treat women with TTh.

Absence of FDA-approved T formulations

for women

Regulatory-approved T products for women are not

available throughout the world, except for Australia.

In the United States, two topical formulations under-

went review by the FDA and failed to gain approval.
One of these, a T patch, showed greater efficacy

compared with placebo for the treatment of HSDD,
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yet the FDA declined approval due to safety concerns.
As noted by Parish et al., “Despite the lack of evidence
for cardiovascular events or breast cancer in random-
ized, placebo-controlled clinical trials of T in postmen-
opausal women with HSDD, the regulators had concerns
about these risks, given the results of the Women’s Health
Initiative.”*

The absence of an FDA-approved T product for
women means that clinicians have no choice but to
prescribe T off-label, using T products approved for
men but at a much lower dose appropriate for women,
or use T topical agents or pellets produced by com-
pounding pharmacies. This creates a prescribing hur-
dle to be overcome and contributes to the perception
of TTh in women as “alternative medicine.” It should
be noted that there have been more than two dozen
T formulations for men approved by the FDA.

There is an urgent need for an approved, safe T for-
mulation for the treatment of women with HSDD. As
lamented by Dr. Guay in 2005 after the FDA declined
approval of a T product, “We have lost the opportunity
of having a country and a regulatory agency validate
the concept and diagnosis of androgen insufficiency
in women. This could have facilitated requests for re-
search funding in this area, and made androgen insuf-
ficiency a valid topic for evaluation, even though many
doctors have been treating it off-label for decades.”®

The Endocrine Society Guidelines

on TTh in women

In 2006, the Endocrine Society published a Clinical
Practice Guideline in which they concluded, “We rec-
ommend against making a diagnosis of androgen in-
sufficiency in women at present because of the lack of
a well-defined clinical syndrome and normative data
on total or free T levels across the lifespan that can
be used to define the disorder.” This recommendation
from a highly respected group was a major event that
impeded the adoption of TTh in women.”>*! Other ex-
perts strongly disagreed. Traish et al. commented,
“We disagree with the therapeutic nihilism promoted
by these Guidelines.”®' Braunstein commented, “The
data from well-controlled trials support this approach
(TTh) as being efficacious and safe.”%?

Lack of education regarding women'’s

sexual health

The field of female sexual health is not taught in many
medical schools or in residency programs in the United

States.”>** This lack of education and training contrib-
utes to the reluctance of physicians to even consider the
use of TTh in women.”

When Viagra was approved by the U.S. FDA in 1998
to treat male erectile dysfunction (ED), many middle-
aged men sought out treatment for ED, and it also
stimulated considerable research into the field. How-
ever, there has been no comparable set of circum-
stances for women and sexual dysfunction. In many
Western cultures, women often avoid and/or are embar-
rassed to discuss their sexual health with their HCPs.

In addition, the lack of appropriate training, tools,
time on the part of HCP, and the limited available treat-
ment options all conspire to prevent affected women
with T insufficiency from receiving beneficial treat-
ment. The HCPs may avoid initiating conversation
on sexual health because of a lack of confidence, per-
sonal discomfort, or a sense of discomfort on the part
of the patient,%’97 and the lack of education in this
area compounds the problem. In addition, HCPs may
assume that women’s sexual function is less relevant
after the reproductive years.”®”” The absence of educa-
tion regarding T insufficiency in women during medi-
cal school or residency creates an enormous hurdle for
HCPs to consider taking on the evaluation and man-
agement of this problem in clinical practice.

Looking Ahead

The limited awareness of the importance of T insuffi-
ciency in women is an excellent example of how med-
ical science fails to progress in a straight line from
compelling research to clinical practice. Indeed, as
reviewed earlier, much of the fundamental information
regarding both the impact of T insufficiency and the
benefits of treatment with TTh have been known for
80 years. And yet, the plight of affected women is
that they are unlikely to be diagnosed, and even less
likely to be treated. If they do receive treatment, it
will be off-label via compounded medications since
there are no regulatory-approved T products available
through most of the world.

The impact of this is enormous, affecting millions of
women in the United States alone, depriving them (and
their partners) of satisfying sexual relations, strength,
and vigor. How can this be rectified? Looking ahead,
we see a number of steps that will be necessary to
alter this course. First, the research must and will con-
tinue. We are confident this will occur, as an increasing
number of investigators around the world have demon-
strated interest in T and its effects on women.
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Funding is likely to improve as the false fears gener-
ated by the WHI regarding sex hormones continue to
fade. Of course, there is always the risk of another
study being published that grabs headlines and sets
back the field, but this becomes less likely as the founda-
tional science becomes more established. Research alone
will not be enough, however, as we have already seen.

Second, the lack of education regarding women’s
sexual dysfunction, and T insufficiency, needs to be
addressed during medical education and training.
Inclusion of this topic in formal curricula will go a
long way to creating a sense among trainees that T in-
sufﬁciency is a condition that merits serious attention,
no less than the hundreds of other medical conditions
taught in medical school.

Third, it will be helpful if professional organizations
lend their support to the importance of diagnosing
and treating women with T deficiency. Investigators
and clinicians should consider promoting this concept
within their own societies.

Fourth, it is to be hoped that one or more T products
for women obtain regulatory approval in the United
States and other countries. It is, of course, a business
decision for pharmaceutical companies to decide whether
to pursue the development of such a product, entailing
considerable costs and efforts, which must be balanced
against the likelihood of successful adoption of the
treatment once approval is obtained.

We believe enough time has passed since the last
FDA submission for a T product for women for there
to be a more receptive attitude by regulatory agencies,
which appear to have been spooked the last time by the
firestorm caused by the WHI and rampant fears of se-
rious adverse events with HRT, none of which have
proven correct over the ensuing two decades. Although
compounded T products are effective for women, the
availability of an approved product by a regulatory
agency such as the FDA would provide considerable
comfort to prescribing HCPs and to patients alike
and would go a long way toward making it easier for
affected women to receive treatment.

Looking ahead, we are very encouraged by the
recommendations and conclusions of the “The Global
Consensus Position Statement” on the use of TTh for
women.'® ' This position statement is a valuable
resource for all clinicians who are treating women
complaining of HSDD. The recommendations of this
Position Statement are evidence-based on data derived
from randomized controlled clinical trials and meta-
analyses. The panel recommended that the diagnosis

of HSDD must involve a careful and complete clinical
assessment and contributing factors to sexual dysfunc-
tion in women be determined and managed before
commencing TTh.

The international panel was clear in its recommen-
dations and conclusions that only evidence-based indi-
cation for TTh for women is for HSDD treatment,
given that the contemporary available data provide a
modest therapeutic benefit. The Position Statement
provided clear and firm indication for TTh in women
as well as the potential adverse effects of this ther-
apy and highlighted knowledge gaps remaining to be
bridged. Although meta-analyses of the available data
showed no severe adverse events during physiological
T use in women, caution needs be exercised.

Looking back, we are struck by the failure of science
to effect meaningful change in clinical practice for
women with T insufficiency over such a long period
of time. Looking forward, we are encouraged by nu-
merous developments in the field, perhaps especially
by the growing calls to make women’s health a priority.
We can easily envision a time in the not-too-distant fu-
ture when women with symptoms of T insufficiency
are evaluated respectfully and without dismissing the
importance of their symptoms, undergo prompt and
thorough evaluation, and are offered effective treat-
ment when appropriate. The consequences of this vi-
sion are not only improved health and well-being for
those women, but also a happier existence for their
families, friends, and society as a whole.

Acknowledgments

This article is dedicated to the memory of our friend,
mentor, and colleague Andre T. Guay, MD, a genuine
pioneer, a passionate physician, a fierce advocate for his
patients, and a clinical researcher of the role of andro-
gens in men’s and women’s health carried out with
gravitas and integrity that is unsurpassed.

Disclaimer

This work is solely the intellectual effort of the authors.
The article was conceived, drafted, revised, and final-
ized by the two authors listed in the article.

Author Disclosure Statement
No competing financial interests exist.

Funding Information

This work was not supported by any governmental
agency or any other organization. It is simply the gen-
uine effort of the authors.



Traish and Morgentaler; Androgens: Clinical Research and Therapeutics 2022, 3.1
http://online.liebertpub.com/doi/10.1089/andro.2021.0030

References

1.

20.

21.

22.

23.

24,

25.

26.

Carter AC, Cohen EJ, Shorr E. The use of androgens in women. Vitamins
Horm. 1947;5:317-391.

. Shorr E, Papanicolaou GN, Stimmel BF. Neutralization of ovarian follic-

ular hormone in women by simultaneous administration of male sex
hormone. Proc Soc Exp Biol Med. 1938;38(5):759-762.

. Loeser A. Subcutaneous implantations of female and male hormone in

tablet form in women. Br Med J. 1940;1(4133):479-482.

. Greenblatt RB, Wilcox EA. Hormonal therapy of fiboromyomas of the

uterus. South Surg. 1941;10:339-346.

. Greenblatt RB, Mortara F, Torpin R. Sexual libido in the female. Am J

Obstet Gynecol. 1942;44(4):658-663.

. Salmon U. Rationale for androgen therapy in gynecology. J Clin Endo-

crinol. 1941;1(2):162-179.

. Salmon U, Geist SH. Effects of androgens upon libido in women. J Clin

Endocrinol. 1943;3(4):235-238.

. Dorfman R, Shipley RA. Androgens: Biochemistry, Physiology, and

Clinical Significance. New York, NY: Wiley. 1956.

. Waxenberg SE, Drellich MG, Sutherland AM. Changes in female sexuality

after adrenalectomy. J Clin Endocrinol. 1959;19(2):193-202.

. Davis MB. The use of testosterone in women with recurrent breast

cancer. J Tn State Med Assoc. 1948;41(6):213-218.

. Abel S. Androgenic therapy in malignant disease of the female genitalia.

Am J Obstet Gynecol. 1945;49(3):327-342.

. Kennedy BJ, Nathanson IT. Effects of intensive sex steroid hormone ther-

apy in advanced breast cancer. J Am Med Assoc. 1953;152(12):1135-1141.

. Studd JW, Collins WP, Chakravarti S, Newton JR, Oram D, Parsons A.

Oestradiol and testosterone implants in the treatment of psychosexual
problems in the post-menopausal woman. Br J Obstet Gynaecol. 1977;
84(4):314-316.

. Davis SR, McCloud P, Strauss BJ, Burger H. Testosterone enhances es-

tradiol’s effects on postmenopausal bone density and sexuality.
Maturitas. 2008;61(1-2):17-26.

. Sherwin BB, Gelfand MM. Differential symptom response to parenteral

estrogen and/or androgen administration in the surgical menopause.
Am J Obstet Gynecol. 1985;151(2):153-160.

. Sherwin BB, Gelfand MM, Brender W. Androgen enhances sexual moti-

vation in females: A prospective, crossover study of sex steroid ad-
ministration in the surgical menopause. Psychosom Med. 1985;47(4):
339-351.

. Sherwin BB, Gelfand MM. The role of androgen in the maintenance of

sexual functioning in oophorectomized women. Psychosom Med. 1987;
49(4):397-409.

. Sarrel P, Dobay B, Wiita B. Estrogen and estrogen-androgen replacement

in postmenopausal women dissatisfied with estrogen-only therapy.
Sexual behavior and neuroendocrine responses. J Reprod Med. 1998;
43(10):847-856.

. Lobo RA, Rosen RC, Yang HM, Block B, Van Der Hoop RG. Comparative

effects of oral esterified estrogens with and without methyltestosterone
on endocrine profiles and dimensions of sexual function in postmeno-
pausal women with hypoactive sexual desire. Fertil Steril. 2003;79(6):
1341-1352.

Shifren JL, Braunstein GD, Simon JA, et al. Transdermal testosterone
treatment in women with impaired sexual function after oophorectomy.
N Engl J Med. 2000;343(10):682-688.

Rivera-Woll LM, Papalia M, Davis SR, Burger HG. Androgen insufficiency
in women: Diagnostic and therapeutic implications. Hum Reprod
Update. 2004;10(5):421-432.

Béjin A. Sexual pleasures, dysfunctions, fantasies, and satisfaction. In:
Sexual Behaviour and AIDS (Spira AB, ed). Aldershot, England: Avebury.
1994; pp 163-171.

Laumann E, Paik A, Rosen RC. Sexual dysfunction in the United States:
Prevalence and predictors. JAMA. 1999;281(6):537-544.

Fléter A, Nathorst-Boos J, Carlstrém K, Von Schoultz B. [Androgens in the
treatment of women)]. Lakartidningen. 1996;93(1-2):52-55.

Bachmann GA, Bancroft J, Braunstein G, et al. Female androgen insuf-
ficiency: The Princeton consensus statement on definition, classification,
and assessment. Fertil Steril. 2002;77(4):660-665.

Miller KK, Rosner W, Lee H, et al. Measurement of free testosterone in
normal women and women with androgen deficiency: Comparison of
methods. J Clin Endocrinol Metab. 2004;89(2):525-533.

27.

28.

29.

30.

31.

32

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

1

Davis SR, Tran J. Testosterone influences libido and well-being in
women. Trends Endocrinol Metab. 2001;12(1):33-37

Sherwin BB, Gelfand MM. Sex steroids and affect in the surgical meno-
pause: A double-blind, cross-over study. Psychoneuroendocrinology.
1985;10(3):325-335.

Burger H, Hailes J, Nelson J, Menelaus M. Effect of combined implants of
oestradiol and testosterone on libido in postmenopausal women. Br
Med J (Clin Res Ed). 1987;294(6577):936-937.

Myers LS, Dixen J, Morrissette D, Carmichael M, Davidson JM. Effects of
estrogen, androgen, and progestin on sexual psychophysiology and
behavior in postmenopausal women. J Clin Endocrinol Metab. 1990;
70(4):1124-1131.

Davis SR, McCloud P, Strauss BJ, Burger H. Testosterone enhances es-
tradiol’s effects on postmenopausal bone density and sexuality.
Maturitas. 1995;21(3):227-236.

Watts NB, Notelovitz M, Timmons MC, Addison WA, Wiita B, Downey LJ.
Comparison of oral estrogens and estrogens plus androgen on bone
mineral density, menopausal symptoms, and lipid-lipoprotein profiles in
surgical menopause. Obstet Gynaecol. 1995;85(4):529-537.

. Raisz LG, Wiita B, Artis A, et al. Comparison of the effects of estrogen

alone and estrogen plus androgen on biochemical markers of bone
formation and resorption in postmenopausal women. J Clin Endocrinol
Metab. 1996;81(1):37-43.

Miller K, Corcoran C, Armstrong C, et al. Transdermal testosterone ad-
ministration in women with acquired immunodeficiency syndrome
wasting: A pilot study. J Clin Endocrinol Metab. 1998;83(8):2717-2725.
Dobs AS, Nguyen T, Pace C, Roberts CP. Differential effects of oral es-
trogen versus oral estrogen-androgen replacement therapy on body
composition in postmenopausal women. J Clin Endocrinol Metab. 2002;
87(4):1509-1516.

Braunstein GD, Sundwall DA, Katz M, et al. Safety and efficacy of a tes-
tosterone patch for the treatment of hypoactive sexual desire disorder
in surgically menopausal women: A randomized, placebo-controlled
trial. Arch Intern Med. 2005;165(14):1582-1589.

Buster JE, Kingsberg SA, Aguirre O, et al. Testosterone patch for low
sexual desire in surgically menopausal women: A randomized trial.
Obstet Gynecol. 2005;105(5 Pt 1):944-952.

Simon J, Braunstein G, Nachtigall L, et al. Testosterone patch increases
sexual activity and desire in surgically menopausal women with hypo-
active sexual desire disorder. J Clin Endocrinol Metab. 2005;90(9):5226-
5233.

Warnock JK, Swanson SG, Borel RW, Zipfel LM, Brennan JJ; ESTRATEST
Clinical Study Group. Combined esterified estrogens and methyltes-
tosterone versus esterified estrogens alone in the treatment of loss of
sexual interest in surgically menopausal women. Menopause. 2005;
12(4):374-384

Shifren JL, Davis SR, Moreau M, et al. Testosterone patch for the treat-
ment of hypoactive sexual desire disorder in naturally menopausal
women: Results from the INTIMATE NM1 study. Menopause. 2006;13(5):
770-779.

Davis SR, van der Mooren MJ, van Lunsen RH, et al. Efficacy and safety
of a testosterone patch for the treatment of hypoactive sexual desire
disorder in surgically menopausal women: A randomized, placebo-
controlled trial. Menopause. 2006;13(3):387-396.

Shah S, Bell RJ, Savage G, et al. Testosterone aromatization and cogni-
tion in women: A randomized, placebo-controlled trial. Menopause.
2006;13(4):600-608.

Davis SR, Moreau M, Kroll R, et al. Testosterone for low libido in post-
menopausal women not taking estrogen. N Engl J Med. 2008;359(19):
2005-2017.

Raghunandan C, Agrawal S, Dubey P, Choudhury M, Jain A. A compara-
tive study of the effects of local estrogen with or without local testos-
terone on vulvovaginal and sexual dysfunction in postmenopausal
women. J Sex Med. 2010;7(3):1284-1290.

El-Hage G, Eden JA, Manga RZ. A double-blind, randomized, placebo-
controlled trial of the effect of testosterone cream on the sexual moti-
vation of menopausal hysterectomized women with hypoactive sexual
desire disorder. Climacteric. 2007;10(4):335-343.

FlIoter A, Nathorst-Boos J, Carlstrom K, von Schoultz B. Addition of tes-
tosterone to estrogen replacement therapy in oophorectomized
women: Effects on sexuality and well-being. Climacteric. 2002;5(4):
357-365.



Traish and Morgentaler; Androgens: Clinical Research and Therapeutics 2022, 3.1
http://online.liebertpub.com/doi/10.1089/andro.2021.0030

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Fléter A, Nathorst-B66s J, Carlstrém K, Ohlsson C, Ringertz H, Schoultz
BV. Effects of combined estrogen/testosterone therapy on bone and
body composition in oophorectomized women. Gynecol Endocrinol.
2005;20(3):155-160.

Nathorst-B66s J, Floter A, Jarkander-Rolff M, Carlstrém K, Schoultz BV.
Treatment with percutanous testosterone gel in postmenopausal
women with decreased libido—Effects on sexuality and psychological
general well-being. Maturitas. 2006;53(1):11-18.

Tungmunsakulchai R, Chaikittisilpa S, Snabboon T, Panyakhamlerd, Jai-
samrarn U, and Taechakraichana N. Effectiveness of a low dose testos-
terone undecanoate to improve sexual function in postmenopausal
women. BMC Womens Health. 2015;15:113.

Davis SR, Walker KZ, Strauss BJ. Effects of estradiol with and without
testosterone on body composition and relationships with lipids in
postmenopausal women. Menopause. 2000;7(6):395-401.

Blimel JE, Del Pino M, Aprikian D, Vallejo S, Sarra S, Castelo-Branco C.
Effect of androgens combined with hormone therapy on quality of life in
post-menopausal women with sexual dysfunction. Gynecol Endocrinol.
2008;24(12):691-695.

Miller KK, Biller BM, Hier J, Arena E, Klibanski A. Androgens, and bone
density in women with hypopituitarism. J Clin Endocrinol Metab. 2002;
87(6):2770-2776.

Miller KK, Biller BM, Beauregard C, et al. Effects of testosterone re-
placement in androgen-deficient women with hypopituitarism: A ran-
domized, double-blind, placebo-controlled study. J Clin Endocrinol
Metab. 2006;91(5):1683-1690.

Miller KK. Androgen deficiency in women. J Clin Endocrinol Metab. 2001;
86(6):2395-2401.

Miller KK, Sesmilo G, Schiller A, Schoenfeld D, Burton S, Klibanski A.
Androgen deficiency in women with hypopituitarism. J Clin Endocrinol
Metab. 2001;86(2):561-567.

Miller KK, Deckersbach T, Rauch SL, et al. Testosterone administration
attenuates regional brain hypometabolism in women with anorexia
nervosa. Psychiatry Res. 2004;132(3):197-207.

Miller KK, Grieco KA, Klibanski A. Testosterone administration in women
with anorexia nervosa. J Clin Endocrinol Metab. 2005;90(3):1428-1433.
Miller KK, Biller BM, Schaub A, et al. Effects of testosterone therapy on
cardiovascular risk markers in androgen-deficient women with hypopi-
tuitarism. J Clin Endocrinol Metab. 2007;92(7):2474-2479.

Miller KK, Wexler TL, Zha AM, et al. Androgen deficiency: Association
with increased anxiety and depression symptom severity in anorexia
nervosa. J Clin Psychiatry. 2007;68(6):959-965.

Miller KK. Androgen deficiency: Effects on body composition. Pituitary.
2009;12(2):116-124.

Miller KK, Perlis RH, Papakostas Gl, Mischoulon D, Losifescu DV, Brick DJ,
Fava M. Low-dose transdermal testosterone augmentation therapy
improves depression severity in women. CNS Spectr. 2009;14(12):
688-694.

Miller KK, Meenaghan E, Lawson EA, et al. Effects of risedronate and low-
dose transdermal testosterone on bone mineral density in women
with anorexia nervosa: A randomized, placebo-controlled study. J Clin
Endocrinol Metab. 2011;96(7):2081-2088.

Kimball A, Schorr M, Meenaghan E, et al. A randomized placebo-
controlled trial of low-dose testosterone therapy in women with an-
orexia nervosa. J Clin Endocrinol Metab. 2019;104(10):4347-4355.
Dichtel LE, Carpenter LL, Nyer M, et al. Low-dose testosterone aug-
mentation for antidepressant-resistant major depressive disorder in
women: An 8-week randomized placebo-controlled study.

Am J Psychiatry. 2020;177(10):965-973.

Islam RM, Bell RJ, Green S, Page MJ, Davis SR. Safety and efficacy of
testosterone for women: A systematic review and meta-analysis of
randomized controlled trial data. Lancet Diabetes Endocrinol. 2019;
7(10):754-766.

Davis S, Papalia M-A, Norman RJ, et al. Safety and efficacy of a testos-
terone metered-dose transdermal spray for treating decreased sexual
satisfaction in premenopausal women: A randomized trial. Ann Intern
Med. 2008;148(8):569-577.

Simon JA. Safety of estrogen/androgen regimens. J Reprod Med. 2001;
46(3 Suppl):281-290.

Shifren JL, Mazer NA. Safety profile of transdermal testosterone therapy
in women. Am J Obstet Gynecol. 2003;189(3):898-899; author reply 899.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Braunstein GD. Management of female sexual dysfunction in post-
menopausal women by testosterone administration: Safety issues and
controversies. J Sex Med. 2007;4(4 Pt 1):859-866.

Shufelt CL, Braunstein GD. Testosterone and the breast. Menopause Int.
2008;14(3):117-122.

Traish AM, Gooren LJ. Safety of physiological testosterone therapy in
women: Lessons from female-to-male transsexuals (FMT) treated with
pharmacological testosterone therapy. J Sex Med. 2010;7(11):3758-3764.
Davis SR, Braunstein GD. Efficacy and safety of testosterone in the
management of hypoactive sexual desire disorder in postmenopausal
women. J Sex Med. 2012;9(4):1134-1148.

Maclaran K, Panay N. The safety of postmenopausal testosterone ther-
apy. Womens Health (Lond). 2012;8(3):263-275.

Gooren LJ. Management of female-to-male transgender persons: Med-
ical and surgical management, life expectancy. Curr Opin Endocrinol
Diabetes Obes. 2014;21(3):233-238.

Basson R. Clinical practice. Sexual desire and arousal disorders in
women. N Engl J Med. 2006;354(14):1497-1506.

Tiefer L. A response to the letter by NAMS regarding the role of tes-
tosterone therapy in postmenopausal women. MedGenMed. 2005;7(4):
51; author reply 50.

Moynihan R. FDA panel rejects testosterone patch for women on safety
grounds. BMJ. 2004;329(7479):1363.

Moynihan R. Drug maker urges group to lobby FDA on testosterone for
women. BMJ. 2004;329(7477):1255.

Schover LR. Androgen therapy for loss of desire in women: Is the benefit
worth the breast cancer risk? Fertil Steril. 2008;90(1):129-140.

Traish A, Fetten K, Miner M, Hansen ML, and Guay AT. Testosterone and
risk of breast cancer: Appraisal of existing evidence. Horm Mol Biol Clin
Investig. 2010;2(1):177-190.

Traish A, Guay AT, Spark RF; Testosterone Therapy in Women Study
Group. Are the endocrine society’s clinical practice guidelines on an-
drogen therapy in women misguided? A commentary. J Sex Med. 2007;
4(5):1223-1234; discussion 1234-1235.

Rosner W, Auchus RJ, Azziz R, Sluss PM, Raff H. Position statement: Utility,
limitations, and pitfalls in measuring testosterone: An endocrine society
position statement. J Clin Endocrinol Metab. 2007;92(2):405-413.
Danforth KN, Eliassen AH, Tworoger SS, et al. The association of plasma
androgen levels with breast, ovarian and endometrial cancer risk
factors among postmenopausal women. Int J Cancer. 2010;126(1):
199-207.

Woolcott C, Shvetsov Y, Stanczyk F, et al. Plasma sex hormone con-
centrations and breast cancer risk in an ethnically diverse population of
postmenopausal women: The multiethnic cohort study. Endocr Relat
Cancer. 2010;17(1):125-134.

Glaser RL, York AE, Dimitrakakis C. Incidence of invasive breast cancer in
women treated with testosterone implants: A prospective 10-year co-
hort study. BMC Cancer. 2019;19(1):1271.

Somboonporn W, Davis SR. Postmenopausal testosterone therapy and
breast cancer risk. Maturitas. 2004;49(4):267-275.

Writing Group for the Women’ s Health Initiative Investigators. Risks and
benefits of estrogen plus progestin in healthy postmenopausal women.
Principal results from the Women’ s Health Initiative randomized con-
trolled trial. JAMA. 2002;288(3):321-333.

Parish SJ, Simon JA, Davis SR, et al. International society for the study of
women'’s sexual health clinical practice guideline for the use of systemic
testosterone for hypoactive sexual desire disorder in women. Climac-
teric. 2021;24(6):533-550.

Guay A. Commentary on androgen deficiency in women and the FDA
advisory board’s recent decision to request more safety data. Int J Impot
Res 2005;17(4):375-376.

Wierman ME, Basson R, Davis SR, et al. Androgen therapy in women: An
endocrine society clinical practice guideline. J Clin Endocrinol Metab.
2006;91(10):3697-3710.

Wierman ME, Arlt W, Basson R, et al. Androgen therapy in women: A
reappraisal: An Endocrine Society clinical practice guideline. J Clin
Endocrinol Metab. 2014;99(10):3489-3510.

Braunstein GD. The endocrine society clinical practice guideline and the
North American menopause society position statement on androgen
therapy in women: Another one of Yogi's forks. J Clin Endocrinol Metab.
2007;92(11):4091-4093.



Traish and Morgentaler; Androgens: Clinical Research and Therapeutics 2022, 3.1 13
http://online.liebertpub.com/doi/10.1089/andro.2021.0030

93. Kingsberg SA, Schaffir J, Faught BM, et al. Female sexual health: barriers ¢~ N
to optimal outcomes and a roadmap for improved patient-clinician Cite this article as: Traish AM and Morgentaler A (2022) Androgen
communications. J Women's Health (Larchmt). 2019;28(4):432-443. therapy in women with testosterone insufficiency: looking back and

94. Ahn S-H and Kim J-H. Healthcare professionals’ attitudes and practice of looking ahead, Androgens: Clinical Research and Therapeutics 3.1,2-13,
sexual health care: Preliminary study for developing training program. DOI: 10.1089/andro.2021.0030.

Front Public Health. 2020;8:559851. . J

95. Kuhle CL, Zhang X, Kapoor E. Misconceptions about sexual health in
older women: why we need to talk about it. Mayo Clin Proc. 2021;96(4):

866-869. ( L )

96. Andrews WC. Approaches to taking a sexual history. J Womens Health Abbreviations Used
Gend Based Med. 2000;9 Suppl 1:521-524. CEE = conjugated equine estrogens

97. Utian WH, Maamari R. Attitudes and approaches to vaginal atrophy in ED = erectile dysfunction
postmenopausal women: A focus group qualitative study. Climacteric. EE = esterified estrogen
2014;17(1):29-36. ERT = estrogen replacement therapy

98. Maciel M, Lagana L. Older women'’s sexual desire problems: Biopsy- FDA = Food and Drug Administration
chosocial factors impacting them and barriers to their clinical assess- FFM = fat-free mass
ment. Biomed Res Int. 2014;2014:107217. FM = fat mass

99. Feldhaus-Dahir M. Female sexual dysfunction: Barriers to treatment. Urol FSFI = female sexual function index
Nurs. 2009;29(2):81-85. HCPs = health care professionals

100. Davis SR, Baber R, Panay N, et al. Global consensus position statement HDL = high-density lipoprotein
on the use of testosterone therapy for women. J Clin Endocrinol Metab. HRT = hormone replacement therapy
2019;104(10):4660-4666. HSDD = hypoactive sexual desire disorder
101. Davis SR, Baber R, Panay N, et al. Global consensus position statement LDL = low-density lipoprotein
on the use of testosterone therapy for women. Climacteric. 2019;22(5): MPA = medroxyprogesterone acetate
429-434 MT = methyltestosterone
102. Davis SR, Baber R, Panay N, et al. Global consensus position statement T = testosterone
on the use of testosterone therapy for women. J Sex Med. 2019;16(9): TE = testosterone enanthate
1331-1337. TTh = T therapy
103. Davis SR, Baber R, Panay N, et al. Global consensus position statement on WHI = Women'’s Health Initiative
the use of testosterone therapy for women. Maturitas. 2019;128:89-93. - J
~

Publish in Androgens

= Rigorous peer review
= Authors retain copyright

= Highly indexed
=Targeted email marketing

liebertpub.com/ANDRO

= [mmediate, unrestricted online access

= Compliance with open access mandates



http://www.liebertpub.com/ANDRO

