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Androgen excess, female infertility and bone mineral density: a review
Nadmiar androgenów, niepłodność żeńska i gęstość mineralna kości: przegląd piśmiennictwa
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Many conditions with androgen excess
are correlated with fertility disorders and
changes in bone mineral density. This can
result in infertility and changes in bone mineral density which are also a risk factor
for osteopenia and osteoporosis. The most
frequently encountered diseases are: polycystic ovary syndrome (PCOS) and congenital adrenal hyperplasia (CAH). This paper
describes above mentioned disorders and
their influence on the reproductive and bone
system.

Wiele schorzeń przebiegających ze zwiększonym poziomem androgenów we krwi
przebiega z zaburzeniami płodności i zmianami w składzie mineralnym kości, powodując tym samym bezpłodność i stanowiąc bezpośrednie zagrożenie dla rozwoju
osteopenii oraz osteoporozy w przyszłości.
Wśród tych schorzeń najczęstsze są: zespół
policystycznych jajników (PCOS) oraz wrodzony przerost nadnerczy (CAH). Poniższa
praca przedstawia omówienie wyżej wymienionych zaburzeń i ich wpływ na układ rozrodczy oraz kostny.

Introduction
The purpose of this review is to integrate understanding of infertility in
women with hyperandrogenism. In this
article most important is the fact, that
infertility is often caused by diseases, in
which androgen excess occur. The second point of this work is to present treatment methods of infertility in androgen excess disorders, of which the most
frequently encountered are: polycystic
ovary syndrome (PCOS) and congenital
adrenal hyperplasia (CAH).
Hyperandrogenemia means elevated
androgen levels [1]. The majority of the
abnormal values circulate in the form of
free testosterone (T), with the sole measurement of total T with all limitations
of measurement methods [2]. There are
many controversies concerning the measurement methods of free and total testosterone in women [3,4]. For example,
salivary testosterone has been tested as
an alternative method of androgen level
measurement in women [5].
The significance of androstenedione
also remains unclear, but it might increase the number of subjects identified as
hyperandrogenic [6]. Some of patients
will demonstrate supranormal levels of
the androgen metabolite dehydroepiandrosterone sulfate (DHEAS)- a weak
androgen primarily produced by adrenal glands. Unfortunately, measuring its
level in plasma has a limited diagnostic
value.
In general, clinical features of hyperandrogenism include following sypmtoms: hirsutism, acne, androgenic alopecia, ovulatory dysfunction, infertility,
oligo/amenorrhea or manifestation of
virilisation (male pattern hair growth,

clitoromegaly, deepening of the voice)
[7]. In patients in whom hirsutism is not
related to medication use, evaluation is
focused on testing for polycystic ovary
syndrome, congenital adrenal hyperplasia, thyroid dysfunction, Cushing
syndrome, hyperprolactinemia and androgen-secreting tumors. It is important
that there are also many medications
causing hirsutism (bupropion, carbamazepine, clonazepam, corticosteroids,
cyclosporine, diazoxide, donepezil, fluoxetine, lamotrigine, mycophenolate,
olanzapine) [8].
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Polycystic ovary syndrome (PCOS)
is one of the most common endocrine
disorder in premenopausal women [9],
which affects about 20% of women of
reproductive age [10]. PCOS is a hyperandrogenic disorder that is characterized by a constellation of signs and
symptoms, including clinical and/or
biochemical hyperandrogenism, ovulatory dysfunction and polycystic ovarian
morphology in ultrasonography [11].
Although the criteria for the diagnosis
of PCOS have been a matter of intense
debate for many decades, all the current
definitions the 1990 National Institute
of Child Health and Human Development criteria [11], the 2003 European
Society of Human Reproduction and
Embryology/American Society of Reproductive Medicine definition [12],
and the 2006 Androgen Excess Society
evidence-based definition [13]) agree
that the exclusion of other disorders
with clinical presentation of hyperandrogenism, including androgen secreting tumors, hyper- or hypothyroidism,
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hyperprolactinemia, Cushing’s syndrome, and nonclassiacal congenital adrenal hyperplasia (NCAH) is required.
Obesity, abdominal obesity, and weight
gain in teenage and adult women can be
used as predictors of the future presence
of hirsutism and menstrual irregularities
in PCOS [14]. Obesity plays an important role in the development of hyperandrogenism and chronic anovulation
[15]. It is also associated with abnormalities of sex steroid metabolism, such as
increased androgen production and suppression of sex hormone–binding globulin (SHBG) [16]. Obese patients with
PCOS have more severe cardiovascular
and metabolic risk factors than their
lean counterparts [17]. Increased body
weight might modify the PCOS phenotype, raise both metabolic and cardiovascular risk, and determine anovulation
[18,19]. Moreover, PCOS is strongly
associated with gestational diabetes. It
should be noted that PCOS is a heterogeneous and inconsistent condition. Additional obesity increases obstetric and
neonatal risk of miscarriage, preterm
delivery, shoulder dystocia, postpartum
hemorrhage and infection. Women with
PCOS have increased risk of pregnancy complications (hypertension, growth
restriction or macrosomia) in PCOS population [20].
Polycystic ovary syndrome is also a
primary cause of anovulatory infertility.
Obesity is commonly found in women
with PCOS and is associated with resistance to induction of the ovulation.
The very primary treatment for anovulatory infertility in obese women with
PCOS is weight loss [21]. It should be
in the first place reached by behavioral
modifications (diet, exercise), secondary therapies include pharmacogical
treatment or surgical interventions [22].
Changes in the lifestyle positively affect
body composition, hyperandrogenism
(high male hormones and clinical effects) and insulin resistance in women
with PCOS. There were no evidences of
effect for lifestyle intervention on improving glucose tolerance or lipid profiles, and no literature assessing clinical
reproductive outcomes and patients’
satisfaction [23]. Additionally, women
with PCOS present lower scores in domains of health- related quality of life
(HRQoL), especially in the emotional
role function [24]. Acupuncture and
physical activity seem to improve those
scores. Authors also suggest that mental
health of women with PCOS requires
further investigations [25]. Short-term
(4–5-month diet and exercise) interventions have also shown to improve the
menstrual cyclicity (40-70%), and about 35% patients confirmed ovulation.
An addition of exercise may improve
body composition, but it did not improve menstrual cyclicity or ovulatory
function compared to diet alone [36].
Weight loss following bariatric surgery
in women with PCOS appears to restore ovulation and menstrual function in
most women with PCOS [27].
OSTRY DYŻUR 2015 . tom 8 . numer 1

Clomiphene citrate, a selective estrogen receptor modulator (SERM), has
been known as the first-line treatment
for ovulation induction for many years.
By the negative feedback result in increasing of gonadotropin-releasing hormone (GnRH) and follicle-stimulating
hormone (FSH), clomiphene leads to
follicle development and ovulation. Although it is more effective (significantly
higher live births) in women with normal weight, it can be also used among
PCOS women [28].
The therapy with clomiphene citrate
should last up to 6-month, as pregnancy rates are not higher with advancing
cycles. The initial dose of clomiphene
citrate is 50 mg for 5 days beginning on
cycle days. Later it may be increased up
to a maximal dose of 150 mg per day
until an ovulatory response is achieved.
Adjunctive treatment with dexamethasone has not yet been proven beneficial
as the first-line treatment [22], but with
metformin it seems to have a positive
effect on hyperandrogenic patients [29].
Alternative for ovulation induction are:
aromatase inhibitors, letrozole and anastrozole, and selective estrogen receptor
modulators, such as tamoxifen [30].
These agents are considered to be a second-line agents.
For many years the insulin-sensitizing
agents such as biguanide (metformin)
and the thiazolidinediones were used
for ovulation induction in order to help
regulate menses and mitigate symptoms
in women with PCOS [31]. In 2008, the
European Society of Human Reproduction and Embryology (ESHRE)/American Society for Reproductive Medicine
(ASRM)-Sponsored PCOS Consensus
Workshop Group reviewed the data
and concluded metformin should be restricted to women with glucose intolerance [22]. A Cochrane review in 2012
analyzed 38 RCTs using metformin
for ovulation induction and concluded
that there is no evidence that metformin improves live birth rates, no matter if it is used alone or in combination
with clomiphene citrate [32]. Another
multicenter, randomized trial evaluated
the use of metformin as a pretreatment
for 3 months in order to restore ovulation. If the pregnancy did not occur,
ovulation induction was commenced
with clomiphene citrate up to pregnancy or 6 unsuccessful cycles. After that
other methods were used. There was
a significant higher live birth rate and
pregnancy rate in the metformin group,
compared to placebo during the period
of ovulation induction [33].
The goal of gonadotropin therapy for
women with PCOS is to provide an
FSH level to initiate and continue a proper mono-follicular development, simultaneously not to perform superovulation. The risk of gonadotropin therapy
is thus multifollicular recruitment with
subsequent ovarian hyperstimulation
syndrome and/or multiple gestations
[34]. The 2008 Thessaloniki ESHRE/
ASRM-Sponsored PCOS Consensus

Workshop Group recommends the step-up method based on results from the
largest study demonstrating a greater
monofollicular response [22]. Gonadotropin stimulation requires monitoring
with a serial ultrasound and serum estradiol levels.
Laparoscopic ovarian drilling is currently the most common surgical procedure to treat PCOS women and can be
performed either with laser or electrocautery [35]. Laparoscopic ovarian drilling restores ovulation in about 50% of
women and improves menstrual regularity. Decreased androgen plasma levels
and the luteinizing hormone (LH)/follicle-stimulating hormone (FSH) ratio
are reported to normalize following the
procedure.
Another method of treatment is an in-vitro fertilization (IVF) which is often
offered to clomiphene- resistant women
with PCOS. The 2008 Thessaloniki
ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group recommended
IVF as the third-line treatment after
step-up gonadotropin protocols [22].
Metformin does not improve pregnancy rates with IVF, but has been shown
to reduce the rate of severe ovarian
hyperstimulation syndrome [36]. The
retrospective IVF study demonstrated a
significant reduction in pregnancy and
live birth rates in obese women [37].
Last but not least and definitely worth
paying attention, is the issue of bone
mineral density in women with PCOS.
The characteristic hormone profile affecting bones in this condition includes:
1. Elevated testosterone and androstenedione level which may have a positive influence on bones.
2. Static 17β-estradiol level, without
an estradiol surge (which affects the
ovulation process) and expected to have
a negative influence on bones.
3. Hyperinsulinemia which has been
shown to have a positive influence on
bone mineral density by activation of
osteocalcin and osteoblasts stimulation
[38,39,40].
Osteoporosis is characterized by low
bone mass and architectural deterioration of the bone, caused mostly by post-menopausal estrogen decrease, calcium
and vitamin D deficiency, aging and
many others. Decreased BMD is commonly known as osteopenia. At first sight androgen excess and hyperinsulinemia should compensate for the negative
effects of estrogens and amenorrhea on
bone mineral density. Estrogens and androgens interact with each other to determine the final BMD, already during
puberty. Among women with androgen
excess this process is modified and lasts longer. The majority of studies show
however, that primarily positive effect
of androgens is suppressed or normalized by estrogen deficiency. Women
with PCOS show rather BMD comparable to healthy population [41,42]. However, there are studies stating, that the
deciding factors in determining BMD
could be obesity and hyperinsulinemia.
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Non-obese PCOS women show lower
BMD and obese women have BMD
comparable to the healthy ones [43].
Also contraceptive drugs might cause
the decrease of the BMD among PCOS
patients [44].
Congenital adrenal hyperplasia
(CAH) is an autosomal recessive disorder caused by mutations in genes
encoding the enzymes involved in the
adrenal synthesis of cortisol [45] which
results in decreased cortisol production
and increased secretion of ACTH. The
excessive synthesis of precursor steroids due to increased ACTH secretion
leads to androgen excess. Main causes
are 21-hydroxylase (affecting both alleles of CYP21) or 11β-hydroxylase
affecting both alleles of CYP11B1) deficiencies [45]. In CAH, failure in cortisol synthesis results in reduced cortisol
feedback and consequently increased
pituitary ACTH release, which promotes over secretion of 17-hydroxyprogesterone (17OHP), progesterone, and
adrenal androgens. When mutations of
the genes cause a complete or almost
complete deficiency of the enzymes, the
classical presentation is the virilization
in female newborns, which may also be
presented in both sexes (male and female newborns) with salt wasting and
hyperkalemia [45,46]. Abnormal hormonal secretion manifests with impaired sex development in girls, precocious pseudopuberty and short stature. In
adulthood with hirsutism in females and
fertility problems in both sexes. CAH
is a life-long chronic disorder. In childhood, treatment focuses on issues of
gender assignment, genital surgery and
optimization of growth and pubertal
development. Priorities change with increasing age, typically focusing on fertility in early adult life and prevention
of metabolic syndrome and osteoporosis in middle and older age, respectively. The clinical symptoms of CAH are
hirsutism, acne and menstrual disorders
[45,47]. Menarche occurs spontaneously in 80% of female patients at a
median age of 13 (range 9–25) years
[48]. Traditionally, reduced fertility rates have been reported in women with
classic CAH, especially in those with
the salt-wasting phenotype. Subfertility
in females with classic CAH is a consequence of several contributing factors,
including androgen excess, adrenal
progesterone hypersecretion, consequences of genital reconstructive surgery,
secondary polycystic ovaries syndrome
and psychosexual factors [49]. Irregular menstruation as an indication of
anovulation was reported in 61% CAH
women [50]. A number of factors have
been suggested as the reasons for the
low fertility among women with CAH
[51,52] such as: delayed psychosexual development, low sexual activity,
adrenal overproduction of androgens
and progestins, PCOS, neuro-endocrine factors and genital surgery. The low
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pregnancy rates has been the subject of
many reports [51,53,54]. Lo and Grumbach reviewed the literature published
between 1956–2000 and reported on
105 pregnancies resulting in the birth
of 73 children in women with virilizing
adrenal hyperplasia [53]. It has been
debated whether corticosteroid doses
should be increased during pregnancy
[55,56]. Cushing’s syndrome, androgen
secreting tumors, drug-induced hirsutism, hyperprolactinemia and congenital adrenal hyperplasia should be excluded by basal and stimulated serum
test and CT/MRI scans. In women presenting ACTH-stimulated 17-hydroxyprogesterone plasma levels more than
or equal to 10 ng/ml, NCAH should be
additionally confirmed by molecular
genetic analysis [57,58]. The aim of
the theraphy is to normalize ACTH and
reduce androgen levels. The therapy
should not result in excessed glucocorticoid exposure with associated complications including short stature, obesity,
hypertension, and an adverse metabolic
profile. In classic CAH, lifelong glucocorticoid and often also mineralocorticiod therapy are mandatory, whereas in
the milder NC form, treatment is given
when patients have symptoms such as
hirsutism, oligo-amenorrhoea or infertility. If corticosteroid supplementation is
insufficient, androgen production from
the adrenals will increase and suppress
gonadotrophin secretion from the pituitary and that will lead to a disturbance
of the ovarian cycle resulting in anovulation and infertility [49,58].
When it comes to the BMD issue, it is
lower than or comparable to, in almost
all the patients with CAH and in heathy
population. Majority of the researches
published so far have evaluated children and only some of them describe
alternations in BMD among adults [5963]. Although adrenal androgens are
said to play a positive role in the bone
mineralization process [64], there is still
an issue of oral glucocorticosteroids
(supplementation) that have a negative impact on bone mineral status [63].
Also patients with the classic form of
CAH have lower BMD than those with
a non-classic form of CAH [60]. Both
man and woman have an icreased risk
of fractures and osteoporosis [61,62].
This is why the supplementation should
be carried out with an optimal dose of
glucocorticosteroids, with monitoring
of the BMD status and proper osteoporosis prophylaxis.
Cushing’s syndrome describes the
signs and symptoms associated with
prolonged exposure to inappropriately high levels of the cortisol. This can
be caused by taking glucocorticoid
permanently or diseases that result in
excess cortisol level, adrenocorticotropic hormone or corticotropin-releasing
hormone levels [65]. Cushing’s disease
refers to a pituitary-dependent cause of
Cushing’s syndrome: adenoma of the

pituitary gland produces large amounts
of ACTH, causing the adrenal glands
to produce elevated levels of cortisol.
It is the most common non-iatrogenic cause of Cushing’s syndrome, responsible for 70% of cases excluding
glucocorticoid-related cases. An easy
way to distinguish Cushing’s syndrome (primary hypercortisolism, specifically) from Cushing’s disease is that
the measured ACTH levels in plasma
are low. The decrease in ACTH is due
to increased negative feedback of cortisol on the hypothalamus and anterior
pituitary [66]. Symptoms of Cushing’s
syndrome include weight gain, particularly with central obesity, excess sweating, teleangiectasia, thinning of the
skin and mucous membranes, purple or
red striae and hirsutism, reduced libido,
menstrual disturbances and infertility in
women due to elevations in adrogens levels in plasma [67]. Other signs include
persistent metabolic disturbances like:
hypertension, insulin resistance or diabetes. Hypercortisolemia leads to serious complications for mother and foetus,
and is associated with premature labor
and high foetal mortality [68].
Studies evaluating bone turnover in
patients with Cushing’s syndrome are
consistent and prove, that the BMD is
decreased and the function of osteoblasts is reduced [69,70,71]. These patients
are in an increased risk of osteoporosis, osteopenia and fractures, whereby
osteoporosis affects about 50% of them
and is the most common cause of secondary osteoporosis [72]. It was proven,
that the bone turnover and severity of
osteoporosis depends on the etiology
of Cushing’s syndrome - more severe
cases and increased bone turnover can
be seen among patients with primary
adrenal than pituary-dependent disease
[72,73]. Also patients with an ectopic
ACTH secretion have higher values of
cortisol level than other groups with
endogenous hypercortisolemia [74].
Another study shows however, that the
duration and degree of hypercortisolism
influence bone status the most [75].
All the researches confirm that cortisol
excess plays the most important role in
bone impairment. Gonadal status seems
to be of less importance[75,76].
Hyperprolactinemia is the most
common disorder of the hypothalamic-pituitary axis. Prolactinoma may be an
important cause for androgen excess.
Although elevated plasma prolactin levels are highly suggestive of a prolactinoma, other causes of hyperprolactemia
like hypothyroisim, Cushing’s disease,
medications should be excluded [77].
Patients typically present with hypogonadism, infertility, hypogonadism, galactorrhea, osteoporosis or, in the case
of macroadenomas, symptoms related
to mass effect (headache and visual
field defects) [78].
A prolactin excess can affect bones due
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to increased bone turnover. One of the
main causes of hyperprolactinemia are
prolactinoma and estrogen deficiency.
Patients with this condition often suffer
from decreased BMD and osteoporosis.
It was shown, that the severity of this
condition correlates positively with longer duration of the disease [79,80]. Increased vertebral fracture incidence was
noted in both women and man [81,82].
Androgen-secreting tumors are rare
in women with hirsutism, comprising
0.2 percent of cases in two studies of
women presenting with clinical hyperandrogenemia [15,83]. Neoplasms
may be adrenal or ovarian in origin,
and often cause high elevations in androgen plasma level. More than one-half of them is malignant. Rapid onset
of hirsutism, virilization, or a palpable
abdominal or pelvic mass are typical
for an androgen-secreting tumor [84].
Conditions associated with low ovarian
hormones levels are among others osteopenia and osteoporosis. Only one research carried out on 14 patients describes
an influence of ovarian secreting tumors
on BMD [85]. They seem to play a protective role to decreased BMD.
Conclusion
In summarizing, androgen excess has
a negative influence on both fertility
and bone system. Patients with hyperandrogenism are often infertile, suffer
from more serious pregnancy complications and are also in a risk of preterm
birth, miscarriage and many others.
Additionally, the majority of them have
lower BMD, suffer from osteopenia or
osteoporosis when compared to the healthy population. It should be noticed,
that this conditions are preventable and
sometimes treatable with an appropriate
diet, exercises and medical treatment.
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