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Abstract

Background: Polycystic ovarian syndrome (PCQOS) is a frequently occurring metabolic
and reproductive endocrinopathy. Young women with PCOS mainly present with
reproductive problems such as hyperandrogenism (HA), menstrual irregularities, infertility
and chronic anovulation. Infertility increases 10 folds in women with PCOS and affects up
to 40%. PCOS reduces fertility due to associated endocrine, metabolic and gynecological
abnormalities that impact on the quality and function of the ovary. Clinically, PCOS is
characterized by either oligoovulation or anovulation and HA that may cause infertility,
and other related metabolic disorders. The infertile patients with PCOS had statistically
higher occurrence of an ovulatory cycle with oligomenorrhoea, hirsutism and serum
testosterone levels compared to infertile women with normal ovaries.
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Background

Polycystic ovary syndrome (PCOS) is a common cause of female infertility and affects 15—
25% of women, based on the Rotterdam criteria of PCOS. (1, 2)

Ovulation disorders are the cause of infertility in around 25% of couples and PCOS is
the major cause of anovulatory infertility, accounting for approximately 70% of all cases.

3).
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Fig.1- Main PCOS-related factors that may contribute to infertility in women with the
syndrome. (4)
1. Hyperandrogenism:

Hyperandrogenism is the main feature of PCOS. According to the Rotterdam criteria,
PCOS can be defined in the absence of hyperandrogenism. However, many believe that the
occurrence of hyperandrogenism is a must criterion for PCOS that plays an important role
in the pathophysiology of PCOS. Biochemically, hyperandrogenism is defined as a high
testosterone concentration as well as other calculated parameters of androgen excess such
as free testosterone (FT) and free androgen index (FAI). Hyperandrogenism in women with
PCOS manifests clinically as hirsutism, acne, and androgenic alopecia. Other indications
of elevated androgen excess include weight gain, menstrual abnormalities, acanthosis
nigricans, and insulin resistance. (5).

Hirsutism is the appearance of terminal hair on the face and/or body in a masculine
pattern. It is one of the most common symptoms of PCOS hyperandrogenism. In PCOS
women, the prevalence of hirsutism ranges from 60 to 80%. The degree of hirsutism varies
according on the population's ethnicity. Androgens, particularly testosterone, control the
amount and distribution of hair growth. (6).

Ferriman and Gallwey described a visual scoring method to clinically assess the degree of
hirsutism. According to the FG score, hair is scored in nine parts of the body, which include
the upper lip, chin, chest, upper and lower back, upper and lower abdomen, and upper and
lower limbs. A score of 0—4 is given on these nine body parts to determine the extent of
hirsutism, with a score of 0 representing a complete absence of terminal hair and a score
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of 4 represents extensive hair growth. Women with FG score of 8 or higher are regarded
as hirsute. (7)

Acne vulgaris is the second most common symptom of hyperandrogenism. According to
some studies, acne patients with PCOS account for 9.8 - 34% of all acne cases. The
formation of the more potent form of dihydrotestosterone causes abnormal desquamation
of the follicular epithelial cells and increases the production of sebum in the sebaceous
glands. Propionibacterium acnes colonize the buildup of sebum and epithelial debris,
causing acne. (5).

Alopecia Androgenic alopecia, also known as male pattern baldness, is another symptom
of PCOS women's hyperandrogenic condition. Alopecia in PCOS appears to be frequent,
with rates ranging from 3.2 to 34.8 % in various groups. PCOS women have high amounts
of testosterone, which causes hair loss (5).

2. Obesity:

In fact, the risk of PCOS increases as one's weight rises. Obesity or overweight is common
among PCOS women, with 30% to 75% of them being overweight or obese. Increased
abdominal fat is seen in normal weight PCOS women as well, indicating that abdominal
and visceral adipose tissue plays a major role in the development of this condition. Obesity
has an important impact on the severity PCOS particularly in the presence of increased
abdominal fat. The chance to conceive among obese women with PCOS is lower than that
in those with normal weight. Furthermore, obese PCOS women require increase doses of
ovulation-inducing drugs to achieve ovulation. The BMI of all infertile women with PCOS
should be assessed because obesity is linked to anovulation. For PCOS women who are
unable to conceive, weight loss and other lifestyle changes are the first-line therapy. (4)
3. Insulin Resistance:

Insulin resistance (IR) is defined as the inability of exogenous or endogenous insulin to
increase glucose uptake and its utilization. Insulin resistance and hyperandrogenism play a
key role in the pathophysiology of PCOS. In fact, insulin resistance is found in 85% of
PCOS women (75% and 95% for non-obese and obese subjects, respectively). (4)

Insulin resistance and obesity are considered intrinsic to PCOS but neither of them is
included in the guidelines and should therefore be used

For diagnostic purposes. (8).

Insulin resistance, compensatory hyperinsulinemia, and hyperandrogenism are all
phenotypes that female patients with insulin receptor gene mutations have. Despite the fact
that IR and hyperinsulinemia are frequent in PCOS patients, insulin receptor gene
mutations are relatively rare. Women with PCOS have inherent IR, regardless of the degree
of obesity or the size of androgen levels. Even thin women with PCOS develop IR, and a
higher body mass index (BMI) worsens the condition. In comparison to normal-weight
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females, teenage girls with PCOS have peripheral IR, increased liver fat, and muscle
mitochondrial dysfunction. (9).

4. Endometrial Receptivity:

While anovulation is the most evident cause of infertility in women with PCOS,
endometrial receptivity issues may also be a factor. The endometrium is subjected to
unopposed oestrogen stimulation due to ovulatory disorder, resulting in an altered
endometrial milieu. Women with PCOS do have a lower implantation rate and a higher
rate of miscarriage, which has been linked to poor endometrial receptivity. Several studies
have found that women with PCOS have a higher chance of miscarriage (up to 50%). (4)
5. Oocytes and Embryo Quality:

Women with PCOS who receive regulated ovarian stimulation create a

large number of follicles. However, poor oocyte quality has been recorded, resulting in
low fertilisation and implantation rates as well as a greater miscarriage rate. This could be
due to modifications in the intrafollicular microenvironment during folliculogenesis and
follicle maturation, which could affect oocyte competence and embryonic development.
It's linked to a lack of communication between cumulus cells and oocytes, as well as
aberrant paracrine/endocrine factors and metabolic abnormalities. (4,6).

6. Vitamin D:

Vitamin D deficiency was shown to be common in PCOS women (67-85 % against 20-48
% in the general population). Vitamin D levels are linked to hormonal disruption and
metabolic state in women with PCOS. Insulin resistance and metabolic syndrome may both
be exacerbated by vitamin D deficiency and Obesity, by trapping the lipophilic vitamin in
the adipose tissue. There has also been evidence of a link between vitamin D insufficiency
and infertility. Low levels of vitamin D in the follicular fluid have been linked to reduced
implantation and live birth rates in recent research. (10).

¢+ Long term consequences of PCOS

1. Gestational diabetes, and type 2 diabetes:

Gestational diabetes and type 2 diabetes General guidelines recommend. All adults with
PCOS and adolescents with extra risk factors (age >40, BIM>25kg/m2, family history,
Hypertension, High risk ethnicity) should be screened, according to the GDM. Fasting
glucose, HbAlc, or OGTT can be utilised as alternatives to the optimal testing. A75-g
OGTT should be offered in all women with PCOS preconception when planning pregnancy
or seeking fertility treatment, given the high risk of hyperglycaemia and the associated
comorbidities in pregnancy. If not performed preconception, an OGTT should be offered
at < 20 weeks gestation, and all women with PCOS should be offered the test at 24-28
weeks gestation. Frequency of testing should be a minimum of three

yearly informed by additional risk factors. (11).
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2. Menopause life stage:

Postmenopausal persistence of PCOS should be considered a possibility if indications of
hyperandrogenism remain. If there is a past diagnosis of PCOS, along- term history of
irregular menstrual cycles, hyperandrogenism, and/or PCOM during the reproductive
years, a diagnosis of PCOS post menopause could be explored. (12) .

3. Cardiovascular disease:

Women with PCOS have an increased prevalence of coronary artery calcification and
thickened carotid intima media, which may be responsible for subclinical atherosclerosis.
Prospective, long-term cardiovascular-outcome studies in PCOS are needed to assess
whether the increased cardiovascular risk in PCOS results in the higher cardiovascular-
event rates. (13).

4. Endometrial hyperplasia, carcinoma:

Associations between PCOS and endometrial cancer are complex.

Women with PCOS appear to have an increased risk of endometrial cancer consistent with
anovulation and increased prevalence of obesity. Routine screening for endometrial cancer
in PCOS is not recommended, however vigilance and awareness of increased risk is
important. (12) .

5. Breast cancer:

Obesity, hyperandrogenism and infertility are features known to be associated with the
development of breast cancer. However, studies failed to show any significant increase in
the risk of developing breast cancer in women with PCOS. (11).

6. Ovarian cancer:

There has been much debate and concerns about the risk of ovarian cancer in women with
anovulation, particularly because of the extend use of drugs for induction of ovulation to
these patients. Several lines of evidence might suggest that there is a connection between
PCOS and increased risk of ovarian cancer. (14).
7. Obstructive sleep apnea (OSA):

It appears more common in PCOS and obesity. The prevalence of OSA in the adult
population generally varies across cohorts and ranges from 9 -38%. Androgen levels and
insulin resistsnce are positively with Obstructive sleep apnea in PCOS. (12) .
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% Management of Polycystic Ovary Syndrome

.
1.

Lifestyle changes:

Lifestyle changes: promoting weight loss, are the first-line treatment recommended
for women with PCOS. A good diet and regular physical activity are known to aid in
the reduction of IR and hyperandrogenism, as well as the optimization of hormonal
imbalance, lipid profile, and cardiovascular health. According to one study, losing just
5% of one's baseline body weight can restore normal menses and increase sensitivity
to ovulation-inducing and reproductive medicines. (3,11). The reduced glycemic load
by reducing sugar content and more complex carbohydrates, avoid fatty meals plus
thirty minutes per day of brisk exercise is advised to maintain health (15). The British
Fertility Society guidance suggests that treatment should be deferred until BMI less
than 35Kg/m2. (16).

Bariatric surgery is the most effective way for weight loss. It attenuates PCOS's
associated clinical symptomatology, such as menstrual irregularity, hirsutism, and,
possibly infertility. In patients trying to conceive after bariatric surgery, one meta-
analysis reported up to 58% spontaneous conception rates, bariatric surgery could be
considered in women with PCOS, who have a BMI > 35 kg/m, and who remain
infertile. (3).

Pharmacological treatment for non-fertility indications:

Combined contraceptives:

First-line medical therapy usually consists of an oral contraceptive to induce regular
menses. The COC not only inhibits ovarian androgen production but also increases sex
hormone-binding globulin, decreasing androgen bioavailability, COC reduce terminal hair
growth, although many patients still require concomitant mechanical hair removal. (17).
The effects of COCPs on menstrual cycle, hirsutism, weight loss, waist/hip ratio,
testosterone concentrations, lipid profile and blood sugar levels are variably reported and
depend on type of COCP used, duration of use. COCPs come in a variety of combinations,
as well as oestrogen and progestin formulations with different pharmacological and clinical
effects. (12) .

The progestin, present in oral contraceptives, has a protective effect on

the endometrium. It has been proven that decrease the risk of endometrial cancer. (18).
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2. Metformin:

Metformin is a low-cost, generally available medicine that has been widely utilised as an
insulin sensitizer in DM2 and PCOS for over seven decades. Insulin resistance has been
shown in 75% of lean women and 95% of overweight women in clamp studies, and
addressing this has been the driving force behind the use of metformin in PCOS (12) .

3. . Anti-androgen pharmacological agents:

Hirsutism, acne, and androgen-related alopecia are the most prevalent androgen-related
symptoms of PCOS. Cosmetic and COCP therapy are the first-line therapies for female
hirsutism, including PCOS. There are few studies on the use of anti-androgen
pharmacological drugs in the treatment of PCOS. (6).

4. Inositol:

Inositol (myo-inositol and di-chiro inositol) is a nutritional supplement that acts as a second
messenger and has been shown to play a role in insulin signaling transduction. Previous
studies have focused on insulin resistance and hormonal profiles and gestational diabetes
in women with PCOS. Currently, given the lack of evidence, international guidelines
recommend that inositol should be considered an experimental therapy in PCOS. (6).
1. Assessment and treatment of infertility

1.  Drug Therapy for anovulation:

s Letrozole

An alternative first line therapy to stimulate ovulation could be letrozole (15). Aromatase
inhibitors (Al) are effective as ovulation-inducing agents, including letrozole and
anastrozole, with letrozole being the most widely used. (6).

Letrozole inhibit aromatase enzyme which decrease the aromatization of androgens to
estrogens that in turn release the hypo thalamic pituitary axis from negative feedback of
estrogen. Adverse effects on the endometrium and cervical mucus are less than with
Clomiphene citrate (CC) and reports a good pregnancy rate. (3).

¢ Clomiphene citrate

Clomiphene citrate (CC) is a selective oestrogen receptor modulator with both oestrogenic
and anti-oestrogenic properties. It was first approved for use in women with anovulation
in 1967 and acts as an anti-oestrogen. Due to the anti-oestrogenic effects of CC on the
endometrium and cervical mucus, there is a contradiction between good ovulation rates
and reduced pregnancy rates. The chances of having twins or triplets with CC are 5-7%
and 0.3 0%, respectively, whereas the chance of having OHSS is less than 1%. With 12
cycles or more, there is a slight increase in the risk of ovarian tumors. (6).

Current evidence-based guidelines propose the use of CC, as a second-line therapy, in
women with PCOS with anovulatory infertility and no other infertility factors to improve
ovulation and pregnancy rates. (3).
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¢ Gonadotrophins

Gonadotrophin therapy is suitable for improving infertility in women with PCOS in
specialist care. Gonadotropin therapy provides better per cycle and cumulative pregnancy
and live birth rates compared with the use of oral anti-oestrogens and or no therapy in
anovulatory women with PCOS; and there is no evidence of teratogenicity. It is important
to note that gonadotrophin therapy requires daily injections and the need for intensive
monitoring with ultrasound; with a risk of multiple pregnancy and increased cost of
medication compared with oral agents. (12) .

In PCOS patients, gonadotropins are associated with a higher risk of OHSS and multiple
pregnancies so they should only be used by clinicians having the requisite training and
experience To prevent hyperstimulation and minimize multifollicular development, low-
dose step-up or a step- down protocols are preferred .In the low-dose step-up protocol, low
initial doses of gonadotropins are used, after a menses, starting with 37.5 to 75 1U/d, and
increasing in small increments 25 to 37.5 IU after 7 days or more if no follicle >10 mm has
developed. Ultrasonography provides measurement of follicular development and
generally should be performed after the first 4 to 5 days of treatment and at subsequent
intervals of 1 to 3 days according to response. Although 7 to 12 total days of treatment is
typical, longer durations of treatment may be required. (19).

2. Laparoscopic ovarian drilling:

In last years, the rapidly expanding field of operative laparoscopy has led to a renewed
interest for surgical treatment for PCOS. Several methods of laparoscopic treatment have
been studied, including biopsy, electro-cautery and laser treatment. (20).

For women with anovulatory infertility who are resistant to pharmacological treatment, a
minimally invasive surgical approach, laparoscopic ovarian drilling (LOD), may be an
option for ovulation induction. (21).

3. Vitamin D:

The prevalence of vitamin D insufficiency or deficiency in reproductive age women is 45%
to 90%. PCOS and vitamin D deficiency are both associated with IR. A study found that
vitamin D deficiency in women with PCOS who underwent ovarian stimulation for the
treatment of infertility was associated with significantly diminished rates of ovulation, of
pregnancy, and ultimately a reduced chance of live birth. (10). Vitamin D supplementation
may be recommended as a potential therapeutic adjunct for the ovulatory dysfunction and

metabolic disorders observed in women with PCOS. (12) .

4. Assisted reproductive technologies (ART):
ART, mainly in vitro fertilization (IVF), intracytoplasmic sperm injection (ICSI) and in
vitro maturation (IVM), have a role in PCOS after failure to respond to pharmacological
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ovulation induction or if there are other indications such as tubal damage or male factor
infertility. (12) .

Women with anovulatory infertility secondary to PCOS should first be treated by ovulation
induction and only then proceed to IVF if a pregnancy does not result despite repeated
ovulation. IVF is considered as the third-line management for PCOS. when first- and
second-line agents have not been successful in achieving a pregnancy or when there are
additional causes of infertility such as pathology of the fallopian tubes or sperm
abnormalities in the woman’s partner. The presence of polycystic ovaries is a major risk
factor for developing ovarian hyperstimulation syndrome (OHSS) and so care is required
when planning the stimulation regimen .(22) .

Patient with PCOS related Infertility

LIFESTYLE CHANGES
Ay diet and regular physical activity

OVULATION INDUCTION

Sl CLOMIPHENE CITRATE GONADOTROPINS.
okl s HCOND-LING THIRD-NE

Figure 2; proposed management of polycystic ovary syndrome related infertility (3).

The fact that ovarian hyperstimulation is not required means that In vitro maturation(I\VM)
Is especially suited to patients with PCOS, who are at increased risk of exaggerated ovarian
response, including OHSS, ovarian torsion, and thromboembolism associated with high
estradiol levels In addition, because the reduced ability of immature oocytes retrieved from
mid-antral follicles to resume meiosis and progress to the metaphase Il stage is a limiting
factor of the clinical efficiency of IVM the higher antral follicle count in women with
PCOS makes them particularly suitable candidates for IVM. This is shown by higher IVM
success rates in women with PCOS compared with normo-ovulatory women. (23).
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