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Preface

Polycystic ovarian syndrome affects females in reproductive age and may affect up to late
reproductive life. The disease produces considerable morbidity, and one of its foremost phe-
notypes, hirsutism, produces considerable psychological stress in women. Its clinical fea-
tures are widely variable and are not solely diagnostic of polycystic ovarian disease. The
definitions of the disease remains elusive. This can be deciphered from the several diagnos-
tic criteria put forward by different societies from time to time. Various definitions have
tried to take into account the pathophysiology of the disease, but the final word is not yet
out. The controversy continues whether gonadotropin levels or polycystic morphology of
the ovary is the diagnostic abnormality. Polycystic ovarian syndrome is a disorder of excess
androgen, primary or secondary to multiple aetiologies. There are metabolic changes involv-
ing carbohydrate and fat metabolism and increased cardiovascular risk and fatalities. Large
numbers of patients are relieved of the problem, while many of them are still perplexed as
the disease rages unabated.

For clinicians and researchers alike, polycystic ovarian syndrome is currently an intriguing
entity. The controversy on the primary etiological factors and organ of origin of the disorder
is persisting. The genetic and environmental factors interplay and produce a spectrum of the
disorder. Obesity plays a crucial role in the clinical picture. Hirsutism resolves in many but
may be problematic in some patients. Lifestyle changes are sheet anchor, but hormonal con-
trol poses challenges to clinician. The treatment is mostly unsatisfactory. The modifiable fac-
tors in patients must be consistently addressed for improving the outcome from metabolic
and cardiovascular complications.

The book has been written keeping in mind the controversies of definition, pathophysiology
and clinical implications of the disease and tries to put forth the available literature. The
discussion will improve understanding of the disease process and help the readers to care
for patients at large.

Prof. Neeraj Kumar Agrawal

Professor and Head

Department of Endocrinology and Metabolism
Institute of Medical Sciences, Banaras Hindu University
Varanasi, India

Dr. Kiran Singh

Assistant Professor

Department of Molecular and Human Genetics
Institute of Science, Banaras Hindu University
Varanasi, India
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Introductory Chapter: Polycystic Ovarian Disease: The
Rainbow Without Color (SPECTRUM)

Abha Kiran, Uma Pandey and
Neeraj Kumar Agarwal

Additional information is available at the end of the chapter
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1. Introduction

The term polycystic ovarian disease is a misnomer. The question whether it is a disease whole
by itself or a sign of a wider disease complex has eluded many physicians from early 1900s.
The insult to the normal physiology occurs in adolescence or the cause is deep rooted during
the genesis of life; that is, fertilization and embryo formation are not clear yet. It is said that
a person diagnosed with polycystic ovarian disease in adulthood can have signs and symp-
toms of metabolic syndrome in future. It is one disease that affects an young girl who is being
bullied for her hairy faces, and blisters on her faces to a women who is trying hard to work
with her irregular and scanty periods, to women hoping to become pregnant and have a baby
and to a middle aged women who has to remember to take her daily dosage of antihyperten-
sive medication. With increasing number of patients presenting with symptoms of polycystic
ovarian disease, the day is not far when it will become an emerging medical challenge.

2. The challenges in diagnosis

There has been long debate regarding the definition and diagnostic criteria of polycystic ovar-
ian disease. The diagnostic criteria can be dated back to 1990, when National Institute of Child
Health and Human Development (NICHD) gave the first working diagnostic criteria [1].The
NICHD criteria was based on majority opinion and was not on clinical trial [2]. Polycystic
morphology of the ovaries was a consistent finding in women demonstrating biochemical
and clinical evidence of the syndrome [3-6] that was not included in NICHD criteria. Then
came the guideline by European Society for Reproduction and Embryology (ESHRE) and
the American society for Reproductive Medicine (ASRM) criteria in 2003, which included
the ultrasonographic finding of polycystic ovaries. The Rotterdam criteria are controversial.

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN
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Fulfilling two of three diagnostic criteria implies that PCOS can be diagnosed in the absence
of androgen excess or menstrual irregularity —the very factors that were once considered
absolute requisite for the syndrome [7]. Task force appointed by the Androgen Excess and
PCOS society in 2006 considered the menstrual disorder and the ultrasonography finding
of polycystic ovaries to be the presentation of similar pathophysiology and considered them
to be one. At present, there is no definitive diagnostic criteria for polycystic ovarian disease
rather it is a diagnosis of exclusion [7]. For evaluation of hyperandrogenemia, there is no con-
sensus about which testosterone to be measured, when to be measured, what range should
be taken, and what method of measurement is to be used. For features of hyperandrogen-
ism assessment of hirsutism, acne and alopecia are more of subjective feature. Assessment
of menstrual irregularities and serum progesterone for anovulation is also not confirmatory.
Ultrasonographic findings of polycystic ovary are also subjective. None of the above criteria
states for diagnosis of polycystic disease in adolescents where these features could be present
due to pubertal changes [8-10].

3. The challenges for pathophysiological basis

There has been extensive work on finding the etiology and pathophysiology behind this dis-
ease. None could find exact etiology behind this. There is halt in the dynamic endocrinal
milieu of the ovary [1]. There is increase in both LH pulse frequency and production of more
bioactive LH, and there is increased LH:FSH ratio leading to neuroendocrinologic origin
hypothesis. The feedback signal from periphery may be inappropriate or there may be intrin-
sic hypothalamic dysfunction [1]. Hyperandrogenemia came into scene while searching for
a cause of both aberrant peripheral feedback and dysfunctional hypothalamus. The rises in
androgen were both from ovary and adrenal glands, shifting the focus on ovarian pathology
[11-14]. Some attribute the chronic anovulation to be the cause of hyperandrogenemia, and
some authors say the other way. Insulin resistance causes hyperandrogenemia. Insulin causes
selective stimulation of receptor that causes hyperandrogenemia. About 35% of patients have
impaired glucose tolerance and 7-10% have diabetes mellitus [1]. It is a more common finding
in obese polycystic disease patient than in lean PCOS patient. Nearly 25-50% of women with
PCOS have no demonstrable insulin resistance. Approximately 60% of women with PCOS
are obese. The prevalence of PCOS is comparable in women with BMI <18.5, normal weight
women, and BMI 25-30 and BMI 230 [1]. Modern lifestyle and obesity can also be the cause.
Recent researchers are giving significance to the genetic cause. There are genetic and nonge-
netic theories for etiopathogenesis of polycystic ovarian disease. Recently, two-hit hypothesis
has been given. Patient presenting with PCOS are thought be genetically predisposed, and
after environmental insult, they become symptomatic. Genetic predisposition can be because
of mutations affecting ovarian function, female virilization, or intrauterine nutritional sta-
tus of fetus. Environmental insult can be hyperinsulinemia, obesity, and others. There has
been evolutionary theory behind PCOS; to compensate for hyperandrogenemia in male, there
was evolutionary decrease in female fertility and also that in the process of evolution a more
androgenic environment helped nutritionally deprived population to reproduce which in
today’s scenario is not beneficial [11].
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4. The challenges in treatment and outcome

As cause and pathophysiology is not clear, the treatment ranges widely from only lifestyle modi-
fication to planned use of insulin sensitizers like metformin to desperate ovarian drilling, there is
also indecisiveness about the usefulness of present treatment methods in ameliorating long-term
complications like endometrial carcinoma. A simple initial step of losing weight can return ovu-
lation in patients. Losing weight alone does not cure other symptoms. For menstrual irregular-
ity, continuous or cyclical hormonal therapy can be used. For infertility treatment, simple weight
loss can return ovulation or patients have many time opt for in-vitro fertilization. Metformin as
primary drug for ovulation is controversial though it improves insulin-resistant status.

The determinants for calculating the prognosis of the patient are also not clear. With different
age of population presenting with different presentation and with people at increased risk for
variety of problems like infertility, dysfunctional bleeding, endometrial cancer, obesity, type 2
diabetes mellitus, dyslipidemia, hypertension, and cardiovascular disease, it is difficult to frame
a prognostic criteria.
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Controversies in Polycystic Ovary Syndrome
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Abstract

Polycystic ovarian syndrome (PCOS) is the most common endocrinopathy that affects
women from puberty to whole reproductive life. Diagnosis and treatment of PCOS is
not clear. Polycystic ovary syndrome is a multisystem disease that involves dermatolo-
gist examining patients with clinical hyperandrogenism and/or biochemical signs of
hyperandrogenism; gynecologist examines patients with oligo-ovulation or infertility.
The management of PCOS should be tailored to each woman’s specific symptoms,
fertility-related implications, and metabolic disorders. Pharmacologic treatment is not
necessary for all patients with PCOS, also lifestyle changes like exercise, weight loss, and
diet are effective for treatment. Lifestyle changes are often recommended as first-line
treatment for PCOS to benefit general health. Topical nonhormonal therapies and laser
hair removal may be effective for cutaneous symptoms like acne, hirsutism, and andro-
genetic alopecia in the PCOS population and are useful first-line agents. Some pharma-
cological agents (anti-androgens) are used to control the dermatological symptoms of
hyperandrogenism. Metformin is useful for metabolic and glycemic anomalies and for
the treatment of menstrual irregularities, but less effective than antiandrogens for the
treatment of both hirsutism and acne. The aim of this study is to talk about unclear
topics in PCOS and multidisciplinary approach to patients.

Keywords: polycystic ovarian syndrome, hyperandrogenism amenorrhea, hirsutism,
infertility

1. Introduction

Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder among women
of reproductive age but often unrecognized condition. It was first described by Stein and
Leventhal in 1935 as women with polycystic ovaries, amenorrhea, and hirsutism [1]. One in

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgINEN



10 Debatable Topics in PCOS Patients

15 women worldwide is affected by this syndrome [2]. There is actually no consensus on
diagnostic criteria and the figures may change.

Most women with PCOS have infertility or subfertility and other metabolic alterations such as
insulin resistance, dyslipidemia, hyperinsulinemia, and obesity. Despite the etiology of the
syndrome is still far from being elucidated, it could be considered the result of concurrent
endocrine modifications, lifestyle factors, and genetic background. In particular, accumulating
evidence suggests that insulin resistance and compensatory hyperinsulinemia play a pivotal
pathogenic role in the hyperandrogenism of many PCOS phenotypes, which in turn have a
clear detrimental effect on chronic anovulation [3].

There has been considerable controversy about specific diagnostic criteria when all classic
features (hirsutism, irregular menstrual cycles, obesity, and a classic ovarian morphology by
transvaginal ultrasonography) are not evident.

Research for PCOS in the last decade has brought new important insights for the evaluation
and treatment of this disorder. Unclear points for diagnosis and treatment and proper
approach to PCOS-related diseases will be discussed in this chapter.

2. Diagnosis

Some criteria have been proposed for the diagnosis of the disease but these criteria have
changed several times. In fact, clinically recognized hyperandrogenism and the non-regularity
of ovarian function, especially chronic anovulation, are the main criteria. Hirsutism, acne, and
alopecia are clinical signs of hyperandrogenism in these women while it may be difficult to
make a diagnosis due to phenotype, obesity, race/ethnicity, and environmental factors. Most of
these women have polycystic ovaries that can be shown in imaging studies, but this is not a
criterion for diagnosis because many healthy women may have polycystic ovaries. The diag-
nosis of the polycystic ovary was also revised. Most of the researchers used the presence of at
least 12 follicles (measuring 2-9 mm in diameter) in each ovarian as a criterion prior to 2014.
Dewailly et al. reported that the threshold value of >25 follicles is significant for diagnosis [4].
In addition, it is not uncommon for PCOS to coexist with obesity, insulin resistance,
dyslipidemia, endothelial dysfunction, and other metabolic disorders. All of these suggests
metabolic syndrome.

2.1. Diagnostic criteria

According to 1990 National Institutes of Health (NIH) criteria, hyperandrogenemia findings
and ovulation disorder were defined as PCOS. In 2003, Rotterdam criteria for PCOS diagnosis
were accepted by the NIH (Table 1) [5].

General agreement exists among specialty society guidelines that the diagnosis of PCOS must
be based on the presence of at least two of the following three criteria: chronic anovulation,
hyperandrogenism (clinical or biological), and polycystic ovaries [6].
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NIH 1990 criteria Rotterdam criteria [5] AE-PCOS Society criteria
Hyperandrogenism Required Two of three required Required
Ovulatory dysfunction Required Two of three required Either ovulatory dysfunction
(oligo- or amenorrhea) or PCOS morphology required
PCOS morphology Not required Two of three required Either ovulatory dysfunction

or PCOS morphology required

Table 1. Diagnostic criteria for PCOS.

2.1.1. Detecting of ovulatory dysfunction

The definition of ovulatory dysfunction is not clear. If the menstrual cycle length is longer than
35 days, it is assumed that chronic anovulation is present and that special tests are not needed.
A 30-35 day cycle can also be anovulatory. Measurement of serum progesterone in the mid-
luteal stage (Days 21-22) is the best way to evaluate ovulation. Progesterone levels > 2.5 ng/mL
may indicate ovulation but values of 27 ng/mL are needed for normal luteal function [7]. Three
consecutive measurements with a total serum value of >15 ng/mL indicate normal luteal
function. Alternatives to progesterone measurement such as baseline body temperature sched-
ules, urinary luteinizing hormone (LH) kits, or timed endometrial biopsy may be suggested,
but do not provide sufficient information about the luteal phase. The cycle time for
oligomenorrhea is 235 days in adult women. The threshold value during puberty is higher
and a cycle length of up to 40 days can be considered normal.

2.1.2. Measurement of androgens

In women, the androgen source is the adrenal cortex and the ovaries. Testosterone is produced
from the ovary, DHEA-S is produced from the adrenal gland, and androstenedione is pro-
duced from both adrenal and ovarian.

The issue of which serum androgen should be measured for diagnosis of PCOS remains
controversial. Free testosterone (T) levels are more sensitive than the measurement of total T
for establishing the existence of androgen excess. The normal value of total testosterone level is
20-60 ng/dl. In cases with PCOS, the total testosterone level is generally lower than 150 ng/dl.
If the total testosterone level is higher than 150 ng/dl, testosterone-secreting adrenal tumor,
ovarian tumor, or ovarian hypertrophy should be suspected. In patients using oral contracep-
tives, total androgen levels should be measured 8-12 weeks after drug withdrawal.

Direct analog RIA measurement in commercial laboratories is notoriously inaccurate. Ideally,
it should be determined through equilibrium dialysis techniques. Consequently, if the clinician
is uncertain regarding the quality of the free-T assay, it may be preferable to rely on calculated
free T, which has a good concordance and correlation with free T as measured by equilibrium
dialysis methods [8]. Value of measuring levels of androgens other than T (dehydroepiandros-
terone sulfate, androstenedione) in patients with PCOS is relatively insignificant. If dehydroe-
piandrostenedione sulfate (DHEAS) levels are higher than 700 ug/dL, adrenal tumors should
be suspected. DHEAS levels may also increase in cases with LOCAH (late-onset congenital
adrenal hyperplasia), Cushing’s disease, adrenal adenomas as well as PCOS.
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2.2. Other laboratory tests

Patients with non-classical 21-hydroxylase deficiency may develop as PCOS hyperandrogenism,
anovulation, and PCO. Therefore, evaluation of serum 17 hydroxyprogesterone (170H-PG)
should be always included in a diagnostic study [9, 10]. Serum 170H-PG levels higher than
10 ng/mL indicates the presence of 21-hydroxylase deficiency, while values between 2 and 10 ng/
mL suggest that further testing with adrenocorticotropic hormone stimulation is needed [10].
Serum AMH > 5 ng/mL is also reported to be significant for PCOS [11].

2.2.1. Evaluation of ovarian morphology

Ovarian morphology is usually evaluated by transvaginal ultrasonography. Transabdominal
ultrasonography may be used for virgin patients, but ovarian morphology assessment and
especially the calculation of the number of small follicles may be difficult. Ultrasonographic
imaging technology has been rapidly developing and the clinician should know that the number
of follicles visible is related to ultrasound quality [4]. According to current Rotterdam guidelines,
PCO is defined as the presence of at least 12 follicles measured 2-9 mm or an increased ovarian
size (>10 mL) (Figure 1) [12]. The new AES guidelines, based on the observation of published
data using new ultrasound technology, increased the threshold number of small ovarian follicles
to 25 [4]. The ovarian size threshold is unaffected by new technologies and the threshold between
normal and increased ovarian size is assumed to be 10 mL. In some populations, during puberty
or aging, a different threshold for ovarian size may be suggested [13].

2.2.2. Clinical signs of hyperandrogenism

Hirsutism is defined as excessive hair growth in women in a manner consistent with androgen
sensitivity. Typically, hirsutism in PCOS is followed by initial menarche, whereas in some of the
adolescent girls, pubic hair development and hirsutism had already begun 25-33% of white
women have terminal hair on the upper lip, periareolar area or linea-alba, but hirsutism and
various other hyperandrogenic disorders are more prominent in PCOS. The presence of substan-
tial numbers of terminal hairs over the chin, neck, lower face, and sideburns (particularly if
extending medially) indicates the presence of androgen excess. It should be noted that ethnic
differences in the number of hair follicles present and individual skin sensitivity of the

Figure 1. Transvaginal sonographic view of a polycystic ovary syndrome patient (Istk Kaban M.D. photo archive).
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pilosebaceous unit to androgens are major determinants of the presence of hirsutism, as well as
acne and androgenic alopecia (Figures 2-5) [14]. Ferriman-Gallwey scale has been the most
widely used for evaluating hirsutism, but it is limited by its subjective nature and failure to
include the sideburn, perineal, or buttock areas [15]. In this system, nine regions in the body are

Figure 2. Androgenetic alopecia.

Figure 3. Acne and facial hirsutism.
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Figure 4. Hirsutism.

Figure 5. Acanthosis nigricans.

scaled from zero (no terminal hair) to four (excess hair). Above eight is regarded as hirsutism.
Additionally, acne, androgenetic alopecia, and virilization indications (clitoromegaly, muscle
mass increase, voice thickening, diminution of breast size, libido increase) should be examined.

Ferriman-Gallwey scoring system for hirsutism: upper lip, chin, chest, upper back, lower back,
upper abdomen, upper arm, forearm, and thigh/leg are the body parts used for hirsutism
diagnosis.
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At this point, the differential diagnosis of these patients is important. Late-onset congenital
adrenal hyperplasia (LOCAH) should be remembered especially in puberty patients. The use
of drugs such as methyltestosterone, anabolic steroids (norethandrolone, etc.), phenytoin,
diazoxide, danazol, cyclosporin, valproic acid, and minoxidil, which stimulate hair growth
with androgenic effect, should be questioned. In terms of Cushing’s disease, findings such as
stria, central obesity, buffalo hump, and plethora should be investigated. Galactore should be
investigated for hyperprolactinemia.

Acne is another clinical sign of hyperandrogenism. The likelihood of developing PCOS in girls
with severe acne or acne resistant to treatment may be up to 40% in adolescents [16, 17]. In
cases with persisting after adolescence, or aggravating by mid-20s, hyperandrogenemia is
common and acne can be considered a clinical sign of hyperandrogenism. However, during
adolescence, acne should not be considered a substitute for hyperandrogenism [18].

Only those with acne can have serum free T levels as well as those seen in hyperandrogenic
disease states. Likewise, hirsutism without acne is also the case [17].

Hair loss in women with hyperandrogenism is variable. Women with severe hyperandrogenemia
may experience bitemporal hair loss and loss of the frontal hairline [19].

2.2.3. Treatment options for women with hyperandrogenism

Some pharmacological agents (anti-androgens) are used to control the dermatological symptoms
of hyperandrogenism. Oral contraceptive agents can effectively reduce the androgenic effect by
increasing the sexual hormone binding globulin and/or suppressing ovarian production of
androgens. In addition, physiologic doses of dexamethasone or prednisone may directly reduce
adrenal androgen production. The basic mechanism of anti-androgen therapy is competitive
antagonism of the androgen receptor or inhibition of 5a-reductase to prevent the conversion of
testosterone to its more potent form, 5a-dihydrotestosterone. Spironolactone, cyproterone ace-
tate, and flutamide are effective with competitive antagonism and finasteride is effective with the
inhibition of 5a-reductase.

The mainstay of primary care is oral contraceptive therapy for dermatological problems in
hyperandrogenism. Oral contraceptives contain estrogen (ethinyl estradiol) and a progestin.
A 20-35 pg of daily ethinyl estradiol effectively suppresses pituitary-ovarian axis and
reduces ovarian androgen production. The ideal progestin to be used in PCOS is progestins
with the lowest androgenic profile such as chloramidon and drospirenone; however, these
may induce venous thrombosis and are contraindicated in obese patients. Oral contracep-
tives induce the synthesis of sex hormone binding protein (SHBP) from the liver and may be
more effective in controlling hirsutism and acne than transdermal or vaginal ring prepara-
tions. These formulations may be combined with anti-androgenic therapy to achieve a better
response against hirsutism. Spironolactone is an aldosterone antagonist and widely used
androgen blocker, its progestational activity may also reduce levels of the gonadotropin-
releasing hormone. Spironolactone can induce hyperkalemia. Headaches and dizziness as
side effects are relatively frequent, and the patient should increase water and salt intake
during hot weather. Spironolactone can cause intermenstrual spotting in about half of
women.
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Finasteride is a Sa-reductase inhibitor and may decrease DHT levels by 50-60%. Significant
anti-androgenic effects were shown after 6 months of treatment at 5 mg/day dose [20, 21]. The
use of 5a-reductase inhibition therapy should be considered when the previous therapy with
oral contraceptive and spironolactone is relatively ineffective [22]. Dutasteride, another anti-
androgen molecule which has limited data, reduces plasma DHT more significantly than
finasteride and inhibits the conversion of testosterone to dihydrotestosterone by the inhibition
of 5a-reductase isoenzymes [23].

Metformin is an alternative therapy for hirsutism in women with PCOS who have other
indications for the use of metformin. This oral antidiabetic drug is useful for metabolic and
glycemic anomalies and for the treatment of menstrual irregularities, but less effective than
antiandrogens for the treatment of both hirsutism and acne [22, 24].

It should be remembered that hirsutism treatment is a continuing treatment that the medical
treatment response does not occur 6 months before the hair cycle and individualization of the
treatment are necessary.

2.3. PCOS in the adolescent

PCOS commonly presents in the adolescence; underestimation may be more in this period
because of some confounding factors such as acne, menstrual irregularities, and hirsutism [25].
These factors may also be observed in normal puberty thus misdiagnosis may be common.
Anovulatory cycles and menstrual irregularities with variable cycle length are common during
first years following menarche due to the immaturity of the hypothalamic-pituitary-ovarian
axis. Additionally, large, multicystic ovaries in adolescents may also be considered normal as a
result of natural ovarian development. It may be acceptable to clinically follow the patient for
2-3 years in terms of defining the over dysfunction in adolescents [26].

Hyperandrogenism leading to acne and hirsutism may be associated with normal puberty
rather than underlying PCOS, and hyperinsulinemia is a characteristic of normal puberty.
Furthermore, ranges of laboratory values for the hyperandrogenemia and Ferriman-Gallwey
scoring system are established for adults and may not be of similar clinical importance in
adolescence.

On the other hand, symptoms in adolescents are heterogeneous and may change over time,
PCOS diagnosis may be overlooked.

In conclusion, clinical findings for PCOS in adolescents can be confusing and laboratory
measurements are important. Lower and upper bounds of testosterone are not clear in young
girls [25, 27].

2.4. PCOS and malignancy

A relationship between PCOS and malignancy has been reported in the literature, but this
relationship is not strong. The altered metabolic and hormonal environment among women
with PCOS may increase the risk of some types of cancer.
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In a systematic review by Chittenden and colleagues, they investigated the gynecological
malignancy association with PCOS and reported that women with PCOS are more likely to
develop endometrial cancer (odds ratio 2.70) and ovarian cancer (odds ratio 2.52) but not
breast cancer [28]. John et al. compared 919 women with PCOS and 72,054 women without
PCOS in their meta-analyses and reported that women of all ages with PCOS have an
increased risk of endometrial cancer (odds ratio 2.79), but the risk of ovarian and breast cancer
was not significantly increased overall [29]. Another meta-analysis by Holly et al. reported that
the associations between PCOS and endometrial, ovarian, and breast cancer are complex [30]
and argued that studies showing PCOS association with endometrial cancer do not take into
account body mass index (BMI) criteria. BMI is a strong and well-established risk factor for
endometrial cancer. In these women, the oligomenorrheic environment increases hyperplasia
and cancer risk. Prevention of oligomenorrhea by providing cyclic progesterone supplementa-
tion is important for reducing risk [31].

As a result, the risk of endometrial cancer in women with PCOS may be increased [32].
However, there is no clear association between other types of cancer and PCOS.

3. Dermatological approach to polycystic ovarian syndrome

Polycystic ovary syndrome is a multisystem disease that involves dermatologist examining
patients with clinical hyperandrogenism and/or biochemical signs of hyperandrogenism;
gynecologist examines patients with oligo-ovulation or infertility.

Although PCOS is a heterogeneous disorder without an easily identified single etiology, the
key pathophysiologic components appear to include androgen excess, abnormal gonadotropin
dynamics, and insulin resistance. Patients should be informed about long-term treatment,
including lifestyle changes with systemic treatment. Success in effective management of
women with PCOS is a synchronized effort between dermatologist, endocrinologist, obstetri-
cian, nutritionist, and physical trainer [33].

4. Treatment

Lifestyle changes, local treatment approaches, and pharmacological treatment will review
under the heading of treatment.

In cases with PCOS, lifestyle modification resulting from medical nutrition therapy and exer-
cise is effective in improving clinical signs and symptoms of hyperandrogenemia. With life-
style changes, SHBG levels increase as serum androgen levels decrease as a result of weight
loss. Stop smoking is also important to reduce the complications of oral contraceptive use [33].

Local treatment; hair removal methods such as hair bleaching, tearing, shaving, waxing, electrol-
ysis, laser hair removal, and local drug application such as eflornithine are used. It can be
applied as a single treatment in the case of localized small incisions. Medical treatment is applied
when waiting for the response. It has been shown that shaving does not increase the formation of
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new hair, and it should be explained that the illness should not underestimate this concern. It has
been shown that laser epilation can treat up to 2 years hirsutism in randomized controlled trials.
Since hair follicle stimulation continues in hyperandrogenic women, hair growth after laser
epilation repeats. About 13.9% eflornithine topical cream inhibits DNA synthesis by inhibiting
ornithine decarboxylase enzyme and suppresses the mitotic activity of the hair follicle. Terminal
hair growth begins again when the drug is stopped.

Patients with polycystic ovarian syndrome are referred to clinics of dermatology with cutaneous
androgenesis findings such as hirsutism, acne, and alopecia. For this reason, pharmacological
treatment is often required to treat hyperandrogenemia. It should be remembered that hirsutism
treatment is a continuing treatment, which the medical treatment response does not occur
6 months before the hair cycle and individualization of the treatment is necessary. Treatment
may not be necessary for the patients who do not worry about hirsutism, planning to be
pregnant, and regular menstrual cycles. OCSs are used as the only medication in mild hirsutism
cases, while OCSs are used in combination with other antiandrogen drugs in severe and moder-
ate hirsutism. Hirsutism adolescent girls respond perfectly to medical treatment. The combina-
tion of spironolactone and an oral contraceptive provides effective medical treatment. This
combination also improves spironolactone-related menstrual irregularities. If there is no
response after 6 months of treatment, the treatment should be changed. The combination of
mechanical and medical treatment provides a rapid and effective remedy. The average duration
of treatment is 2-3 years. Because the underlying cause is persistent, local or drug treatment does
not completely cease, and the complaints start again after the treatment is discontinued.

Insulin-sensitizing drugs (metformin and pioglitazone) are used in the treatment of
hyperandrogenemic patients with severe insulin resistance syndrome. It should not be used as
a primary treatment in incontinent cases. Metformin is preferred for patients with PCOS with
glucose intolerance. In these cases, metformin may contribute to other treatments on hirsutism.
Glitazones are not recommended for treatment of hirsutism due to possible cardiovascular side
effects. It is the first choice in the treatment of menstrual and ovulatory dysfunction, especially in
obese cases of lifestyle change and weight loss.
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Abstract

Most of the time, polycystic ovary syndrome (PCOs) is considered as an obese women
disease; lean PCOs patients need to evaluate and treat completely as a neglected subgroup.
Androgen excess signs and symptoms, insulin resistance (IR) and its consequences, cardio-
metabolic risks, and regular exercise must be noted and managed carefully.

Keywords: lean, non-obese, androgen, insulin, PCO

1. Introduction

Polycystic ovary syndrome (PCOs) is the most common reason of androgen excess in
reproductive-age women with a prevalence of 6.5-8% according to clinical appearance [1] or
even up to 20% by sonographic evidence [2].

For the first time, Stein and Leventhal described it in the year 1935 [3]. Year after year, the
description of the disease developed; in 1990, the National Institutes of Health (NIH) men-
tioned oligo-ovulation and hyperandrogenism with or without hyperandrogenemia (HA)
must be together (of course, after exclusion of another causes of androgen excess) [4].

Another expert meeting in 2003 expanded the NIH definition of PCOs by adding the sono-
graphic aspect of the disease (Rotterdam criteria) [5]. According to their criteria, two of three
signs/symptoms are necessary for PCOs diagnosis; therefore, PCOs woman can be ovulatory
with regular menstruation.

More recently, the Androgen Excess Society (AES) advocated that all of the signs and symp-
toms should be present for the confirmation of diagnose [6] (Table 1).

Contrary to physicians” and patients’ belief, weight or body mass index (BMI) had never been
a part of PCOs definition.

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgIN
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NIH Criteria 1990 (all of them) ESHRE'/ASRM? (Rotterdam) 2003 (two of three) ~AES 2006 (all of them)

Hyperandrogenism + hyperandrogenemia Hyperandrogenism+hyperandrogenemia Hyperandrogenism +
hyperandrogenemia

Oligo-ovulation Menstruation abnormality Opvarian dysfunction +

sonographic aspect

Sonographic aspect of poly cystic ovary

Exclusion of other androgen excess conditions is necessary for all of definition: (21-hydroxylase deficient, thyroid dys-
function, nonclassical adrenal hyperplasia, hyper prolactinemia, drug-induced androgen excess, androgenic neoplasm,
Cushing syndrome, growth hormone excess).

'European Society for Human Reproductive Medicine.

2American Society for Reproductive Medicine.

Table 1. Different definition of polycystic ovary syndrome.

According to epidemiological data, there is a wide variation in the prevalence of obese and
non-obese PCOs women: in Korean population 20%, in Europe 27-50.5%, and in USA 67% of
PCOs woman are obese [7-11]. Regarding to different ethnicity, the prevalence of normal
weight and underweight patients with PCOs has been reported 1.5-6.6% [12, 13]. Entirely, by
using Rotterdam criteria, the overall prevalence of PCOs is increasing because ovulatory or
non-hyper androgen PCO patients also are considered [14].

By definition, women with BMI < 25 are non-obese and with BMI > 25 considered obese.

Although at now, we have a few reports about the prevalence of non-obese PCOs patients, but
attention toward those patients and their metabolic and health problems are enhanced day by day.

The pathophysiology of PCOs is multifactorial and manifests the final effect of genetic, fetal,
environmental, and metabolic factors. As a result of weakness or strength of each factor,
clinical and subclinical character and their response to therapeutic efforts will be different.

2. Genetic and PCOs

Obvious familial clustering of PCOs and higher prevalence of its sign and symptom, like type 2
diabetes mellitus (I2DM) and hyperandrogenemia in first-degree relatives of women with PCOs,
demonstrate its genetic origin [15, 16]. Also, in the Dutch twin study, higher degree of heritability
was shown [17]. Initially, autosomal dominant mode of inheritance was suggested [18]; but after a
while, researches demonstrate it has more complex inheritance pattern. Despite the progress in
genes or loci study, no single gene has been successfully described as the certain responsible gene
among all studies [19]. According to microarray analysis results, 14 important genes were recog-
nized: 6 genes were identified as down-regulated genes and 8 genes as up-regulated genes [20].
Another proposed genes are CYP11A, the insulin gene, and a region near the insulin-receptor
gene [21]. Also, controlling genes in folliculogenesis and LH receptor and coding genes for TNF-
alpha, IL-6, and IL-6 receptor can be involved in the pathogenesis of this syndrome [22].
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3. Insulin and PCOs

For the first time in 1980, the relation between this syndrome and insulin was determinate [23].
Clinically insulin resistance (IR) is specified as inability of a known amount of endogenous or
exogenous insulin to enhance glucose uptake and consumption. As a result of a misbelief that
IR always accompanies with obesity, in clinical practice, IR is underestimated in non-obese
PCO women. IR is a common character between obese and non-obese PCO patients and its
overall prevalence is 50-75%. Up to 35% of PCOs women have IGTT and 7-10% are type 2
diabetes mellitus (T2DM) [24].

At now, the most used IR indices are homeostasis-model assessment (HOMA) and insulinemic
2-h area under the curve (AUCi 2 h), both derived from oral glucose tolerance test (OGTT) [25].
The 120-min glucose and insulin evaluation (HOMA-Mjy) is the best IR index in lean PCOs
women according to Morciano et al. study [26]. Meanwhile, there are several earlier studies
about IR evaluation in lean PCOs women [27-29]. Although, a study in a large group of
European lean PCOs patients displayed that this group had significantly less IR compared
with obese PCO women [30]; but, instead of it, there is evidence that in American and Asian
PCOs women, IR is independent from BMI [31]. It seems that dietary composition and ethnic
background associated with this discrepancy.

Owing to another recent study, the crucial role of insulin in PCO pathogenesis empha-
sized that IR shall be evaluated even in normal weight and lean PCOs patients [12].

As suggested in the earlier study [32], hyperinsulinemia stimulates ovarian P450c17 alpha
activity in non-obese women with PCOs, which means more conversion of progesterone to
androstenedione which is changed to testosterone. In granulosa cell, insulin intensifies their
response to LH. Therefore, these cells experience premature arrest of follicular growth and
abnormal differentiation, and thus anovulation. Also, elevated insulin resistance causes hyper-
glycemia which leads to hyperinsulinemia and it can increase LH action on theca cells and
subsequent elevation in androgen level. Hyperinsulinemia, insulin resistance, and enhance-
ment in androgen production are the famous pathophysiology triads in PCOs. From another
side, elevated level of insulin prevents hepatic sex hormone-binding globulin (SHBG) produc-
tion, which can lead to elevated free androgen and again elevated level of insulin, a positive
feedback in an undesirable circle. Thus, IR and hyperinsulinemia are the principal pathological
causes of this syndrome, and hyperandrogenemia is their consequence.

As insulin resistance has fundamental role in non-obese PCOs patients, then metformin
administration have a beneficial effect on them and regulate their menstruation cycle [33]. As
well, there is a new therapeutic option: inositol, a precursor component of second messenger
for follicle-stimulating hormone (FSH), thyroid - stimulating hormone (TSH), and insulin recep-
tor. This drug can overcome IR from another way [34]. It is important to mention that only 15%
of women with IR are having PCOs criteria; therefore, insulin resistance cannot be the only
pathophysiologic pathway [35] and metformin administration may not be effective in all of
lean PCOs.

25
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4. Androgens and PCO

About 10-12% of women in reproductive age suffer from androgen excess sign and symptom.
It can be caused by androgen overproduction (from ovary or adrenal gland) or secondary to
increased sensitivity of pilosebaceous unit (with normal level of androgens). Hyperandrogenemia
is another hallmark of PCOs; mainly by ovarian resource and less by adrenal. In PCOs women,
60% of serum androstenedione and testosterone (T) are secreted by ovary. Surprising, ovarian
androgens will not prominently affect LH production, thus an elevation in free testosterone
or androstenedione will not decrease ovarian synthesis of these androgens in women, contrasting
to men.

As mentioned before, in PCO women, insulin in a solitary manner or with synergetic effect of
LH induces androgen production by ovaries. Even in lean PCOs women with normal meta-
bolic insulin sensitivity and insulin levels, decline of insulin secretion with diazoxide (like
metformin) prominently reduce levels of free T and androstenedione and meaningfully increased
SHBG [36]. In these women, hyperandrogenemia is seen because of augmented sensitivity of
their androgenic pathway to insulin and dysregulation of steroidogeneses enzymes based on
genetic predisposition [37]. Therefore, even in PCOs patients with normal insulin metabolic and
without clinical approved IR, local resistance in the ovaries increased androgens production [38].

Androgen excess or hyperandrogenemia (HA) in PCOs women contribute in exacerbation of
metabolic abnormalities, such as insulin resistance in adipose tissue and skeletal muscle and
elevation in lipid metabolism in visceral fat, decreased lipolysis in subcutaneous fat, increased
low-density lipoprotein cholesterol (LDL-C) levels decreased HDL-C levels. Besides that,
androgens may be involved in possible direct vascular action [39]. There are some studies, in
which hyperandrogenemia was accompanying with metabolic syndrome (MetS) in non-obese
PCOs more than obese PCOs women [40, 41].

Hyperandrogenemia or androgen access clinical signs are mainly cutaneous manifestations:
hirsutism, acne, androgenic alopecia, acanthosis nigricans (AN), and seborrhea. In one study,
their prevalence in PCOs women was: 78, 48, 31, 30, and 29% (in mentioned order) [42]. In
another study, the prevalence of acanthosis nigricans in obese PCO was 42.5% compared to
28% in non-obese [43]. One published paper shows that AN is a marker of hyperinsulinemia in
both obese and non-obese PCO patients rather than a sign of androgen excess and the only sex
steroid associated with histological AN is dehydroepiandrosterone sulfate (DHEAS) [44].

Pharmacological management of hyperandrogenic skin symptoms has two targets: firstly,
decrease the level of circulating androgens, and secondly prevent their effect at tissue level.
Cyproterone acetate/ethinylestradiol has beneficial effect in non-obese PCO women with
hyperandrogenic skin symptoms [45].

5. Inflammation and PCO

There are many published studies about proinflammatory or inflammatory situations in PCOs
woman. Increased level of circulatory inflammatory markers like C-reactive protein (CRP),
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tumor necrosis factor-alpha (TNF-a), interleukins (IL-16 and -18), and plasminogen activator
inhibitor in PCO patients accompany with abdominal obesity and more specific with visceral
fat [46]. Low-grade inflammation situation by increased level of adiponectin, resistin, IL-6,
and TNF-a in non-obese PCO women have been approved [47]. Also, it has been shown that
inhibition of nutrient-induced inflammation decreases ovarian androgen secretion and
induces ovulation in lean PCOs woman without clinical IR or abdominal adiposity. There-
fore, inflammation directly encourages ovarian dysfunction in PCOs women distinctly
from insulin resistance or excess adiposity [48]. There is evidence that non-steroidal
anti-inflammatory agent administration in lean PCO women can reduce androgen secretion
from ovary [49].

Dose inflammation have pathophysiologic role in this syndrome or may be its consequence
remain still unclear. Inflammation as a chronic immune activation, prevents ovulation,
increases androgen production by ovary and adrenal gland and disrupts hormonal receptors.
Most of long-term complications of PCOs like cardiovascular disease (CVD) are consequences
of inflammatory state [50].

In non-obese PCO patients, visceral fat distribution, waist to hip ratio (WHR), and abdominal
obesity have relation with inflammatory situation. In one study, in lean PCOs, level of white
blood cell (WBC) has a positive predictive value with insulin resistance, while the neutrophil to
lymphocyte ratio has a negative predictive value [51]. Also, it has been demonstrated that in
clomiphene citrate (CC)-resistant patients, regardless to BMI, inflammatory markers like TNF-
a are too high, and TNF-a serum level may be used as a clinical predictive indicator before CC
useless administration [52].

6. Weight and PCO

Even in lean PCO women, we can see higher waist to hip ratio, greater intra peritoneal
and visceral fat, and percentage of body fat in comparison with BMI matched non-PCO
women. Accumulation of small subcutaneous abdominal fat in those patients shows spoiled
adipogenesis and hyperandrogenism [53]. Also, abnormal gene expression in stem cell of sub-
cutaneous abdominal fat in normoandrogen and ovulatory lean PCO women display abnormal
vacuolization and angiogenesis, which may reflect metabolism alter in those women [54]. From
another side, adiponectin, a protein which is involved in regulating glucose levels and fatty acid
breakdown, is produced by omental fat and dysregulated by high level of insulin; thus, even
in lean PCOs women, inappropriate metabolism of glucose and lipid can be explained [55].
In respect with a new randomized controlled trial, arranged and regular physical exercise
can ameliorate insulin sensitivity, hyperandrogenemia, and menstrual regularity in lean PCO
women [56].

7. Metabolic disorders and PCO

PCOs is considered by multiple metabolic disorders which may associate to increase risk of
hypertension and cardiovascular disease. One study used menstrual irregularity as a predictive
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factor for assessment of cardiovascular events in a 15-year period, in PCOs women. There was an
insignificant increase in overall stroke risk and in ischemic stroke risk associated with “very
irregular” menstrual cycles [57]. In PCO women, higher prevalence of hypertension is related to
insulin. Hyperinsulinemia have been connected with an increase in intracellular sodium and
calcium, along with vascular smooth muscle hypertrophy due to insulin-like growth factor-1
(IGF-1) activity [58]. Simultaneously, androgen excess stimulates sympathetic nerve activity, as
another etiology of hypertension in this population [59].

PCOs is also associated with elevated levels of plasma endothelin-1 (ET-1), one of several
circulating indicators of endothelial injury and dysfunction. One study found that impairment
of endothelial function is more severe in lean than obese women with PCOs, and that ET
receptor downregulation plays an essential role in this probably adverse cardiovascular out-
come [60].

The increase in carotid intima-media wall thickness (CIMT) in PCOs women has been associ-
ated in different studies with higher levels of insulin, hyperandrogenism, LDL level, and
abdominal obesity; which is an early marker of atherosclerosis [61].

Meanwhile, impaired nitric oxide (NO) production as a consequence of elevated androgen
levels in PCOs women contribute to endothelial dysfunction [62].

Elevated plasma viscosity as a result of increased plasma fibrinogen concentration in PCOs
patients exacerbates vascular dysfunction because autoregulation of vasomotor tone may not
be able to adjust with compromised physical properties of blood [63]. Some possible reasons
for increased plasma fibrinogen are: increased inflammatory processes [64], decreased fibrino-
lysis [65], and as an acute phase reactant. Enhancement in fibrinogen level stimulates RBC
aggregation and significantly increased resistance in blood flow [66]. Low SHBG and high
insulin stimulate prothrombotic state in all of PCOs women by increased plasminogen activa-
tor inhibitor 1 (PAI-1) activity and fibrinogen in a BMI-independent way [67].

Dyslipidemia including elevated low-density lipoprotein (LDL), triglyceride levels and decreased
high-density lipoprotein (HDL) are often seen in PCO women as a result of hyperandrogenism
and insulin resistance in both lean and obese PCO patients [68].

Owing to many evidence about vitamin D deficiency and metabolic syndrome; there are many
studies about 25(OH) D levels and PCOs. There are some evidences which support this
relationship and encourage vitamin D administration in all of deficient PCOs women [69],
whereas some studies do not support it [70].

From another site, insulin resistance, increased central adiposity, higher levels of testosterone,
and dyslipidemia beside oxidative stress and low grade inflammation contribute to cause
hepatic steatosis or fatty liver in PCOs women. Advanced stage of this disease characterized
by necrosis and steatohepatitis which called non-alcoholic fatty liver disease (NAFLD) and has
prevalence about 40% in lean PCOs women [71].

After blow-by-blow discussion about all of aspects in lean PCOs women, we cannot consider
this syndrome as just a part of infertility or menstrual abnormality assessment, but should be
accepted as an alarm sign for serious health problem.
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Abstract

Even though controversies surrounding the polycystic ovary syndrome are not yet
close to be solved, its clinical manifestations are well known—insulin resistance and
obesity, hirsutism, irregular and anovulatory menstrual cycles. The treatment of
polycystic ovarian syndrome (PCOS) is mainly symptomatic as its etiology is not yet
clear. Lifestyle changes are the primary therapy in overweight and obese women with
PCOS. According to majority of the studies, lifestyle changes are the most effective
form of treatment not only for weight loss but also for the improvement of insulin sen-
sitivity, decreasing incidence of metabolic syndrome and type 2 diabetes. Studies also
show that weight loss has fertility benefits by restoring ovulatory cycles. Although ini-
tial studies researching pharmacologic treatment were showing excellent results con-
cerning the weight loss, maintenance of weight loss and reduction of cardiovascular
risks, some of these drugs were in the end, has proven to actually increase the risk for
cardiovascular events and were removed from the market. Bariatric surgery has been
demonstrated to improve or even cure type 2 diabetes, hypertension, hyperlipidemia,
and obstructive sleep apnea. More so, there are studies that reported complete reso-
lution of all features of PCOS, even hirsutism, hyperandrogenism, anovulation, and
menstrual irregularity.

Keywords: polycystic ovarian syndrome (PCOS), obesity, hyperandrogenism,
anovulation, hirsutism, metabolic syndrome, weight loss

1. Introduction

Polycystic ovary syndrome (PCOS) is considered to be the most common endocrinopathy
affecting women with an incidence ranging from 5 to 13% [1], depending on the diagnostic
criteria applied.

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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Polycystic ovary syndrome —in spite of many years of research—is still a controversial topic.
We have come to know in detail its clinical manifestations such as metabolic disorders, men-
strual and ovulatory dysfunctions, and clinical hyperandrogenism. However, not knowing
its etiology, most of the treatments suggested to patients with PCOS are symptomatic, not
addressing to the underlying cause, but rather each symptom in part.

Following numerous studies and research on PCOS and despite that the exact mechanism is
not completely understood, the conclusions of most researchers are the same; lifestyle change
and weight loss have beneficial effects on the entire panel of symptoms associated with this
syndrome.

2. Which are the main goals when treating PCOS?

2.1. Management of underlying metabolic disorders, reduction of risk factors for
type 2 diabetes and cardiovascular disease

2.1.1. Obesity

Under the metabolic disorders, which are commonly encountered in patients with PCOS, it
is worth mentioning: obesity, insulin resistance, metabolic syndrome, dyslipidemia, and type
2 diabetes mellitus.

Some researchers state that the obesity rate in the case of the women with PCOS is even
up to 70%, but most agree that at least half of the women with PCOS suffer from obesity
(body mass index (BMI) = 19-25 kg/m?) [2] and in most cases, it is of a central distribution
(waist circumference > 88 cm) [3]. Of the nonobese patients, one-third has increased intra-
abdominal fat [4]. There is no specific data on why the prevalence of obesity is much higher
in women with PCOS, but most researchers attribute it to the hyperinsulinemia resulting
from the insulin resistance, an important factor of adipogenesis, lipogenesis, and lipolysis
inhibition [5].

2.1.2. Increased insulin resistance

Insulin resistance and reactive hyperinsulinemia are definitely implicated in the physiopatho-
logical mechanism of PCOS. With respect to insulin resistance, some authors consider it to be
uncorrelated to the degree of the obesity [6], while others argue that the obesity, especially
the central one, seems to increase the metabolic and clinical features of insulin resistance [7].
Although obese patients seem to be more affected by insulin resistance, this also occurs in the
cases of nonobese patients with PCOS [8].

2.1.3. Metabolic syndrome

The metabolic syndrome is commonly associated with PCOS, with a prevalence ranging
between 33 and 47% [9]. Both PCOS and the metabolic syndrome have features that generate
an increased risk of cardiovascular diseases—if this risk is independent of PCOS or it is caused



Lifestyle Changes and Weight Loss: Effects in PCOS
http://dx.doi.org/10.5772/intechopen.73298

by its association with the metabolic syndrome, it is still a topic of debate [10]. Studies demon-
strate that in patients with PCOS, even if the criteria for the metabolic syndrome are not fully
met, there is at least one component of the metabolic syndrome [11].

The research in the field demonstrates the presence of the risk factors for the metabolic syn-
drome in women with PCOS. Of these, the following appear to be important: the level of fast-
ing insulin (which in these patients is doubled [12]) and obesity (an independent risk factor
for the metabolic syndrome).

2.1.4. Impaired glucose tolerance or type 2 diabetes mellitus

Impaired glucose tolerance (IGT) or even type 2 diabetes mellitus (T2DM) are common in
patients with PCOS with a prevalence rate of 30-40% for impaired glucose tolerance and
7.5-10% for type 2 diabetes mellitus [13, 14]. The risk of patients with PCOS to develop these
pathologies is considerably higher than in healthy patients. In these cases as well obesity
appears to play an important role-impaired glucose tolerance and diabetes mellitus have an
increased prevalence in obese patients (31.3% IGT and 7.5% T2DM) in comparison to non-
obese patients (10.3% IGT and 1.5% T2DM) suffering from PCOS.

2.1.5. Cardiovascular disease

It is not known exactly to what extent PCOS would be an independent risk factor for car-
diovascular diseases but, unquestionably, through associated pathologies (obesity, increased
resistance to insulin, IGT, T2DM, and/or dyslipidemia), it contributes to an increased risk [15].

2.2. Improvement of hyperandrogenic symptoms (hirsutism, acne, scalp hair loss)

Most experts consider that hyperandrogenism is the main characteristic of PCOS [16],
whether is biochemically or clinically identified. Alteration in insulin action as well as enzy-
matic defaults has been discussed as possible pathogenic theories.

Studies suggest that the androgenic hyper-responsiveness that characterizes women with
PCOS is probably due to the factors controlled by insulin sensitization rather than lutein-
izing hormone (LH), adrenocorticotropin hormone (ACTH), or ovarian steroids per se [16].
Multiple molecular and cellular pathways seem to be involved in the production of androgenic
hormones, most of them involving ovarian theca cells, insulin receptors, Cytochrome P450
17a-monooxygenase (P450c17) activity as well as components of mitogen-activated protein
kinase (MAPK) insulin pathway.

The clinical correspondence of this intricate biochemical processes have incredible impact
on patients’ quality of life and psychological status. Virilising signs and symptoms, acne and
hirsutism are most often the first elements to lead to the clinical suspicion of PCOS.

Obesity is a key metabolic entity in some PCOS patients. Because of its undeniable influence
on insulin resistance, it has become a target to treat when identified. PCOS women, who are
obese tend to have higher hirsutism and acne scores than their lean counterparts [16]. The
consequent importance of weight loss is therefore essential to be taken into account. It is
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certified in medical literature that a weight loss of 5-10% can reduce hyperandrogenism and
insulin levels [17]. Lifestyle modifications reside once again as the first step therapeutical
management in patients with PCOS.

2.3. Prevention of endometrial hyperplasia

The modified metabolic background associated with PCOS is basically characterized by
unbalanced estrogen serum levels due to lack of progesterone production. Left untreated,
the main effects of this modified environment leads to atypical endometrial hyperplasia, and
endometrial dysfunction-induced infertility [18].

Even though progesterone-based oral contraceptive therapy is often efficacious [19], approxi-
mately 30% of women with PCOS fail to respond to such treatment [20] and progress to the
development of atypical hyperplasia and further transformation to endometrial cancer [21].

The mechanism of progesterone resistance is determined at molecular level and based on the
imbalance of two progesterone receptor (PR) isoforms PRA and PRB. Patients with PCOS
have a modified ratio of PRA to PRB receptors present on stromal and epithelial cells of endo-
metrium [21].

Progesterone resistance is associated with insulin resistance [20] and this way, a new per-
spective in the prevention of endometrial hyperplasia can be contoured: targeted therapy on
reducing insulin resistance may benefit both endometrial tissue and serum hyperinsulinemia.

2.4. Voluntary contraception for patients

Although most of PCOS-diagnosed patients complain about the inability to pursue a preg-
nancy, it is important to have in mind the situation when women diagnosed and treated for
PCOS do not want to obtain a pregnancy.

A recent study states that in women aged 28-33 years old, women with PCOS were less likely
to be using contraception (61 versus 79%, P <0.001) and more likely to be trying to conceive (56
versus 45%, P < 0.001), compared with women not reporting PCOS [22]. However, the same
study mentions that fewer women with PCOS (61%) were using contraception than women
without PCOS (79%) (P = 0.001) [22].

Because women with oligomenorrhea ovulate intermittently and rarely use contraception-

unwanted pregnancy may occur.

2.5. Induced ovulation for patients pursuing pregnancy

As part of the PCOS, infertility secondary to anovulation is usually the main complaint of
patients diagnosed with this metabolic disorder.

Pathological basis of infertility in this particular medical situation resides in the low Follicle-
stimulating hormone (FSH) serum level, which is responsible for the impossibility of ovarian
follicles to reach maturity due to their persistence in final growth stages.
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Aiming to treat this frequent cause of anovulation, there are two ways to ensure the wellbeing
of the patient based on each woman'’s choice: evaluating the options for further contraception
or starting a therapeutical plan for inducing ovulation.

With respect to the latter, inducing ovulation still remains a medical challenge in some patients
with PCOS. There are a few known therapeutical approaches for achieving this: medical treat-
ment with clomiphene citrate, tamoxifen, aromatase inhibitors, metformin, glucocorticoids, or
gonadotropins or surgically management by laparoscopic ovarian drilling [23]; in vitro fertil-
ization is also taken into consideration when all the other options failed to induce pregnancy.

3. Why are lifestyle changes and weight loss important in women
with PCOS?

Taking into account the morpho-clinical picture of the patients with PCOS and common
sense, lifestyle changes and weight loss would, at first glance, be effective. It seems simple that
by adopting a healthy lifestyle and weight loss, as with the patients who do not suffer from
this pathology, it would improve the metabolic profile, reduce the risk of diabetes mellitus,
cardiovascular disease or endometrial hyperplasia. Moreover, there are studies that discuss
the complete or at least partial disappearance of the symptoms [24] and PCOS phenotype
after weight loss.

Studies with various degrees of evidence have been conducted in an attempt to quantify their
effect in patients with PCOS. While some parameters are certainly improved, there are still
others involved in a series of controversies.

3.1. Metabolic profile

An improved lifestyle will undoubtedly improve the distribution of the adipose tissue and
will in most cases lead to weight loss. A weight loss of between 5 and 10% will ameliorate IGT
and will decrease the prevalence of the metabolic syndrome and diabetes mellitus [25].

Research suggests that these interventions are associated with lower fasting insulin levels and
insulin resistance [26], and consequently a decreased risk for metabolic syndrome, cardiovas-
cular disease, and diabetes mellitus [27].

It has been shown that improvement of the lipid profile resulting from weight loss and lifestyle
changes is nonuniform. Thus, in the case of some patients, a significant decrease in cholesterol
levels will be observed while in others the change will be insignificant [24]. However, in all
cases there will be a significant increase of high density lipoprotein (HDL)-cholesterol levels
(thus reducing the risk of cardiovascular disease) and a decrease of triglyceride levels [24].

3.2. Hormonal profile

During the treatment, we also seek to improve the hormonal profile since PCOS being a
pathology with deep hormonal implications. Unanimously, studies describe a decrease in the
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total testosterone level [28] and in androstenedione [29] as a result of lifestyle changes and
weight loss. There is, however, controversy in terms of improving the level of SHBG and free
androgen index (FAI) [29]. However, in all cases, an improvement in hirsutism will result
when using the Ferriman-Gallwey (FG) score as an objective measuring method.

While the level of FSH increases as a result of lifestyle changes and weight loss, more by
means of physical exercise than a result of diet [29], the level of LH does not seem to be
improved by following a hygienic-dietary diet.

3.3. Reproductive potential

In PCOS treatment, we aim to restore both normal menstrual function and fertility. In some
cases, there may also be a decrease in ovarian volume and a reduction in the number of follicles
[30] following weight loss and lifestyle changes. Ovulatory menstrual cycles can be obtained for
obese women with PCOS, even when the weight loss is relatively low [31], thus increasing con-
siderably the chances of getting pregnant. However, not all patients equally respond to these
measures even if their weight loss is similar [24]. Hollmann et al. describe an 80% improvement
in ovulation rate and 29% in the pregnancy rate in the case of a 10% weight loss [32].

4. What lifestyle changes should be adopted for women with PCOS?

Although the last decades have been revolutionary in terms of understanding this pathology,
its etiology is not elucidated, hence we cannot talk about the existence of a curative treatment,
but rather of symptomatic treatments. The spectacular evolution in this field also refers to
the many symptomatic treatments, whose efficiency, although relatively high, address each
symptom in part and not the pathology as a whole. The change in lifestyle, with all the devel-
opments in the last decades, still seems the most approachable and most effective treatment
method, at the same time covering a broad spectrum of symptoms.

When we talk about lifestyle changes, we refer to a healthy lifestyle that involves exercise
and weight loss. Although in many cases, patients are able to lose weight and lead a healthy
lifestyle for a while, the difficulty they encounter is to maintain this lifestyle and their weight
in the long run.

A solution to this problem is the behavioral treatment by “Burtyn and co.” designed specifi-
cally to help with this—a complex program that not only helps patients to lose weight effi-
ciently but also to maintain their weight in the long term or even continue to lose more over
time. Patients undergo this program for a period of 4-6 months under the supervision of a
group of specialists: nutritionists and psychologists [33]. Patients learn how to choose healthy
foods, how to ration their portions and how to get social support. After setting objective tar-
gets in terms of daily caloric intake, time spent on physical exercise and other behavioral
changes, patients share in weekly or bi-weekly group sessions the obtained results. Specialists
recommend patients to expect a weight loss of 0.5-1 kg per week, mentioning that the final
target is a 10% decrease in weight relative to their initial weight [33]. They argue that by a
comprehensive behavioral approach, patients manage to decrease 8-10 kilograms in weight
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and that about 80% of patients starting this program manage to complete it [34]. However,
specialists mention that in the absence of weight maintenance therapy, regaining weight will
be inevitable.

The National Institute of Health also recommends psychotherapeutic and social support for
these patients in order to manage to maintain their weight in the long run or even to further
lose weight.

4.1. What diets do we choose in order to lose weight?

Regarding the type of diet, there are no clinically relevant data to prove the efficacy of any
of them in the case of patients suffering from PCOS. However, based on food principles and
taking into account that a decrease in carbohydrate intake would lead to a decrease in hyper-
insulinemia, which in turn would lower insulin resistance, low-carbohydrate diets would be
favored. Nevertheless, a comparative study between a high protein/low carbohydrate diet
(40% carbohydrate, 30% protein, and 30% fat) and a low protein/high carbohydrate diet (55%
carbohydrate, 15% protein, and 30% fat) proved the same efficacy in both cases [26] in terms
of weight loss, waist circumference decrease and effects on insulin sensitivity. The same study
emphasizes the importance of a calorific deficit in PCOS treatment, noting that the differences
in dietary compounds are relatively insignificant when comparing their effect on metabolic
and reproductive improvements [26]. A meta-analysis of 48 clinical trials involving a total of
2886 patients concludes that regardless of the type of diet and macronutrient on which they
are based, there will be a relatively comparative weight loss-the same thing happening with
maintaining weights at follow-up for 6 months and 12 months [35]. The impact of the type of
macronutrients used in the diet is still debated. What is certain is that less energy intake than
energy consumption will result in a weight loss. Thus, high-level metabolic studies conclude
that a caloric intake of less than 1000 kcal/day will show results in all cases, with no exception.

New diet hypothesis have emerged over the last few years, and here we want to mention
the fast-paced ones, which are still under investigation and seem to be ground-breaking.
Researchers believe that patients with PCOS might have significant benefits in terms of
PCOS symptoms but also complications in the medium to long term if approaching this
type of diets. The data we currently have on intermittent fasting diet obtained on rodent
models are promising in terms of results. Thus, intermittent fasting diets, as compared to
diets based on energy restriction of continued iso-energetic type, improve insulin sensitivity
[36], provide protection for the cardiovascular system [37], and increase the lifespan of the
rodent in the model. [38] Moreover, 3 days or more of the fasting will result in at least a 30%
decrease in circulating insulin levels, glucose levels, and insulin-like growth factor 1 (IGF-1),
which plays a key role in the metabolic homeostasis and changes associated with aging
[39]. Current theories take into account the possibility that this type of diet can improve
the symptoms of hyperandrogenism, based on the argument that improving insulin resis-
tance would reduce compensatory hyperinsulinemia and ultimately the excess of androgen
involved in the PCOS symptomatology.

Finally, we want to emphasize the importance of weight loss, pointing out the uselessness of
this fact if the patients fail to maintain their long-term weight.
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4.2. What is the importance of physical exercise?

Physical exercise is definitely a part of the lifestyle changes. Studies show that the type, fre-
quency or duration of the exercise do not influence the results that patients get from it. It
has been shown that regular, aerobic exercise of moderate intensity does not only contribute
to weight loss and improved insulin resistance, but also improves reproductive outcomes,
including ovulation and regulation of menstrual cycles. The recommendation for patients
with PCOS in view of the improve reproductive and cardio metabolic outcomes is — aerobic
physical activity of moderate intensity for 90 minutes per week [40].

5. What methods do we choose in order to obtain weight loss?

5.1. Pharmacological treatment for obesity

In a relatively recent past, following multiple clinical trials, medical journals supported the
benefit of adding anti-obesity drugs to lifestyle changes-both in terms of maintaining weight
in the long-term and reducing associated co-morbidities. Drugs such as sibutramine, orlistat,
and rimonabant have been shown to be effective in improving the lipid profile, lowering
blood pressure, glycosylated hemoglobin (in diabetics), and pro-inflammatory cytokine lev-
els, thus reducing cardiovascular risk [41]. Meanwhile, it has been shown that the majority of
these drugs instead of lowering cardiovascular risk have the opposite effect, which has led to
their removal from the market [42].

Currently, drugs used in the treatment of obesity are—orlistat, lorcaserin, phentermine-topira-
mate, bupropion naltrexone, liraglutide and noradrenergic sympathomimetic drugs but there
are no specific studies with patients suffering from PCOS. A list of medication used to treat
obesity is shown in Table 1.

5.1.1. Drugs that alter fat digestion

Orlistat, being an inhibitor of pancreatic and gastric lipases, inhibits the hydrolysis of triglyc-
erides from the diet by up to 30%, thus reducing total caloric intake [41]. Hence, weight loss
is not significant using this medication only and requires a calorie-restricted regimen. The
X-PERT study establishes a 3-month weight loss that exceeds 5% of the initial weight as an
accurate predictor of long-term weight loss. A 12-month meta-analysis concludes that patients
undergoing lifestyle changes that also associate orlistat as an adjuvant medication will lose an
average of 8-10 kg over 12 months as opposed to those who associate lifestyle change with
a placebo who will lose an average of 3-6 kg [43]. In addition to weight loss, it has positive
effects in reducing cardiovascular risk factors due to its effects on triglyceride and LDL cho-
lesterol [41]. Moreover, in Orlistat treatment, a better glycemic control with decreasing fasting
glucose and glycosylated hemoglobin is noticed [44]. This is considered to be a relatively safe
drug, with adverse effects mainly upon the intestinal tract such as increased defecation, fatty
stools, and fecal urgency.
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Drugs that alter fat digestion Orlistat
Serotonin agonists Lorcaserin
Sympathomimetic drugs Phentermine
Diethylpropion
Benzphetamine
Phendimetrazine
Antidepressants and antiepileptic drugs Bupropion

Venlafaxine
Desvenlafaxine
Topiramate
Zonisamide
Lamotrigine
Ziprasidone
Diabetes drugs Metformine
Pramlintidine
Exenatide
Liraglutide
Combination drugs Phentermine-topiramate

Bupropion-naltrexone

Table 1. Medications used in the treatment of obesity and their classification.

5.1.2. Serotonin agonists

Lorcaserin is believed to activate serotonin 5-HT2c receptors stimulating pro-opiomelano-
cortin (POMC) neurons in the arcuate nucleus of the hypothalamus. Thus, it increases alpha-
melanocortin stimulating hormone resulting in satiety and consequently in a decreased food
intake [45]. Lorcaserin is indicated for the treatment of obesity when it is associated with at
least one comorbidity such as type 2 diabetes mellitus, high blood pressure, high cholesterol
or sleep apnea [46]. This is an alternative to orlistat, with similar efficacy but fewer side effects.
In addition to weight loss, studies show that it lowers: blood pressure, heart rate, total choles-
terol, LDL cholesterol, fasting glucose, and insulin levels.

5.1.3. Sympathomimetic drugs

Noradrenergic sympathomimetics, of which we currently find phentermine, diethylpropion,
benzphetamine, and phendimetrazine, cause early satiety and reduce food cravings. Although
they have increased effectiveness and their use is widespread, they are indicated for a treat-
ment of a maximum of 12 weeks and have large potential for abuse. We must mention that
all sympathomimetic drugs have side effects such as tachycardia, increased blood pressure,
cause insomnia, constipation, nervousness, and dry mouth. In fact, their side effects on the
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cardiovascular system were those that caused the withdrawal of some drugs of this class from
the market, such as sibutramine (removed from the market in 2010 [47] after it was shown to
increase the risk of myocardial infarction and stroke [48]) or phenylpropanolamine (removed
from the market due to association with increased risk of hemorrhagic stroke in women [49]).

5.1.4. Antidepressants and antiepileptic drugs

Antidepressants and antiepileptics can affect weight in different ways, while some lead to
weight gain, others to loss. Among the drugs that lead to weight loss, we mention: bupropion,
venlafaxine, desvenlafaxine, topiramate, zonisamide, lamotrigine, and ziprasidone [45].

Bupropion is an antidepressant commonly used in cases of smoking cessation, to prevent
weight gain [50]. It can also be used in combination with naltrexone, although there are cur-
rently no data on an augmenting the effect of bupropion by naltrexone.

Topiramate is an antiepileptic agent that blocks neuronal voltage-dependent sodium chan-
nels, enhances gamma-aminobutyric acid (GABA) A activity and inhibits carbonic anhydrase,
generating appetite suppression and satiety enhancement. Amongs its adverse effects, we
mention paresthesia, somnolence, and metabolic acidosis. Studies recommend its use in com-
binations with other substances and not as a sole agent in the treatment of obesity.

Zonisamide is another antiepileptic with serotoninergic and dopaminergic activity, which
has effect on weight loss. Randomized trials in obese patients demonstrate that zonisamide at
high doses is superior to placebo, while at low doses has effects similar to placebo [51].

5.1.5. Diabetes drugs

Metformin is an anti-hyperglycemic biguanide, used in the treatment of type 2 diabetes mel-
litus. It reduces liver production and intestinal absorption of glucose and therefore insu-
lin secretion. By its anti-lipolytic effect, free fatty acid concentrations and gluconeogenesis
decrease [52, 53]. Numerous studies have been performed on obese patients with PCOS,
who received metformin. While the first studies seemed to demonstrate its effects in terms
of weight loss, decreased serum androgen levels (and implicitly hirsutism), restoration of
menstrual cycles, and induction of ovulation [54], further studies concluded its ineffective-
ness in treating hirsutism or increasing live birth rates, even if it is effective in increasing the
ovulatory rates and pregnancy rates. Metformin is no longer used as a first-line treatment for
oligomenorrhea or weight loss.

Pramlintide is a synthetic analog of human amylin whose effect in terms of weight loss is rela-
tively modest, due to its slowing effect on gastric emptying and the reduction in postprandial
blood glucose concentration it causes.

Exenatide is a long-acting synthetic peptide (GLP-1 -glucagon-like polypeptide-1-agonist
receptor), the effect of which is the increased secretion of dose-dependent and glucose-
dependent insulin. Its” use is avoided because of the relatively low weight loss effect in
conjunction with its mode of administration by subcutaneous injection [45].

Liraglutide, like exenatide, is a GLP-1 analog with significant weight-reducing effects. Studies
in obese, non-diabetic patients have shown better efficacy against placebo at normal doses and
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even orlistat when administered in high doses [55]. Among its adverse effects when admin-
istered at high doses are included nausea and vomiting, which may in part contribute to the
weight-loss effect [55]. This drug is quite often avoided due to its route of administration (subcu-
taneous injection) but also due to its potential adverse effects, that although rare, they are severe
(pancreatitis, renal impairment and gallbladder disease). Further, we consider important to
mention that rodent studies have demonstrated the association of this drug with the increased
frequency of thyroid C-cell tumors (benign and malignant), which is why it is not recommended
in the case of the patients with personal or family history of medullary thyroid cancers [56].

5.1.6. Combination drugs

The combination of phentermine and topiramate is another two drug combination with
good effect in terms of weight loss, being pharmacologically included in the sympathomi-
metic anorexia class. Being a two drug combination, it has a complex mechanism of action.
Thus, phentermine, which is a sympathomimetic amine, like amphetamines, will reduce the
appetite after the stimulation of the hypothalamus and the release of the norepinephrine.
Topiramate also has appetite suppressing effects and causes rapid satiety. Studies show that
after a 1-year administration, the effect of this combination drug on weight loss decreases, but
nevertheless it seems to contribute in maintaining the weight obtained up to that point [57, 58].
Side effects of this drug include dry mouth, constipation, paresthesia, psychiatric and cogni-
tive impairment. It is also contraindicated during pregnancy, having teratogenic effects [59].

The bupropion-naltrexone combination, though effective in weight loss, seems to have car-
diovascular side effects, such as high blood pressure or tachycardia, so if it would be adminis-
tered it would fail in addressing the underlying reason for initiating this therapy.

5.2. Surgical treatment of obesity-bariatric surgery

Bariatric surgery is indicated in cases of morbid obesity (BMI =40 kg/m? or BMI greater than or
equal to 35 kg/m? associated with different comorbidities). A study that enrolled obese patients
who underwent bariatric surgery divided the treated patients into 3 groups; obese with PCOS,
obese with hyperandrogenemia characteristics but with regular menstrual cycles and a third
group with obese patients without hyperandrogenic traits. After applying the exclusion criteria,
the group of patients with PCOS was studied in detail and the results were surprising. Within
12 +/- 5 months, the weight loss was of 41 +/- 9 kg, associated with the improvement of clinical
and biochemical markers of hyperandrogenism. It was noted that an improvement in hirsutism
had been observed and from a biochemical point of view markers such as: free testosterone,
total testosterone, androstenedione and dehydroepiandrostenedione sulfate have been normal-
ized while the level of SHBG increased. From a metabolic point of view, the improved insulin
sensitivity was proved by the decrease in fasting insulin levels. With regard to the reproductive
system, the restoration of regular menstrual cycles and ovulation were noticed [60].

A newer study, conducted in 2012, concludes that weight loss after bariatric surgery is not
associated with significant changes in the menstrual cycle, the luteal phase length or the
amount of blood lost during menstruation. A relatively modest improvement was found
with respect to biochemical hyperandrogenism but without effects on the clinical markers
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of hyperandrogenism. Instead, an 8-9 day follicular phase shortening associated with
decreased fertility, was observed. What was new in this study was the finding that patients
undergoing bariatric surgery after weight loss improve their sex life [61].

6. Conclusion

We consider to be of major importance the adoption of a healthy lifestyle, composed of a hypo
caloric diet and physical exercise that will generate weight loss. Unlike any other treatment,
weight loss without adjuvant medication (which brings various side effects) in many cases
leads to at least partial resolution of PCOS symptoms. Although in this chapter by enlarge we
have approached the subject of slimming medications, we consider it important to use them
only in carefully selected cases, lifestyle changes continue to be the first-line treatment.
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Abstract

Introduction: Obesity is highly prevalent in polycystic ovary syndrome (PCOS). It aggra-
vates adverse features of the syndrome. Weight management by lifestyle intervention is
often insufficient. We reviewed studies addressing the use of agents mediating through
incretin system in obese PCOS.

Material and methods: Available relevant clinical trials were searched from PubMed.

Results: Intervention with glucagon-like peptide 1 (GLP-1) analogue liraglutide is
associated with consistent body mass index (BMI) reduction in treatment-naive obese
women with PCOS and in poor responders to metformin and lifestyle modification. We
recognized metformin as a well-suited combination with liraglutide. We demonstrated
that liraglutide could also improve eating behavior and fertility potential in obese
PCOS. Furthermore, we challenged the potential association of variability of GLP-1
receptor genotype and interindividual differences in response to liraglutide. In addition,
we introduced the original concept related to the enhancement of incretin axis through
phosphodiesterase 4 (PDE4). Nevertheless, we considered dipeptidyl peptidase 4 inhibi-
tors as an alternative pharmacological intervention in metformin intolerant patients with
PCOS.

Conclusion: Agents mediating through incretin system in combination with lifestyle inter-
vention and metformin could improve treatment outcomes in obese PCOS patients. Further
studies are needed to establish the benefit/risk profile achieved by these potential new
treatment strategies.

Keywords: GLP-1 receptor agonist, liraglutide, DPP4 inhibitor, weight reduction, PCOS
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1. Introduction

Obesity is one of a key phenotype of polycystic ovary syndrome (PCOS). The risk for excess
body weight in this population is up to 2.8 higher than in women without PCOS. About 60-70%
of patients are being characterized as obese or overweight [1, 2]. The amount and distribution
of fat is a major contributor to expression and severity of the syndrome [3, 4]. Obese women
demonstrate more severe gynecological abnormalities and clinical and biochemical hyperan-
drogenism than normal weight or lean women with PCOS. Insulin resistance, glucose derange-
ments including impaired glucose tolerance (IGT) and type 2 diabetes mellitus (T2DM) and an
increased overall cardiovascular risk are also more likely in obese PCOS [5-7]. Weight reduction
is substantial for improvement of metabolic and androgen profile, reproductive function and
reducing cardiovascular risk. Weight management by lifestyle intervention often remains unsat-
isfactory and nonsustainable. In the present chapter, we revised limited studies addressing the
potential use of agents mediating through glucagon-like peptide 1 (GLP-1) in obese PCOS. We
mainly focused on the available clinical trials of GLP-1 receptor agonists in this population. In
addition, we challenged the original concept related to the enhancement of GLP-1-mediated
action through phosphodiesterase 4 (PDE4). Nevertheless, we considered dipeptidyl peptidase
4 inhibitors as an alternative pharmacological intervention in subgroups of PCOS with high
metabolic risk.

2. Main body

2.1. Gut-brain axis in controlling eating behavior

An inability to control eating behavior is the main culprit for eating beyond metabolic needs
that result in obesity. Eating behavior is a complex pattern based on communication between
specific regulatory and hedonistic centers in hypothalamus and peripheral signals from gas-
trointestinal tract. The latter system consists of gastric emptying/distention signals and gas-
trointestinal regulatory (orexigenic and anorexigenic) hormones. In addition, eating behavior
is regulated also by cognitive functions and emotional inputs [8, 9].

Orexigenic hormone increases before meal and stimulates hunger and food intake. The most
potent known orexigenic hormone ghrelin is released from specific endocrine cells in the
stomach and stimulates food intake. On the opposite, hormones, such as cholecystokinin
(CCK), peptide tyrosine-tyrosine (PYY) and glucagon-like polipeptide-1 (GLP-1), produce
anorexigenic signals and affect peripheral organs and centers in the central nervous system
(CNS) in order to stop feeding [8].

Reports about eating behavior in PCOS population are few and the results are not conclu-
sive. It has not been established whether eating behavior is different in obese women with
PCOS when compared to weight-matched non-PCOS controls. An increased food intake was
reported in animal models and clinical studies with women with PCOS when compared to
healthy controls [10-14]. Furthermore, bulimia was associated with an increased frequency
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of PCQOS, suggesting that androgens have appetite-stimulating effects and could impair the
impulse control of eating behavior [15]. Disturbed appetite was also associated with altered
opioid function demonstrated in PCOS linked to the stimulation of food intake and appetite
for high fat/high glucose food through hedonistic centers in hypothalamus [16]. In addition,
there are some evidences that disturbed regulation of gastrointestinal signals, in particular
incretins, are intrinsic to PCOS [15, 17-21].

2.2. Incretin hormones

Incretins are glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic polypep-
tide (GIP). They are polypeptide gut hormones secreted from endocrine cells in the small intes-
tine under the influence of food intake and are responsible for 50-70% of postprandial insulin
secretion. This is so-called incretin effect and is proportional to the current glycemia [8, 22].

GLP-1 is produced by L cells in distal intestine. It influences glucose hemostasis after food
ingestion by insulin secretion and concurrent inhibition of glucagon release. GLP-1 is involved
in the regulatory mechanisms of eating behavior with direct inhibitory effect on the homeo-
static and hedonic centers of appetite in the central nervous system and indirect inhibitory
effect on gastric emptying rates and gastrointestinal tract motility, which result in decreased
food intake and consequently in body weight reduction [8, 23].

GIP is produced by K cells, which are located in the upper small intestine. It increases glucose-
dependent insulin release and has protective effect on beta cell. GIP also increases lipogenesis
and has bone protective and neuroprotective effect. In contrast to GLP1, no additional effects
on appetite and body weight are shown with GIP [22].

Both incretin hormones have a short half-life. They are rapidly inactivated by the enzyme
dipeptidyl peptidase 4 (DPP4).

Obesity with the onset of insulin resistance and consequent metabolic diseases, such as
impaired glucose tolerance and type 2 diabetes, impairs the effect of incretins. Postprandial
GLP-1 concentration in obese people is lower than in people with normal body weight [24-27].
Similarly, lower postprandial GLP-1 values were measured in patients with type 2 diabetes,
while the GIP response in this population was preserved [28-32].

2.3. Incretin hormones in PCOS

Current reports about GLP-1 secretion in PCOS are not consistent. Some studies found
similar fasting GLP-1 levels in PCOS compared with age- and BMI-matched controls
[21, 33-35], whereas others reported decreased or increased fasting levels of GLP-1 in PCOS
[36, 37]. Regarding postprandial levels of GLP-1, some authors demonstrated that postpran-
dial plasma levels of GLP-1 did not differ between subjects with and without PCOS [20, 34, 35].
On the other hand, another study demonstrated lower GLP-1 levels in PCOS at the end of oral
glucose tolerance test (OGTT) compared to the control group, whereas fasting GLP-1 levels
did not differ between two groups [21]. However, lower fasting GLP-1 levels and a weakened
GLP-1 response to standardized mixed meal in women with PCOS versus healthy control
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group were also reported [37]. Contrary, another group found higher fasting GLP-1 levels in
PCOS patients; while at the end of OGTT, GLP-1 levels did not differ between groups [36].

Also studies concerning the GLP-1 response in PCOS patients in relation to body weight
are not conclusive. Some authors demonstrated no difference in GLP-1 between lean and
obese patients with PCOS during OGTT, whereas others reported lower levels of GLP-1 in
obese PCOS patients compared to lean age-matched PCOS patients and healthy lean con-
trols [20].

There are only few studies evaluating GIP levels in women with PCOS. Compared with
BMI- and age-matched controls, most of them demonstrated no difference in fasting GIP lev-
els [20, 33-35, 38], yet some have found increased fasting GIP [21]. The results of postpran-
dial GIP levels in PCOS compared to matched controls are more inconsistent. While some
studies did not find differences in GIP levels [34], other found increased [21, 38] or decreased
[20, 35] GIP levels after OGTT.

2.4. Therapeutic interventions targeting incretin system in obese PCOS

Weight reduction is substantial for improvement of hyperandrogenism and reproductive
function in obese women with PCOS [4, 39]. Furthermore, weight loss has beneficial effects on
all cardiovascular risk factors, including glycemic control, hypertension and hyperlipidemia
in this population [39-41].

2.4.1. Lifestyle intervention in PCOS

Recent clinical practice guidelines recommend lifestyle modification as the first-line inter-
vention in obese PCOS [42]. Low glucose index diet and hypocaloric diet lead to decrease
in body mass index (BMI), waist circumference and waist-to-hip ratio [39]. Modification of
lifestyle is associated with an important reduction in testosterone and an increase in serum
sex hormone-binding globulin (SHBG) levels, leading to reduced free androgen index [43-
45]. Furthermore, beneficial effect of appropriate lifestyle on metabolic abnormalities, such
as a decrease in serum insulin and fasting glucose levels, an improvement in insulin resis-
tance (IR) and decline in diastolic blood pressure, is known [43-45]. Lifestyle changes also
lead to improvement of fertility function [39, 46, 47]. Two small studies in PCOS proved
the impact of dietary intervention on ghrelin, whereas no studies evaluated the impact of
lifestyle intervention on incretin hormones in this population [17, 48]. However, the treat-
ment goals with lifestyle intervention are usually hardly achievable and nonsustainable in
everyday life.

2.4.2. Metformin in PCOS

Metformin as an established treatment in PCOS with many potential roles, including attenu-
ating IR and direct blocking ovarian androgen production, has inconsistently demonstrated
weight reduction. The absolute weight loss that was best documented in obese rather in lean
women with PCOS had been about 2.7 kg, representing less than 5% of weight reduction
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[49, 50]. No benefit regarding weight reduction was recognized when metformin was added
on lifestyle changes. In a small study with 19 lean and 21 obese PCOS patients, the impact
of metformin on incretin hormones was demonstrated with the increase of GLP-1 during
OGTT with 8-month metformin intervention [35].

2.4.3. GLP-1 receptor agonists in PCOS

The available recent data offer new opportunity to include an adjunct management in
obese PCOS patients who have not responded to lifestyle modification with or without
metformin [51, 52].

GLP-1 receptor agonists (GLP-1 RA) are class of antidiabetes medications, which are incretin
mimetics. There are six GLP-1 RAs approved and available, of which only liraglutide and
exenatide have been studied in PCOS [53-61]. Studies have been of short duration and have
all shown the expected effective weight reduction with GLP-1Ras alone or in combination
with metformin and improvement in glucose parameters with variable results on gynecologi-
cal abnormalities and hyperandrogenism (Table 1).

2.4.3.1. Liraglutide in PCOS

Liraglutide is a long-acting GLP-1 RA analogue that is 97% homologous to human GLP-1.
Its dose-dependent effect on weight loss was first observed in overweight patients with type
2 diabetes and later also in overweight subjects without diabetes. In dose of 3 mg, it was
recently approved for weight management in many countries [62-65].

Study Weight Improved  Decreased  Decreased Reduced Improved
reduction  eating insulin fasting and/  hyperandrogenism menstrual
behavior resistance or post-load frequency

glucose level

Elkind-Hirsch X X X X X
et al. [59]

Rasmussen and X /
Lindenberg [55]

Kahal et al. [58] X / /

Jensterle Sever X / X / /
etal. [53]

Jensterle et al. [60]  x X X / X
Jensterle et al. [56]  x X

Jensterle et al. [57] x X X X

Nylander et al. X X X
[61]

Note: x = yes; / = no effect.

Table 1. Reported effects of GLP-1 agonist treatment in women with PCOS.
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The efficacy of 3 mg liraglutide on weight loss was studied in a Satiety and Clinical Adiposity-
Liraglutide Evidence (SCALE) series of four trials involving 5358 patients who were divided in
different patient categories. SCALE-prediabetes involved 3731 adult patients with prediabetes
and BMI > 30 kg/m? or BMI > 27 kg/m?* and associated hypertension or dyslipidemia [66]. SCALE-
diabetes involved 846 adult patients with type 2 diabetes and BMI kg/m? > 27 who were on per-
oral hypoglycemic therapy [63]. In SCALE Maintenance trial, the ability of high-dose liraglutide
to maintain weight lost following a low-calorie diet and exercise intervention was observed on
422 obese nondiabetic patients [67]. SCALE OSA involved 359 nondiabetic obese adults with
moderate or severe obstructive sleep apnea, who were unable to use CPAP [68]. In composite
data analysis of the SCALE clinical trials, liraglutide 3.0 mg led to 7.5% weight loss over 1 year.

Its impact on weight loss appears to be due to reduction of appetite, mediated partly through
incretin effect and consequent suppress of ghrelin release and partly through its influence on
gastric emptying via the autonomous nervous system [69]. Liraglutide is the only known glucose-
lowering agent with proven ability to regulate eating behavior. It probably sufficiently activates
mesolimbic GLP-1 receptor and suppresses hunger-driven feeding and reduces the hedonic
value of food and food motivation [69]. It was demonstrated that liraglutide produces significant
improvements in eating behavior in obese patients with T2DM and importantly reduces lust for
fat intake. The effect was sustained 6 months after withdrawal of liraglutide [70, 71].

Current data about liraglutide use in obese patients with PCOS are very limited. In a 12-week
study with 40 obese PCOS women who had been insufficiently treated with lifestyle modifi-
cation and metformin regarding weight reduction, liraglutide 1.2 mg sc QD alone or in com-
bination with metformin 1000 mg BID was associated with significantly greater weight loss
when compared to metformin monotherapy. The mean weight loss in combined treatment
was 6.5 kg. Liraglutide monotherapy resulted in 3.8 kg loss and metformin alone in 1.2 kg
loss. The majority of patients who achieved at least 5% of weight reduction were on combi-
nation therapy. Two-hour post-load glucose level was significantly lower in the treatment
groups with liraglutide. Menstrual frequency and androgen profile were not significantly
changed in any group over the observed period [53]. Another study with newly diagnosed
obese PCOS patients with high metabolic risk also showed significantly greater weight reduc-
tion with liraglutide therapy when compared to metformin and lifestyle intervention [54].
In both studies, liraglutide 1.2 mg QD was used before liraglutide in a dose of 3 mg was
approved as an anti-obesity drug. In an observational study of 84 overweight and obese
women with PCOS with mean duration of 27.8 weeks and with liraglutide doses ranging
from 0.6 mg up to 1.8 mg per day, combined treatment with liraglutide and metformin was
associated with significant weight reduction of 9 kg. More than 80% of patients lost at least 5%
of baseline weight [55]. It was also reported that liraglutide treatment improved the impaired
eating behavior of women with PCOS who were pre-treated with metformin and switched
to liraglutide for 12 weeks. There was significant decrease in emotional eating that correlated
with weight loss [56].

Adding metformin to liraglutide was proven as well-suited combination that enhances
the therapeutic index of GLP-1RA and enables the use of lower liraglutide dose [57, 72—
75]. Metformin in combination with low dose liraglutide 1.2 mg was superior to low dose
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liraglutide 1.2 mg alone in reducing weight after 12 weeks in treatment naive obese women
with PCOS. Participants on combined treatment achieved clinically meaningful 25% weight
loss in almost 60% compared to about 40% of good responders with low dose liraglutide mono-
therapy. Androgens were lower in all patients at study completion, yet only androstenedione
was significantly decreased in the combination group. Systolic blood pressure was significantly
lowered in the liraglutide arm. All subjects demonstrated a significant improvement in insulin
resistance and fasting and 2-hour post-load glucose level [57]. The observed benefits of GLP-1
RAs in combination with metformin are mechanistically well supported. In animal models
and in humans with or without type 2 diabetes, administration of metformin led to increase in
GLP-1 concentration [74, 75]. It directly stimulated GLP-1 production and secretion from L cells
through crosstalk between the insulin and Wnt signaling pathways. In addition, its impact on
alteration in bile acid absorption may result in increased GLP-1 secretion. Furthermore, it was
demonstrated that metformin enhances expression of GLP1 receptors through a mechanism
requiring PPAR-alpha [72]. It also has a small impact on the inhibition of DPP4 activity [76].

Another interesting avenue was opened with a study conducted with 57 women with PCOS
received liraglutide for 12 weeks. Recognizing that the weight reducing effects of GLP-1 RAs
are mediated through GLP-1 receptor, it was hypothesized that inter-individual difference in
weight loss potential of liraglutide might be linked with genetic variability of GLP-1 receptor.
It was demonstrated that a difference in a liraglutide-induced weight loss potential in pheno-
typically and metabolically homogeneous group of obese women with PCOS was based on
some GLP1-R genotype [77].

The majority of available studies with liraglutide in PCOS did not focus on the cardiometa-
bolic endpoints. In a small study, the potential impact of liraglutide on markers of liver fibro-
sis in PCOS was primarily investigated. Liraglutide was found to reduce procollagen type 3
amino terminal peptide, a predictor of liver cirrhosis. An average weight reduction of 3.0 kg
achieved with larger dosage of 1.8 mg sc QD in monotherapy was observed over 24 weeks
[78]. In another study, 6-month intervention with liraglutide was associated with significant
reduction in atherothrombosis markers, including inflammation, endothelial function and
clotting. The positive effect equally affected young obese women with PCOS and controls [58].

Few studies suggested an increase in menstrual frequencies when taking GLP-1 RAs [59-61].
The most recent study reported that liraglutide improved bleeding ratio and decreased ovar-
ian volume with liraglutide when compared to placebo [61]. Moreover, after liraglutide dis-
continuation, one small 12-week study conducted with 40 infertile PCOS reported an increase
of fertility potential. Women were randomized into three groups: MET group was treated
with metformin 1000 mg BID, COMBI group was on combined treatment with metformin
1000 mg BID and liraglutide 1.2 mg QD and CON group were controls. CON directly pro-
ceeded with ovarian stimulation protocol, whereas MET and COMBI started with stimulation
after 4-week washout period. More than 5% of weight reduction was achieved in over 75% in
COMBI and about 45% of patients in metformin arm. In high responders who lost more than
5% of body weight, numbers of blastocysts/patient were greater in both treatment arms than
in CON. High responders in COMBI had the highest number of oocytes/patient and of mature
oocyte. In COMBI 3, patients became spontaneously pregnant before IVF in medication-free

63



64 Debatable Topics in PCOS Patients

period. The high rate of spontaneous pregnancies in COMBI after liraglutide discontinua-
tion implies the potential role of GLP-1 in reproduction in the pre-conception period [79]. In
line with these preliminary results, new data support a role for GLP-1RAs in fertility beyond
merely weight reduction [51]. In animal models, GLP-1 and GLP receptors have been identi-
fied directly in the hypothalamo-pituitary ovary axis [80].

2.4.3.2. Exenatide in PCOS

The single report evaluating the effect of short-acting GLP-1 RA exenatide in PCOS was a 24-week
randomized study demonstrated a mean weight loss of 3.2 kg with exenatide monotherapy in a
dose of 10 pg twice daily, 6.0 kg with exenatide in adjunct to metformin and 1.6 kg with metformin
alone. Combined therapy was superior to either monotherapy in improving menstrual frequency
and ovulation rate. The ovulation rate was 86% in the combined group compared to 50% in exena-
tide monotherapy and 29% in metformin alone group. IR and insulin sensitivity were improved in
all groups. Total cholesterol and triglyceride decreased with combined therapy compared to met-
formin alone [59]. Weight reductions with exenatide were of comparable magnitude to the liraglu-
tide effect in PCOS, but achieved in a longer period of time with a larger drop out [53, 59]. The study
with exenatide was the first study addressing intervention with GLP-1 Ras in PCOS population.

2.4.3.3. Safety profile of GLP-RAs in PCOS

GLP1Ras appear to be well tolerated in PCOS population. The main side effect was nau-
sea, which was transient and did not result in study withdrawals. In studies when GLP-1RA
liraglutide was dosed at 1.2 mg (the middle dose for diabetes therapy) and combined with
metformin in maximum dose (1 g BID), nausea appeared to be less common, which may be
due to the lower doses of liraglutide administered [57, 60]. So far, there is no safety data about
GLP-1RA use in pregnancy. They are generally classified as pregnancy class C. Therefore,
the use of these medications in this population would require use of contraception while on
therapy. Counseling women who are planning pregnancy would include a washout period.

2.4.4. PDE4 inhibitors in PCOS

Less recognized and completely distinct regulatory mechanisms related to the enhancement of
GLP-1-mediated action represent an inhibition of phosphodiesterase (PDE) 4. The first drug
specifically targeting PDE4 was roflumilast. It was approved for treatment of chronic inflamma-
tory diseases, primarily chronic obstructive pulmonary disease (COPD), due to its efficient anti-
inflammatory effect [81]. Collaterally, 1-year treatment of COPD with roflumilast was associated
with a weight loss of about 2 kg within 12 months [81]. Beneficial effect of roflumilast on metabolic
parameters and glucose homeostasis accompanied with mean weight reduction of approximately
2 kg versus placebo was also demonstrated with a short-term use of roflumilast in newly diag-
nosed T2DM without COPD [82]. A small randomized study with obese PCOS women demon-
strated that treatment with roflumilast 500 mg per day in combination with metformin 1000 mg
twice per day significantly reduced body weight in obese PCOS when compared to metformin
monotherapy. Weight loss was primarily due to visceral fat mass reduction with the between
treatment difference of about 5 kg [83]. These observations gave rise to the hypothesis that PDE4
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is involved in regulation of signaling pathways linked to GLP-1 release [84]. In line with this con-
sideration are data from experimental rodent model where a single treatment with roflumilast
enhanced plasma GLP-1 levels up to 2.5-fold [84]. A direct comparison of short-term intervention
with liraglutide and roflumilast addressing weight management was performed in PCOS-related
obesity [60]. It was demonstrated that both monotherapy with liraglutide and roflumilast were
associated with significant weight reduction in obese PCOS when compared to metformin mono-
therapy. Reduction of weight with liraglutide was greater than with roflumilast [60].

2.4.5. DPP4 inhibitors in PCOS

The endogenous incretins are quickly degraded by DPP4 in serum. Degradation of endog-
enous incretins can be prevented by DPP4 inhibitors. DPP4 inhibitors are taken orally and
are used as antidiabetic agents. They influence glucose homeostasis through the enhance-
ment of endogenous incretion hormones. As incretin enhances insulin secretion in response to
meal, DPP4 inhibitors do not cause hypoglycemia. They have been reported to cause a 0.5-1%
HbA1lc reduction [85, 86]. Five DPP4 inhibitors are approved in the treatment of type 2 diabe-
tes: sitagliptin, alogliptin, saxagliptin, vildagliptin and linagliptin. The role of enhancement
of endogenous GLP-1 with DPP4 inhibitors in the treatment of obese PCOS patient is yet to be
established. So far, only sitagliptin, alogliptin and saxagliptin were studied in PCOS (Table 2).

The present evidences suggest that DPP4 inhibitors preserve beta cell function [23, 87]. The
fact that body weight gain and associated insulin resistance lead to increased load of beta cells
and consequent beta cell dysfunction give rise to thoughts that the use of DPP4 inhibitors in
treatment of PCOS with high metabolic risk is reasonable.

Another aspect is weight management. The enhancement of endogenous incretin hormones
by DPP4 inhibitors is generally described as being weight neutral, although modest weight
reduction has been seen in some clinical trials, particularly when DPP4 inhibitors are used

Study DPP4 inhibitor Beta cell Insulin Insulin T2DM Weight
function sensitivity ~ resistance development

Jensterle Alogliptin Improved Increased Decreased

etal. [92]

Ferjanetal. Sitagliptin Improved Decreased Less weight gain

[93] compared to
lifestyle

Elkind- Saxagliptin Improved Increased Decreased Decreased Reduction

Hirsch et al.

[94]

Jensterle Sitagliptin In combination

Sever et al. with metformin

[95] less weight

gain compared
to metformin
monotherapy

Table 2. Reported effects of treatment with DPP4 inhibitors in women with PCOS.
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in combination with metformin [88, 89]. Nevertheless, the mere fact that DPP4 inhibition is
not associated with the weight gain that typically accompanies improved glycemic control
in patients with T2DM suggests that DPP4 inhibitors may not be completely neutral in this
respect [90]. Slowing of gastric emptying that might reinforce the sustained change of eating
behavior was also demonstrated with treatment with DPP4 inhibitor sitagliptin [91].

The first study addressing the preservation of beta cell function in PCOS with DPP4 inhibitor
reported an increase of insulin sensitivity and significant decrease of insulin resistance when
alogliptin was added to metformin. Even greater improvement of these parameters was seen
when triplet therapy with alogliptin, pioglitazone and metformin was used [92]. Beneficial
effects of another DPP4 inhibitor sitagliptin were recently reported in metformin intolerant
women with PCOS and high metabolic risk. After metformin withdrawal, a 12-week treatment
with sitagliptin leads to significant improvement in beta cell function and prevented conver-
sion rate from normal to impaired glucose tolerance and type 2 diabetes when compared to
placebo [93]. Preliminary data suggest that DPP4 inhibitors seem to be a promising alterna-
tive in PCOS women with high metabolic risk who have failed with lifestyle intervention and
are metformin intolerant. Future larger designs of longer duration should be powered.

A small single blind, randomized study on prediabetic PCOS women reported beneficial
effect of DPP4 inhibitor saxagliptin on glucose homeostasis, metabolic parameters and clini-
cal status. A 16-week intervention with saxagliptin/metformin (5 mg/2000 mg), monotherapy
with saxagliptin (5 mg) and monotherapy with metformin (2000 mg) lead to normalization
in glucose homeostasis in 91, 55 and 25% of patients, respectively. Improvement of metabolic
parameters and clinical status was reported in all groups [94].

In a recent randomized study, another potential use of DPP4 inhibitors was demonstrated.
Enhancement of endogenous GLP-1 signaling by sitagliptin prevented the expected weight
regain after liraglutide 3.0 mg cessation in women with PCOS. During a 12-week follow-up
period, sitagliptin in adjunct to metformin resulted in weight maintenance, whereas a switch
to metformin alone resulted in a significant weight regain after liraglutide discontinuation.
It was also demonstrated that the ability to resist emotional eating was greater in combined
treatment than in monotherapy with metformin [95]. The observation provides first clinical
findings suggesting that DPP4 inhibition may prevent weight regain after liraglutide cessa-
tion. This sequential treatment concept is particularly useful in patients who became intoler-
ant, develop treatment resistance or decide to stop the antiobesity treatment with liraglutide.
Further research is necessary to fully understand the cross talks between effects of peripheral
signals of endogenous GLP-1 and central areas of satiety and reward in obese subjects.

2.4.6. Bariatric surgery in PCOS

Bariatric surgery is a well-established and effective method for the treatment of extreme obesity for
well-informed and motivated patients with a BMI>40 kg/m? or >35 kg/m?, with at least one comor-
bidity related to obesity and who have been previously unsuccessful with medical treatment for
obesity [96]. The mechanism of weight loss induced by bariatric surgery is multifactorial. Beside
reduced gastric volume [97, 98], weight reduction could be possibly explained with the changes
in gut-brain axis. Gastrointestinal bypass surgery results in a quick delivery of nutrients to the
small intestine associated with large increase in postprandial levels of GLP1 and PYY hormones
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[97-100]. Nevertheless, the mere fact that postoperative weight loss was significantly correlated to
the magnitude of GLP1 response (57 Holst) suggests that GLP1 has major role in weight balance.

There is currently no clear consensus on the role of bariatric surgery in the treatment of
obese patients with PCOS. Studies in PCOS are very heterogeneous with a small number
of patients. Beneficial observations were reported after laparoscopic Roux-en-Y gastric band
(RYGB) operation, in two small studies, where post-operational weight loss was associated
with resolution of hirsutism in 29-52% of patients, resolution of type 2 diabetes, improvement
of hypertension and dyslipidemia was also reported. Moreover, in both studies, significant
improvement in conception rate was observed [101, 102]. The same effects were also reported
in small studies on obese PCOS patients who underwent gastric banding, gastric plication
and laparoscopic sleeve gastrectomy [103, 104].

3. Conclusion

Agents mediating through GLP-1 effects in combination with lifestyle intervention and
metformin could potentially improve treatment outcomes in obese PCOS via co-target-
ing multifactorial origin of obesity and concomitant abnormalities intrinsically related to
PCOS. Based on the limited available data, GLP-1RAs, in particular liraglutide, should
be considered in obese PCOS. Enhanced understanding of the direct impact on GLP-1
beyond weight reducing and metabolic effects at the levels of pituitary and ovary are
expected within the next 5 years [51]. Larger and longer randomized studies are needed
to establish metabolic, reproductive and cardiovascular risk reduction and assess sus-
tainability and safety profile of the benefits achieved by these potential new treatment
strategies.
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Abstract

Infertility is a distressing medical and psychosocial problem afflicting about a quar-
ter of all couples wanting to reproduce their offspring. Majority of the anovulatory
problem in the female, as a cause of infertility, is due to polycystic ovary syndrome
(PCOS). This condition is a complex interplay of factors, which affect women even
beyond their fertility. It has been found to increase the risk of other adverse condi-
tions such as the metabolic syndrome, cardiovascular diseases, type II diabetes
mellitus, and endometrial cancer as well as infertility. Different groups have made
diagnosis of PCOS with various diagnostic criteria. The Rotterdam criteria used in
the diagnosis of PCOS mainly emphasize the reproductive malfunctions of this com-
plex disease. The treatment of anovulatory infertility in PCOS is as enigmatic as the
disease itself. Various methods have been deployed to treat the anovulation with
variable success. Clomiphene citrate is a traditional first-line drug in treating
anovulation in women with PCOS. Weight reduction, letrozole, metformin, follicle-
stimulating hormone (FSH) and ovarian drilling are some of the other ways in which
anovulation has been treated in these women. What method is more likely to succeed
in treating the infertility from anovulation in PCOS and in what circumstance are the
subject matters of this discussion.

Keywords: polycystic ovary syndrome, ovulation induction in PCOS, anovulatory
infertility, clomiphene citrate, letrozole

1. Introduction

Polycystic ovarian syndrome (PCOS) is a group of heterogeneous endocrine disease affecting
women characterized by irregular menses, hyperandrogenism, and polycystic ovaries. The
diagnoses of polycystic ovarian syndrome are frequently made for the first time in the infertil-
ity clinic during evaluations for infertility. Infertility is the main clinical manifestation of
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ovulatory dysfunction in patients with PCOS. The prevalence is between 8.5 and 20%
depending on the criteria used for the identification of the condition [1, 2].

Anovulation is a cause of infertility in up to a quarter of all cases of infertility. Normogona-
dotropic anovulation classified as World Health Organization (WHO) group II is the most
common category of anovulatory infertility. PCOS is the most common in this group and
notably the commonest endocrine disorder and cause of anovulation [1-3]. Insulin resistance
is implicated in the ovulatory dysfunction in PCOS by disrupting the hypothalamo-pituitary-
ovarian axis. Insulin resistance also leads to other comorbidities such as metabolic syndrome,
hypertension, dyslipidemia, glucose intolerance, and diabetes mellitus as well as mental dis-
orders such as depression, anxiety, bipolar disorders and binge eating [1, 4]. Women with
PCOS present to the fertility clinic with chronic oligo/anovulation and hyperandrogenism,
with attendant negative effects on their fertility. The desire to reproduce is very intense in
many communities where there is high premium placed on reproduction as a means of
survival. So, these women having learnt the diagnosis of their conditions are very expectant
that their conditions will soon be reversed following treatment such that they could ovulate,
become pregnant, and successfully have children. Many a times, the drug to bring about the
reversal of anovulation refuses to work due to innate characteristics within the woman, the
drug, or even the environment. This challenge has led to the development and use of several
different pharmacologic agents used singularly and in combination to deal with the challenge
of anovulation. Other physical methods and herbal preparations have also been deployed to
varying degree of success to combat anovulation in women with PCOS.

Central to the management of women with infertility from PCOS is the induction of ovulation.
The treatment options for infertility in women with PCOS include clomiphene citrate, gonad-
otropins, laparoscopic ovarian drilling (LOD), and assisted reproductive technology [1, 5].
Common to all methods is the induction of ovulation. Letrozole and metformin also play
important roles in ovulation induction as has been now well demonstrated. The use of these
pharmacologic agents has been shown to be superior to placebo or no treatment in terms of
pregnancy or ovulation [6].

2. Weight reduction and ovulation induction

Scientific studies have not confirmed that women could regain spontaneous ovulation with
voluntary weight loss and other life style modifications as systematic reviews did not identify
studies that confirm that ovulation and other clinical reproductive outcomes improved with
weight loss in women with PCOS but the studies identified increased total testosterone,
androgen index, hirsute, fasting blood glucose, fasting insulin, and worsened lipid profile in
the obese women compared with normal weight women with PCOS [7-9]. Obesity is linked to
anolution and pregnancy loss as well as poor response with ovulation induction methods such
as clomiphene citrate, gonadotropins, letrozole, and ovarian drilling [10-15]. This is important
as previous authors have surmised that since obesity is found in some women with PCOS and
worsens insulin resistance, that weight loss would improve ovulation and other reproductive
outcomes [4, 16-19].
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The American societies studying PCOS indicate that weight loss is a primary therapy in PCOS.
That weight loss as little as 5-10% of body weight can regularize menses and improve
response to ovulation induction and fertility medications [9, 12].

In many countries, lifestyle intervention is recommended as this has led to higher spontaneous
ovulation rates and natural conception rates [20, 21].

Weight reduction through dietary modification and exercise is recommended for overweight
PCOS patient [22]. Some studies show that over 10% of women with PCOS will regain sponta-
neous ovulation when placed on low calorie, low-fat diet, and exercise or with surgery. The aim
of dietary restriction and exercise is toward losing about 5-10% of their body weight. This form
of treatment alone or in combination with pharmacologic agents would reduce insulin resistance
and is advocated for overweight to obese women of BMI > 24 [22]. The drawbacks of this method
of treatment are that such women lack the motivation to remain on diet and exercise, and may
not be able to achieve the desired weight loss to trigger spontaneous ovulation, and most times
pharmacologic agents are added to assist ovulation. The duration it takes to achieve the desired
body weight to bring about ovulation is not defined, but differs among patients. Other draw-
backs are that it may not treat anovulation in normal-weight women even though they also have
insulin resistance as well. The advantage is that it is cost-effective and will not produce any form
of drug reactions. It will also reduce the high level of luteinizing hormone and reduce early
pregnancy loss. A combination of lifestyle modification with weight loss before pharmacologic
ovulation-inducing agents improved ovulation and live birth in women with PCOS in a USA
study [23] and in addition, required lower doses of pharmacologic agent for ovulation induction.

3. Pharmacologic agents and ovulation induction

3.1. Use of pharmacologic agents in induction of ovulation

Several pharmacologic agents have been used to induce ovulation in these patients. They have
achieved varied success with attendant setbacks from these drugs especially in achieving
pregnancy and with adverse pregnancy outcomes. These drugs include clomiphene citrate,
metformin, letrozole, gonadotropins, inositol, and tamoxifen.

3.1.1. Clomiphene citrate

Clomiphene citrate is traditionally the first-line drug used to induce ovulation in women with
anovulation due to PCOS [2]. This drug has both estrogenic agonist and antagonist effects. It
produces its effect principally by blocking the estrogen receptors in the hypothalamus to increase
the endogenous follicle-stimulating hormone (FSH) to bring about folliculogenesis and ovula-
tion. Clomiphene citrate when compared to other pharmacologic agents used for induction have
been found to be inferior to drugs like letrozole, or a combination of clomiphene citrate and
metformin with respect to ovulation, pregnancy, or live birth [6]. Clomiphene citrate in combi-
nation with metformin showed a higher pregnancy rate than clomiphene citrate alone or metfor-
min alone. The odds ratio for pregnancy when clomiphene citrate in combination with
metformin is compared to clomiphene citrate alone is 1.8 (1.35-2.42) indicating that clomiphene
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citrate in combination with metformin is a better treatment and offers 1.8 times the chance of
pregnancy compared to the clomiphene citrate alone.

A small group patients do not ovulate at a maximum dose of 150 mg of clomiphene citrate for
5 days; they are taken to be clomiphene-resistant and anyone unable to achieve pregnancy for
a period of 6 months on clomiphene citrate is termed to have clomiphene failure. Those
resistant to clomiphene citrate will require other forms of ovulation induction, which may
include a combination of the clomiphene citrate and metformin, other pharmacologic therapy
or ovarian drilling to produce ovulation in this subset of women. Other disadvantages of
clomiphene citrate are its antagonist effect on the estrogen receptors within the endometrium,
which is thought to reduce the pregnancy rates in women treated with clomiphene citrate. The
rates of multiple pregnancies with clomiphene citrate are below 10% and the risk of ovarian
hyperstimulation is rare when compared to follicle stimulating hormone with higher chances
of both multiple pregnancy and ovarian hyperstimulation syndrome [23]. The prolonged use
of clomiphene may increase the risk development of uterine fibroid or endometrial cancer.

3.1.2. Letrozole

Letrozole is a third-generation aromatase inhibitor. In inducing ovulation, the drug acts pri-
marily in the ovary where it antagonizes the effect of the enzyme 5a-reductase in the produc-
tion of estrogen in the ovary. Its effect is to inhibit the conversion of testosterone and
androstienedione to estradiol and estrone. It also blocks the conversion of androgen to estro-
gens in the peripheral fat cells and suppresses local estrogen production in the brain. The
reduced levels of estrogen release the hypothalamus from the negative feedback effects of
estrogen and cause increased production of FSH for folliculogenesis and ovulation.

Letrozole has been found to be superior to clomiphene citrate alone or even clomiphene citrate in
combination with metformin. The systemic review and meta-analysis of the Rui Wang group
showed that Letrozole produced a higher pregnancy and ovulation rates when compared with
clomiphene citrate alone. The odds ratio for pregnancy or ovulation with letrozole compared
with clomiphene citrate is 1.58 and 1.99, respectively. Similar outcome was also noted when
compared to tamoxifen (another estrogen antagonist similar to clomiphene citrate).

Letrozole also led to higher live-birth rates when compared to clomiphene citrate alone. The
chances of birth with letrozole are about 1.6 times higher than clomiphene. It also resulted in
lower multiple pregnancy rates compared to the clomiphene citrate. In these regards, Letrozole
is better than the clomiphene citrate used traditionally to induce ovulation in women with
PCOS. However, the systematic review acceptably did not review the negative effects of these
drugs. It also found that the risks of abortions are lower with letrozole group [6]. In patients
with clomiphene citrate resistance, Letrozole in combination with metformin showed better
efficacy than clomiphene-metformin combination in terms of ovulation rates, pregnancy rates,
and live births rates. It also has less abortion rates in the meta-analysis of treatments of patients
with clomiphene citrate-resistant PCOS [24].

Letrozole can be used as a first-line drug in the treatment of anovulation because of its higher
ovulation, pregnancy and live birth rates, and lower multiple pregnancy rates. The main
advantage of letrozole over clomiphene citrate or clomiphene citrate combination with



Ovulation Induction in Women with Polycystic Ovary Syndrome: What is the Optimal Option?
http://dx.doi.org/10.5772/intechopen.70812

metformin is the absence of anti-estrogenic effects at the level of the endometrium, which
perhaps is responsible for its higher pregnancy and live birth rates [1]. Despite the promising
results with letrozole, neither letrozole nor metformin is approved for the treatment of
anovulation in many countries and it is outrightly prohibited in several other countries.

3.1.3. Metformin

Metformin is an oral hypoglycemic agent; a biguanide used for treatment of type 2 diabetes
mellitus. It works as insulin sensitizer and reduces insulin resistance, which is a feature in
PCOS. It improves ovulation and other reproductive functions. It assists in weight reduction
and its effect is better in obese women with PCOS. Alone, metformin is a weak induction
agent. However, it is very effective when used along with clomiphene citrate for the induction
of ovulation in the patients with PCOS. When metformin is given in combination with clomi-
phene citrate, there were significantly higher pregnancy rates than metformin or clomiphene
citrate alone. The chances of pregnancy increased over 1.7 times in those with the combination
of clomiphene and metformin when compared to metformin alone. Letrozole and metformin
are also superior to metformin or letrozole alone in inducing ovulation. However, metformin is
also useful after ovarian drilling. It reduces insulin resistance and androgens levels, and
increases ovulation and pregnancy rates in clomiphene citrate-resistant PCOS after laparo-
scopic ovarian drilling (LOD).

3.1.4. Gonadotropins

The gonadotropins have been used to bring about ovulation in several anovulatory conditions
including PCOS. It acts directly on the primordial follicles replacing endogenous gonadotro-
pins to bring about folliculogenesis and ovulation. All forms of gonadotropins ranging from
the human menopausal gonadotropins (HMG) to the highly purified follicle stimulating hor-
mone have been recognized to cause ovulation in women. The active agent is the follicle
stimulating hormone. The major set back has been that it cannot be administered orally. When
compared to other pharmacologic agents, the efficacy of the follicle-stimulating hormone in
bringing about ovulation is the highest. It also has the highest live birth rates after letrozole in
the network meta-analysis comparing the efficacy in the use of these agents [6]. In the patient
with clomiphene resistance, FSH was superior to clomiphene-metformin combination in ovu-
lation rates, pregnancy, and live birth rates as well [1]. The follicle-stimulating hormone led to
a higher multiple pregnancy rates when compared to the other pharmacologic agents with a
higher risk of ovarian hyperstimulation syndrome. These are the two most serious side effects
of gonadotropins resulting from simultaneous growth of many follicles [6, 18, 25]. Gonadotro-
pins could be the second-line drug for clomiphene-resistant PCOS patients [26, 27].

4. Surgery and ovulation induction

4.1. Use of ovarian drilling to induce ovulation

Laparoscopic ovarian drilling has been demonstrated to induce ovulation in women with PCOS.
This method of ovulation induction is used for clomiphene-resistant and FSH-resistant PCOS.
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The mechanism involved in the ovarian diathermy is that it leads to the correction of
hypersecretion of LH brought about by modification of the ovarian pituitary feedback. The
practice is to drill into both ovaries. However, unilateral drilling has been found to bring about
ovulation in either ovaries as well [1, 15, 26]. A net meta-analysis comparing its use as an
ovulation induction agent did not find it superior to placebo or no treatment. It had no signifi-
cantly higher chance at pregnancy or higher pregnancy rates in women with PCOS [6]. In
patients with clomiphene resistance where it is being advocated, LOD was found to reduce
testosterone and Luteinising hormone levels and associated with more regular cycles, higher
ovulation and pregnancy rates compared to metformin alone even though metformin results in
more attenuation of luteinizing hormone [28]. Emerging evidence shows that unilateral ovarian
drilling has similar effects as bilateral ovarian drilling in bringing about ovulation, pregnancy
rates, and life birth rates. Reported pregnancy rates are lower than in treatment with HMG [24].
The seeming comparative advantage of LOD is in its one-off therapy, especially in patients with
clomiphene citrate resistance, sustained reversal of the pathology, high ovulation and pregnancy
rates, reduced risk of multiple pregnancy, and ovarian hyperstimulation syndrome as well as
patient’s acceptability [26]. LOD with elecrocautery was found to be superior in treating
anovulation compared to laser drilling or use of gonadotropins in clomiphene-resistant PCOS
patients. The major side effects of LOD are the fact that it is a theater procedure and requires
anesthesia; it may reduce ovarian reserve and has been associated with peri-ovarian adhesions
[29, 30]. When ranked according to efficacy of ovulation induction, the systemic review found
out that the clomiphene citrate in combination with metformin was the most efficacious
followed by follicle-stimulating hormone, letrozole, metformin, clomiphene, tamoxifen, laparo-
scopic ovarian drilling, and placebo or no treatment in that order. This when ranked in percent-
age efficacy of effectiveness showed 90, 82, 80, 50, 46, 27, 22 and 3%, respectively [6].

4.2. Use of bariatric surgery to induce ovulation

Bariatric surgery has been used for weight reduction among highly obese women who had
bariatric surgery for just weight reduction. The bariatric surgery in obese PCOS patient also
resulted in weight loss, spontaneous ovulation, and pregnancy.

5. Conclusion

However, when the ranking in terms of live birth rate was done, letrozole (81%) gave the best
result, followed by follicle-stimulating hormone (74%), clomiphene-metformin (71%), tamoxi-
fen (48%), clomiphene citrate (36%), metformin (30%), placebo or no treatment (10%).

Women with PCOS should undergo pre-conception counseling before any treatment for infer-
tility. The importance of life-style modification, especially weight loss and exercise, should be
emphasized and encouraged in overweight women, and smoking and alcohol consumption
should be discouraged [24]. More randomized trial to determine the effect of weight loss to
ovulation should be undertaken to elucidate clearly the place of weight loss as a means of
ovulation of induction considering its affordability and acceptability as a means of treatment.
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The controversy with the method of treating anovulatory infertility in women with PCOS will
continue for some time. The systemic review found out that the clomiphene citrate in combi-
nation with metformin was the most efficacious followed by follicle-stimulating hormone,
letrozole, metformin, clomiphene, tamoxifen, laparoscopic ovarian drilling, and placebo or no
treatment in that order. However, when the ranking in terms of live birth rate was done,
letrozole, follicle-stimulating hormone, clomiphene-metformin, tamoxifen, clomiphene citrate,
metformin, placebo or no treatment was noted. It will therefore seem reasonable to include
letrozole, clomiphene citrate and the combination of clomiphene citrate with metformin as
possible first-line drugs in the treatment of anovulatory infertility in women with PCOS. While
the gonadotropins is reserved as a second-line drug for these women, ovarian drilling is
recommended after failure with the gonadotropins or whenever laparoscopy is indicated for
any other reason in these women with failed clomiphene resistance. It will be advisable to refer
patients that fail to achieve pregnancy using the methods above for assisted reproductive
therapy for the treatment of their anovulatory infertility.
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Abstract

Polycystic ovarian syndrome (PCOS) is a common, heterogeneous, complex, endocrino-
pathic condition that causes menstrual dysfunction and infertility in women. Traditional
Chinese medicine (TCM) has been widely used for PCOS in Far-East countries for thou-
sands of years. There are significant advantages in treating PCOS with TCM. This chapter
aims to investigate the current developments in TCM therapy for PCOS.

Keywords: complementary and alternative therapy, traditional Chinese medicine,
polycystic ovarian syndrome, acupuncture, moxibustion

1. Introduction

1.1. Definition

Polycystic ovarian syndrome (PCOS) is characterized by endocrine and ovarian disorders
that affect quality of life in women of reproductive age. In 1935, PCOS was first described by
Stein and Leventhal with a description of seven women suffering from amenorrhea, hirsut-
ism, and enlarged ovaries with multiple cysts [1, 2]. Some different criteria about the National
Institute of Health (NIH), Rotterdam criteria, Androgen Excess Society and Polycystic Ovary
Syndrome Society guidelines (AE-PCOS) are shown in Table 1 [3-8].

1.2. Epidemiology

Globally, PCOS affects 5-20% of women of reproductive age [9]. One report summarized the
incidence of PCOS as 6-13% in Hispanic women, 3-9% in African American women, and 2-9%
in Asian women [10]. The prevalence of PCOS in different geographical regions ranges from
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Title NIH 1992 Rotterdam 2003 AE-PCOS 2006 NIH 2012 extension of Rotterdam
2003
Criteria e C(Clinical or ¢ C(linical or e Clinical or e Clinical or biochemical andro-
biochemical biochemi- biochemi- gen excess
androgen excess cal androgen cal androgen e Oligo- or anovulation
e Rare ovulations excess excess . .
. . * Polycystic ovaries
¢ Oligo- or ¢ Opvarian dys-
anovulation function and/
* DPolycystic or p(.)lycystlc
. ovaries
ovaries
Restriction Need both criteria Need two of three  Need both criteria ~® Need two of three criteria
criteria * Specifically identifying the four
sub-phenotype:
A. Androgen Excess + Ovula-
tory Dyfunction + Polycystic
Ovaries
B. Androgen Excess + Ovulatory
Dysfunction
C. Androgen Excess + Polycystic
Ovaries
D. Ovulatory Dysfunction + Pol-
ycystic Ovarian Morphology
Exclusion Exclusion of other androgen excess and other similar etiology

Table 1. Diagnostic criteria for PCOS.

5 to 10% according to the NIH 1990 criteria, from 10 to 15% according to the AE-PCOS 2006
criteria, and from 6 to 21% when the Rotterdam criteria are applied [7]. East Asian subjects
(Korean, Chinese, and Thai) appear to have a lower prevalence of PCOS (about 5%) compared
to Caucasian women (11-20%) [11].

One systematic review and meta-analysis showed the incidence of PCOS phenotypes using
the 2012 NIH criteria was 50% for phenotype A, 13% for phenotype B, 14% for phenotype C,
and 17% for phenotype D [12].

1.3. Comorbidities

Patients with PCOS often have comorbidities such as obesity, insulin resistance/type II diabe-
tes mellitus (Type II DM), dyslipidemia, hypertension/cardiovascular disease, infertility/sub-
fertility, or cancer. One systematic review and meta-analysis demonstrated that women with
PCOS had a pooled prevalence of 61% for overweight [body mass index (BMI) > 25], 49% for
obesity (BMI > 30), and 54% for central obesity [13]. Insulin resistance (IR) is present in 50-80%
of these women, which is associated with obesity [14, 15]. Both lean (30%) and obese women
(70%) with PCOS show decreased insulin sensitivity [16].
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Around 27% of premenopausal women with PCOS have type II DM [17]. Dyslipidemia may
be up to 70% in women with PCOS [18, 19]. In a large study of European and American
women with PCOS, the total cholesterol and low-density lipoprotein cholesterol (LDL-C) lev-
els increased significantly, up to 29 and 16 mg/dl, respectively, in non-Hispanic white, obese
women with PCOS compared to obese women without PCOS [19]. This study also noted that
the total cholesterol and LDL-C levels were elevated significantly, up to 32 and 32 mg/dl,
respectively, in nonobese women with PCOS compared to nonobese women without PCOS
[19]. Another worldwide systematic review and meta-analysis demonstrated that triglycer-
ides (TG) and LDL-C levels were 26 and 12 mg/dl higher, and high-density lipoprotein cho-
lesterol (HDL-cholesterol) concentration was 6 mg/dl lower than that of controls [20].

One clinical study demonstrated that nearly 26% of women with PCOS have hypertension
[21]. The metabolic imbalances in patients with PCOS cause chronic low-grade inflammation
and cardiovascular disturbances, which increase the risk of cardiovascular disease [22]. One
systematic review and meta-analysis showed a 2-fold increased risk of coronary heart disease
(CHD) and stroke for women with PCOS compared to those without PCOS [23].

Women with PCOS account for around 80% of women with anovulatory infertility [24, 25].
A recently systematic review and meta-analysis showed that women of all ages with PCOS
were at a significantly increased risk [odds ratio (OR) up to 2.79] for endometrial cancer [26].
Moreover, this study also revealed that when women over 54 years of age were excluded from
the analysis, the risk for women with PCOS increased more (OR up to 4.05) for endometrial
cancer and for ovarian cancer (OR up to 2.52), but stable for breast cancer [26].

2. Etiology

The etiology of PCOS is still not clear. A systematic review suggested that post-natal expo-
sure to androgens results in reprogramming of the hypothalamic-pituitary-ovarian-axis [27].
Recently, some clinical studies have confirmed that human fetal androgen excess promotes
PCOS development after birth by checking infant blood levels at term [28]. The circulating
androgen levels of the human female fetus in the second trimester can increase into the male
range and mid-gestational amniotic testosterone levels in female fetuses of PCOS mothers
may be higher than those in normal mothers, which might influence fetal development [28].
Another review article mentioned that the fetal ovary is more likely to produce an excess of
androgens in response to maternal human chorionic gonadotropin (hCG) in subjects geneti-
cally predisposed to PCOS [29]. Furthermore, some genetic variations are associated with
PCOS. For example, DENNDI1A is found in the cytoplasm and nuclei of ovarian theca cells.
Over expression of DENNDI1A variant 2 results in a PCOS-like phenotype, and knock-down
of DENND1A variant 2 in PCOS theca cells reversed this phenotype [30]. In addition, a recent
review showed that genome-wide association studies (GWAS) have identified some loci con-
taining genes with clear roles in reproductive (LHCGR, FSHR, and FSHB) and metabolic
(INSR and HMGA?2) dysfunction in PCOS [31].
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3. Diagnosis

There are several diagnostic criteria for PCOS such as NIH 1990/2012, ESHRE/ASRM 2003
(Rotterdam), or AE-PCOS 2006. Diagnosis of PCOS should take into consideration the history,
clinical manifestations, ultrasound imaging results, and serum examination results.

3.1. History taking

Menstrual abnormality such as oligo-anovulation (OA) is usually noted [32]. According to the
Rotterdam criteria, OA is defined as less than eight episodes of menses a year or cycle lengths
of more than 35 days [5]. A stricter definition, such as less than eight menstruations and/or two
cycles of less than 22 or more than 42 days per year, the prevalence of OA drops to 14% and
OA becomes highly predictive of PCOS [33, 34]. Although 30% of women with PCOS will have
normal menses [2, 35], 85-90% of women with OA have PCOS, while 30-40% of women with
amenorrhea have PCOS [2, 36]. After the age of 40, women with PCOS often have more regular
menstrual cycles while women over 30 who develop OA are less likely to have PCOS [32].

Weight gain and central obesity are common presentations in PCOS and usually come before
the onset of anovulatory cycles [14]. In the United States, the prevalence of obesity in girls
aged 12-19 years in 2007-2008 was 17%, compared with 50-80% among adolescent girls with
PCOS [13, 37-40].

3.2. Clinical manifestations

Clinical manifestations are acne, hirsutism, and androgenic alopecia . Some patients appear
with only one or two manifestations, while a few patients have all the three [2]. Sixty percent
of patients with PCOS have hirsutism and 15-25% patients have acne [6].

3.3. Other diagnostic methods

The BMI, blood pressure, waist circumference (WC), and hip circumference should be mea-
sured at the initial visit. Fasting lipid profile, sugar and glycohemoglobin, or a 2-hour oral
glucose tolerance test (OGTT) should be performed if PCOS is suspected at the initial visit.
Trans-vaginal ultrasound is indicated rather than trans-abdominal ultrasound if the patient
has one of either irregular menstruation or HA. The Rotterdam PCOM criteria, considered to
have sufficient specificity and sensitivity to define PCOM, requires the presence of 212 follicles
measuring 2-9 mm in diameter and/or increased ovarian volume (>10 cm?) in a single ovary or
both ovaries [32, 41-42]. In 2014, the AE-PCOS guidelines suggested using follicle number per
ovary (FNPO) 225 for the definition of PCOM when using newer technology that allows maxi-
mal resolution of ovarian follicles (such as a transducer frequency of more than 8§ MHz) [41, 43].

Serum hormone examination, such as serum androgens, should be performed on women
with clinical appearance of PCOS. In addition, anti-Miillerian hormone (AMH) in women is
generated by granulosa cells, and preantral and antral follicles, and its major function seems
to be limited to inhibit the development of the initial stage of follicular maturation [44]. Serum
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AMH in women with PCOS is higher than in healthy women, which probably reflects the
number of small follicles observed on the ultrasounds of polycystic ovaries [45]. Studies have
reported that 97% of women with AMH >10 ng/mL had PCOS and this correlated positively
with LH, total testosterone, and DHEA [45, 46]. Besides, serum AMH revealed high predictive
ability for the presence of OA or amenorrhea [45, 46]. Recently, serum AMH is proving to be
a better tool to understand ovarian function and follicular count; however, the clinical use of
serum assays for AMH still poses some technical problems [33, 44].

4. Conventional management and limitations

Management of PCOS is limited to improve clinical manifestations, since the real etiology of
the disorder is unclear [47]. While multiple cardiovascular risk factors such as obesity, dys-
lipidemia, hypertension, and DM are prevalent in PCOS, current therapeutic management of
PCOS usually focuses firstly on the treatment of metabolic disturbances (anovulation, men-
strual irregularity, and hirsutism) and secondly on the control of reproductive hormones or
insulin levels [48]. Lifestyle modifications including increased exercise, dietary changes, and
weight loss are appropriate first-line interventions for many women with PCOS [49]. Diet
therapy for patients with PCOS includes the design of low-calorie diets to achieve weight
loss or preserve a healthy weight, restrict the intake of simple sugars, and increase the con-
sumption of foods with a low glycemic index and refined carbohydrates, a decrease in the
consumption of trans and saturated fatty acids, and awareness of possible deficiencies such
as omega-3, vitamin D, and chromium [50]. One systematic review and meta-analysis dem-
onstrated that moderate physical activity mostly 12 or 24 weeks would improve ovulation,
decreased IR (9-30%), and weight loss (4.5-10%) [51]. The AE-PCOS guidelines suggested
a target of caloric, diet, and body weight control in PCOS women with more restrictions if
dyslipidemia occurred [52-54]. The detailed information is listed in Table 2 [52-54].

Nutrition recommendations Methods
Limitation of calories Decrease current diet 500-1000 kcal/day
Reduction of fat Decrease total fat (less than 30% total caloric intake) and

saturated fat (less than 10% total caloric intake)

Favor foods intake Increase fiber, vegetables, fruit, cereals, wholegrain breads,
monounsaturated and polyunsaturated fat intake

Suggestions if dyslipidemia Expect reduction in LDL-C (%)
Reduce body weight by 7-10% 5-8%

Decrease saturated fat to 7% total energy 8-10%

Decrease dietary cholesterol to <200 mg daily 3-5%

Decrease transfat to 1% total energy 2%

Increase 2 g of plant stanols daily 6—0%

Add 5-10 g viscous fiber daily 3-5%

Table 2. Nutritional recommendations for PCOS women from the AE-PCOS society.

95



96 Debatable Topics in PCOS Patients

Medical agents

Indication and effect

Limitations

Clomiphene citrate

Metformin

Oral conceptions

Anti-androgens

Steroids

Statins

*As an ovary-stimulating drug in subfertile
/infertile women

*Nonsteroidal synthetic hormone consisting of
a racemic mixture of two stereoisomers (40%
enclomiphene [EnC] and 60% zuclomiphene
[ZuC]), with anti-estrogenic properties

*Usually used in young girls and adolescents with
PCOS as first-line monotherapy or in combination
with anti-androgen medications and OCPs
*Improve hyperandrogenemia and symptoms of
androgen excess

*Recovery ovary function with normal menses
*Assist in weight reduction

*Reduce in metabolic parameters of insulin
resistance

*Contain estrogen (almost exclusively
ethinylestradiol) and a progestin

*Decrease androgens and block the effect of
androgens by inhibiting of ovarian androgen
production and by increasing SHBG
*Advantageously combined with an anti-androgen
to attain a better effect when treating hirsutism
and alopecia

*Competitive antagonism of the androgen receptor
(spironolactone (SPA), cyproterone acetate,
flutamide) or suppression of 5a-reductase (5aR,
such as finasteride) to prevent the conversion of
5a-dihydrotestosterone into free testosterone
*Suppress the effects of androgen in the hair follicle
or in the pilosebaceous unit

*Physiologic doses of prednisolone or
dexamethasone can reduce androgen output
directly

*Lipid-lowering agents with multiple actions to
improve dyslipidemia
*Combined with an OCP can improve hirsutism

*Possible fetal malformations, mainly
neural tube defects and hypospadias
*Increased risk of endometrial
cancer, especially at doses greater
than 2000 mg and high (more than 7)
number of cycles

*Promoting ovulation is still
controversial

*Maybe increase IR after a 2-year
period of intervention

*Progestins, such as chlormadinone
and drospirenone, may increase
venous thrombosis events and may
be contraindicated in severe obesity
patients.

*Little effect in blocking mild to
moderate hirsutism or alopecia with
OCPs only

*SPA may induce hyperkalemia,

breast discomfort, dry skin, gastritis,
headaches and dizziness
*Intermenstrual spotting may occur if
the women taking SPA as monotherapy
*SPA has the potential for
teratogenicity

*Less effective for the treatment of
hirsutism

*Statins alone do not improve
hirsutism, menstruation, or BMI

Table 3. Current medical agents and limitations for PCOS.

Unfortunately, lifestyle interventions are associated with low adherence and sustainability,
and engagement, compliance, and sustainability remain challenging [55]. Medical treatment
of PCOS is indicated if lifestyle modifications are a failure or unsuitable. Medical treatments
include clomiphene citrate, metformin, oral contraceptives (OCPs), anti-androgen, steroids,
and statins. One-year randomized clinical trial (RCT) showed that combined oral contracep-
tives plus spironolactone can decrease hirsutism score, androgens, and DHEA levels with fewer
menstrual dysfunction [56]. Another randomized, controlled crossover study demonstrated
that both metformin and myoinositol significantly reduced the insulin response to OGTT and
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improved insulin sensitivity [57]. Metformin could reduce body weight, improve menstrual
pattern, and decrease LH, oestradiol levels, androgens, and AMH levels [57]. Table 3 lists the
medical treatment agents and limitations for PCOS [58-67].

Bariatric surgery is used for weight reduction in patients with morbid obesity. One systematic
review showed that bariatric surgery can improve postoperative conception rates, hirsutism,
menstrual irregularities, and hormonal abnormalities in women with PCOS [68]. Another sys-
tematic review and meta-analysis about bariatric surgery demonstrated that the incidence of
PCOS preoperatively was 45.6%, which significantly decreased to 6.8 and 7.1% at the 1 year
follow-up and study endpoint, respectively [69]. Moreover, it also demonstrated nearly a 50%
improvement in menstrual irregularity and a 30% improvement in hirsutism [69]. There is
still a lack of evidence for the improvement in fertility after bariatric surgery [68, 69]. One
report revealed the tendency of increasing infant mortality in the bariatric group and bariatric
surgery may have its own unique risk-benefit ratio with regards to pregnancy results [70].

5. Traditional Chinese medicine

Traditional Chinese medicine formulas and herbs have been used to manage the health prob-
lems of women for hundreds of years. Classically, Chinese medicine prescription is com-
posed of many herbs to treat a specific disease. According to the principles of TCM syndrome
patterns for PCOS, one study showed that Shen deficiency with blood-stasis syndrome was
the most frequent pattern noted in these patients, followed by Pi-deficiency with phlegm-
dampness syndrome, Pi-Shenyang-deficiency syndrome, and Shen-yin deficiency syndrome
[71]. Another study demonstrated that TCM syndrome patterns presented in patients with
PCOS were mostly amalgamative, of which Shen deficiency and Gan stagnancy are the basic
syndromes [72]. One earlier study revealed that elevated levels of testosterone correlated
more with the TCM syndrome pattern of Shen-Yi deficiency compared to other patterns [73].
Interestingly, there is one study that describes the correlation between TCM syndrome pat-
terns of PCOS and ovulation induction effects [74]. The effects of clomiphene on patients with
phlegm-dampness accumulation syndrome and Shen-yin deficiency syndrome were poorer
than in patients with Shen-yang deficiency syndrome and Gan-stagnancy transformed heat
syndrome, which suggested the degree of reproduction endocrine dysfunction or the metabo-
lism disturbance of the former two syndrome patterns were more severe than the latter two
syndrome patterns [74].

5.1. Chinese herbal formulas for PCOS
5.1.1. Jia-Wei-Xiao-Yao-San

Jia-Wei-Xiao-Yao-San, also called Dan-Zhi-Xiao-Yao-San, consists of Moutan Radicis Cortex,
Radix Paeoniae Rubra, Bupleuri Radix, Angelicae Sinensis Radix, Poria, Glycyrrhizae Radix,
Atractylodes Ovatae Rhizoma, Zingiberis Rhizoma Recens, and Menthae Herba. According
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to the principles of TCM, Jia-Wei-Xiao-Yao-San disperses stagnated liver qi for relief of gi
stagnation and suppresses heat and nourishes the blood. One study showed that a danzhi
xiaoyao pill could improve ovulation rates and pregnancy rates in anovulation infertility
patients with PCOS complicated by IR [75]. It was also reported as the most frequently pre-
scribed formula for patients with PCOS in north Taiwan [76].

5.1.2. Wen-Jing-Tang

Wen-Jing-Tang consists of Cinnamomi Ramulus, Evodiae Fructus, Ligustici Rhizoma, Angelicae
sinensis Radix, Paeoniae Radix, Ginseng Radix, Glycyrrhizae Radix, Zingiberis Rhizoma Recens,
Moutan Radicis Cortex, Ophiopogonis Tuber, Pinelliae Tuber, and Asini Corii Gelatinum. According
to the principles of TCM, Wen-Jing-Tang would promote blood circulation to dispel blood
stasis, dispels cold by warming the meridians, benefits qi, and nourishes the blood. One study
showed that Wen-Jing-Tang was effective in regulating endocrine conditions in the treatment
of ovulation disorders in patients with PCOS [77]. It suggested that Wen-Jing-Tang is ade-
quate for the clinical management of PCOS in women with various constitutions (as deter-
mined by the matching theory of eight-principle pattern identification) [77].

5.1.3. Cang-Fu-Dao-Tan-Wan

Cang-Fu-Dao-Tan-Wan consists of Atractylodes Lanceae Rhizoma, Cyperi Rhizoma, Pinelliae
Rhizoma, Citri Reticulata Pericarpium, Poria, Citrus aurantium L., Glycyrrhiza Radix, and Arisaema
heterophyllum Bl. According to principles of TCM, Cang-Fu-Dao-Tan-Wan resolves phlegm
and dissipates masses, eliminates dampness, and relieves depression. One study evaluated
the efficacy of a modified Cangfu Daotan pill combined with clomiphene in patients with
PCOS. The results showed that the modified Cangfu Daotan pill could improve symptoms,
increase ovarian artery blood flow, and lower FSH and LH [78]. Another study evaluated a
modified Cangfu Daotan Decoction (MCDD) on endometrial receptivity in infertility patients
with PCOS [79]. MCDD could increase pregnancy rates with improving insulin resistance,
endometrial blood flow, endometrial receptivity, and increasing the uncoupling protein
(UCP2) expression [79]. UCP2 expression, negatively regulating the hypersensitivity of insu-
lin, has been reported to be significantly higher in early stage follicles of ovary tissue in PCOS
patients [80], but the mechanism and function in the endometrium remains unknown.

5.2. Single Chinese herbs for PCOS
5.2.1. Cyperi Rhizoma

Cyperi Rhizoma, also called Xiang Fu in Chinese, originates from dried roots of Cyperus rotun-
dus L. According to the principles of TCM, it can disperse and rectify depressed liver-energy,
regulating menstruation, and arresting pain. Cyperi Rhizoma was also reported as the most
frequently prescribed single herb in north Taiwan for patients with PCOS [76]. It may have
potential for PCOS treatment due to its pharmacological benefits resulting in anti-androgenic,
anti-diabetic, anti-lipidemic, anti-obesity, and weight-control effects in obese patients accord-
ing to the present research results [81, 82].
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5.2.2. Radix Salvia Miltiorrhiza

Radix Salvia Miltiorrhiza, also called Dan Shen in Chinese, originates from dried roots of Salvia
miltiorrhiza Bunge. According to the principles of TCM, Dan Shen can promote blood flow to
regulate menstruation, cool blood, and dispel blood stasis. Tanshinone, the main ingredient
of Salvia miltiorrhiza Bunge [83], may decrease the level of androgen and improve the index of
lipid metabolism, such as lower total cholesterol and TG, and increase HDL levels, in patients
with PCOS [84]. Some animal studies have shown that Cryptotanshinone can reverse repro-
ductive disturbances by decreasing the levels of SHBG, testosterone, estradiol, and LH, as
well as the LH/FSH ratio, and can improve metabolic disturbances, such as abnormal levels of
LDL-C and FINS by dehydroepiandrosterone (DHEA)-induced PCOS [84, 85].

5.2.3. Coptidis Rhizoma

Coptidis Rhizoma, also called Huang Lian in Chinese, originates from dried roots of Coptis deltoidea
C.y.Cheng et Hsiao. or Coptis chinensis Franch. or Coptis teeta Wall. According to the principles of
TCM, Coptidis Rhizoma can clear heat, eliminate dampness, spill fire, and induce detoxification.
The isoquinoline alkaloid and the major constituent, berberine, are derived from this herb [86]. A
previous randomized study showed that berberine, compared with metformin, could decrease
BMI, lipid parameters, and total FSH requirements, and increase the live birth rate with fewer
gastrointestinal adverse events in patients with PCOS undergoing IVF treatment [87]. Another
earlier randomized study demonstrated that berberine, compared with metformin, could reduce
total cholesterol, TG, LDL-C, WC, and waist-to-hip ratio, as well as elevate HDL-C and SHBG
in patients with PCOS [88]. Coptidis Rhizoma may have potential for the management of PCOS.

6. Acupuncture and moxibustion

As with TCM formulas and single Chinese herbal therapy, acupuncture and moxibus-
tion have also been used to treat clinical manifestations of PCOS for hundreds of years.
Traditionally, acupuncture and moxibustion were performed by inserting needles into
or burning moxa sticks upon specific points (acupoints) on the meridians of the body
surface. Acupuncture and moxibustion work by regulating energy flow, also called Qi
in Chinese, over the meridians. Newer therapeutic methods include electro-acupuncture
(EA), laser-acupuncture, burning moxa granules on the top of the needle, points pasting,
and far-infrared moxibustion.

Clinical effects of acupuncture are mediated by activation of somatic afferent nerves innervating
the skin and muscle, which, via modulation of the activity in the somatic and autonomic nervous
system, may regulate metabolic and endocrine functions in patients with PCOS [89]. One analy-
sis showed that the acupoints of Sanyinjiao (SP 6), Guanyuan (CV 4), Zigong (EX-CA 1), Zhongji
(CV 3), and Qihai (CV 6) are most frequently used in the clinical management of acupuncture
for patients with PCOS [90]. This report also demonstrated the meridians of the main acupoints
are the conception vessel, stomach meridian of the foot-yangming, and the spleen meridian of
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foot-taiyin. The main acupoints are distributed in the lower limbs, lower abdomen, and back
[90]. In the special points, usage of front-mu points, five-shu points, and back-shu points are
more frequently used and the prescription is usually an average of five to seven acupoints [90].

One prospective clinical study investigated responses to 5 weeks of EA in overweight-obese
women with PCOS [91]. The results showed that HbAlclevels and circulating and adipose tissue
androgens were significantly decreased, together with modulation of vagal activity and adipose
tissue sympathetic activity [91]. A systematic review and meta-analysis demonstrated that man-
ual acupuncture (MA) or EA can improve clinical pregnancy rates and ongoing pregnancy rates,
and lower the risk of ovarian hyperstimulation syndrome (OHSS) in women with PCOS under-
going in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) [92]. Another RCT
revealed that serum androgens decreased and menstrual frequency increased after 16 weeks of
EA intervention, while the acne improved after the 16-week follow-up in the EA group com-
pared to the exercise group [93]. The other RCT showed that serum levels of AMH were signifi-
cantly decreased in the EA group compare with the change in the exercise group after 16 weeks
of intervention, but there was no difference in the exercise group and the no intervention group
at 32 weeks follow-up [94]. An earlier RCT found that abdominal acupuncture for obese patients
with PCOS can reduce BMI and WHR and increase menstrual frequency more effectively, and
with fewer adverse effects, than metformin after a 6-month trial [95].

True (EA group) and sham (Park sham device group) acupuncture (EA V.S. Park sham device)
may have similar effects on mean ovulation rates and reproductive endocrine changes, but
the true acupuncture group could show lower fasting insulin and free testosterone levels after
8 weeks of intervention [96]. Another RCT showed that the utilization of acupuncture with
or without clomiphene, compared with control acupuncture and placebo, did not increase
live births in patients with PCOS [97]. A recent systematic review and meta-analysis demon-
strated that acupuncture may be more likely to improve ovulation rates and menstruation
frequency than no acupuncture in patients with PCOS [98]. This report also noted that acu-
puncture could be as an adjunct to medication with regard to LH, LH/FSH ratio, testosterone,
fasting insulin, and pregnancy rates [98]. Another study revealed that there were very few
RCTs have been reported and there was deficient evidence to support the use of acupuncture
for management of ovulation problems in patients with PCOS [99].

7. Conclusions

Traditional Chinese medicine formulas or single herbs have been shown to be effective in
many clinical or animal studies to restore regular menstruation, relieve symptoms, and
improve ovulation dysfunction in patients with PCOS. Acupuncture, both EA and MA, have
the potential to change the local ovarian hyperandrogenic environment and improve repro-
ductive and endocrine metabolic disorders in PCOS. Thus, better outcomes can be achieved
through complementary therapy with TCM for PCOS, expediting and boosting treatment
efficacy, and ultimately leading to decreased medical costs. However, more clear, effective,
and safe evidence for the use of TCM management for PCOS is needed in the future.
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