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ABSTRACT

Polycystic ovarian syndrome (PCOS) is an endocrine disorder that commonly affects women of reproductive age. Its
prevalence varies quite significantly and its clinical presentation includes: reproductive, metabolic and psychological
issues. PCOS develops due to a variety of factors some of which are not yet fully understood. Due to the complexity
in the development and presentation of this condition, the management of PCOS in most instances is complicated and
involves the combination of pharmacological, non-pharmacological and surgical interventions. This review discusses
the pathogenesis and management of PCOS as means of providing information that would enhance understanding and

control of this disease.
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INTRODUCTION

PCOS is considered one of the most common endocrine
disorders affecting women of reproductive age'?
Although the aetiology of this condition is unknown, the
prevalence of PCOS has been proven to vary quite widely
ranging from as low as 2.2% to as high as 26%.3 The
clinical presentations of this disease are quite variable
and include: reproductive problems such as infertility,
metabolic manifestations such as type Il diabetes mellitus
(T2DM) and psychological issues such as depression.*

Research into the pathophysiology of this condition has
led to significant discoveries regarding PCOS, some of
which have brought to light the importance of insulin
resistance and obesity as part of the presentation of the
syndrome.>® This knowledge is important as it directs
clinicians to not only focus on managing the common
manifestations of PCOS, such as infertility and
hyperandrogenemia, but to also take into consideration
the metabolic abnormalities that may present as part of

this disease. As it relates to the pathogenesis of PCOS,
different theories have been proposed for its
development. PCOS is considered multifactorial and
evidence suggests that it potentially develops due to
various factors which may be genetic or environmental in
nature.”®

Despite the wealth of knowledge already acquired on this
condition, much research is still required into its
pathogenesis and aetiology. In addition, with the general
effects that PCOS has on the body (reproductive,
metabolic and psychological) physicians may often
struggle to successfully control the clinical manifestations
and associated features of the syndrome.

Therefore, this review serves to further investigate the
pathogenesis and management of PCOS as means of
providing clinicians with the necessary information
needed to not only understand this disease but to also
effectively manage and control its presentation.
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TYPES OF PCOS

Takai et al described PCOS based on androgenic
function. Their study identified three types of PCOS:®

Type 1: Characterized by an absence of features of
hirsutism and no increase in androgen levels
(androstenedione and or testosterone)

Type 2: Characterized by an absence of features of
hirsutism with elevated levels of androgens.

Type 3: Characterized by both features of hirsutism and
elevated blood levels of androgens.

DIAGNOSTIC CRITERIA FOR PCOS

A series of criteria has been developed for use in the
diagnosis of PCOS. In1990, at a conference on PCOS
sponsored by The National Institutes of Health/National
Institute of Child Health and Human Development (NIH/
NICHHD), the following criteria, with features presented
in order of importance, were developed for the diagnosis
of PCOS: a) high levels of androgens manifested
clinically or biochemically, b) prolonged anovulation and
c¢) the elimination of other similar conditions such as
thyroid diseases or hyperprolactinemia.%

In 2003, another conference, which was sponsored by
two bodies, the American Society for Reproductive
Medicine and the FEuropean Society for Human
reproduction and Embryology, was held in Rotterdam,
Netherlands. During this conference, the following three
features were identified as part of the diagnostic criteria
for PCOS: a) oligoovulation or anovulation, b) increased
levels of androgens manifested clinically or
biochemically and c) polycystic ovaries (PCOs) detected
upon ultrasound examination. After the successful
exclusion of other similar disorders, the Rotterdam
criteria require the presence of at least two out these three
features for the accurate diagnosis of PCOS.*2 The
Rotterdam criteria added two diagnostic features to the
NIH criteria: a) the presence of PCOs with an increased
androgen production in the absence of ovulatory
problems and b) the presence of PCOs with ovulatory
problems in the absence of an increased production of
androgens.®

In 2006 further reviews led to the amendment of the
diagnostic criteria for PCOS by a board of experts from
The Androgen Excess Society (AES). The AES
recommended that the presence of excess androgens be
given great attention as a critical feature for diagnosing
PCOS. According to the AES criteria, in order for a
diagnosis of PCOS to be given, the following features are
required: a) hyperandrogenism detected clinically or
biochemically, combined with b) irregular ovulation
and/or the presence of PCOs.%*

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

Table 1: Summary of diagnostic criteria for polycystic
ovarian syndrome.

Year of

Features
development

Criteria

Excess androgen
production and chronic
anovulation

Excess androgen
production, chronic
anovulation and
Polycystic ovaries on
ultrasound examination
NB: Requires the
presence of at least two
of these features for
diagnosis

Excess androgen
production, irregular
ovulation and/or
polycystic ovaries on
ultrasound examination
NIH/NICHHD- The National Institutes of Health/ National
Institute of Child Health and Human Development, AES- The
Androgen Excess Society

NIH/NICHHLC 1990

Rotterdam 2003

AES 2006

Pathogenesis

PCOS is considered a multifactorial condition which may
develop due to different genetic or environment causes.
The following identifies hormonal, neuroendocrine,
genetic and developmental factors that may contribute to
the development of this syndrome.

Hormonal factors

The role of Anti-Mullerian hormone (AMH) in the
development of PCOS has been investigated extensively.
This hormone is normally produced in the male foetus
where it supports the degeneration of the mullerian duct.
In females, it is produced by ovarian granulosa cells.®

In the ovaries, AMH renders the developing follicles less
sensitive to follicle stimulating hormone (FSH). It also
interferes with the normal functioning of the ovaries and
the enzyme aromatase; therefore, inhibiting the initiation
of the primordial follicle. In a study carried out by
Durlinger et al to investigate the effects of AMH on the
recruitment of primordial follicles, ovaries from 2 day old
mice were harvested and cultured. After culturing these
ovaries for 2 to 4 days, it was observed that there was a
decrease in the number of growing follicles in ovaries
that were exposed to AMH as compared to the control.
Therefore, this demonstrated that AMH may have the
ability to directly affect developing primordial follicles.

Another study was carried out by Durlinger et al to
examine the effects that AMH has on the ovaries. In this
study the entire ovarian population of three categories of
mice were examined: 1) AMH (+/+) (wild-type) 2) AMH
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(=/-) (AMH null) and 3) AMH (+/-) (heterozygous
AMH null mutation) mice. Ovaries used in this study
were harvested from females that were 25-days, 4-
months, and 13-months old. Comparison of the three
identified groups demonstrated that the total population
of primordial ovarian follicles decreased with age across
the three groups. In addition, it was observed that the rate
of decrease was more rapid among the AMH (—/—) group
as compared to the AMH (+/+) group of mice.'” The
latter observation demonstrates that in the absence of
AMH more primordial follicles were recruited for growth
and development and thus reveal the negative effects that
the presence of AMH may have on the recruitment of
primordial follicles for development.

In addition to AMH, insulin is another hormone that is
thought to contribute significantly to the development of
PCOS. 44-70% of individuals suffering from PCOS
experience some degree of insulin resistance and
abnormal blood glucose levels.®® The insulin resistance
that presents with PCOS is a major contributor to its
pathogenesis. Insulin resistance leads to high levels of
blood insulin and glucose in addition to exaggerated
oxidative stress; factors which cumulatively contribute to
the development of the major features observed in PCOS.

To this point, it is not yet fully understood exactly how
insulin impairment contributes to the manifestation of the
syndrome; however it is believed that insulin dysfunction
contributes to abnormal insulin signalling or impairment
in the normal functioning of insulin receptors. This in
turn results in hyperinsulinemia and reduced hepatic
clearance of insulin from the blood.*® It is postulated that
hyperinsulinemia also plays an important role in the
pathogenesis of PCOS by stimulating ovarian cells to
increase their production of testosterone or by decreasing
the levels of sex hormone binding proteins (SHBP) in the
blood.

In addition, insulin has the potential to influence
gonadotropin  levels through its effects on the
hypothalamus and pituitary gland.  Furthermore,
hyperinsulinemia influences the adrenal gland to augment
adrenocorticotropic hormone (ACTH) driven androgen
production.?

Insulin works along with gonadotropins in stimulating
ovarian granulosa cells to produce steroids. It is also
observed that in the presence of elevated insulin levels,
granulosa cells become more sensitive to luteinizing
hormone (LH); a phenomenon which is thought to be
responsible for the anovulation observed in PCOS.2 It is
demonstrated that follicles harvested from normal ovaries
only respond to the gonadotropin LH when the follicles
obtain an optimal size of about 10 mm. However, on the
other hand, follicles harvested from the ovaries of PCOS
individuals respond to LH at much smaller sizes (as small
as 4.5 mm). This difference in response to LH may be
due to the presence of elevated blood insulin levels
observed in PCOS patients.?
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Neuroendocrine factors

Studies into the relationship between AMH and the
development of PCOS show that PCOS patients exhibit a
significantly higher level of AMH as compared to control
groups.2®?*  An in-vivo study was carried out to
demonstrate the effects of AMH on LH secretion through
recruitment of the hypothalamic neurons that release
gonadotropin releasing hormone (GnRh). It was
demonstrated that AMH increases LH levels by binding
to AMH receptors found on GnRh neurons in the
hypothalamus.? In patients with PCOS, AMH inhibits
FSH release while it induces an increase in LH secretion.
LH levels are therefore significantly increased with a
typical increase in the LH: FSH ratio, a finding which is a
classical feature of PCOS.%

Genetic factors

Research evidence suggests a genetic arm to the
development of PCOS.?” Twin studies demonstrate that
this condition is highly hereditable with a stronger
correlation of the condition being observed amongst
monozygotic twins as compared to dizygotic twins.?®
Furthermore, studies have also attempted to assign
autosomal dominant and x-linked modes of inheritance
for this condition; however, due to limitations in study
designs, selection methods and the categorization of the
features of the syndrome, results obtained in this regard
are majorly inconclusive.?®-3!

A procedure called the transmission disequilibrium test
(TDT) has been applied with success in identifying
potential genetic defects that may be associated with
certain features of PCOS. TDT is used to determine and
link the transmission of susceptible genes from parents to
offsprings.3 With the use of this test, a defect linked to
the  reproductive  phenotype (hyperandrogenemia)
observed in PCOS patients was identified on
Chromosome 19p 13.2 (dinucleotide repeat D19S884). A
case-control study which investigated 85 Caucasian
females with PCOS showed a relationship between the
D19S884 genetic defect and PCOS.*® However, two
larger case control studies, which investigated this
association in Caucasian females of European decent,
both failed to further demonstrate an association between
this identified genetic defect and PCOS.34%

The fibrillin-3 gene has also been identified for the role
that it may play in the pathogenesis of PCOS.%
Observation of both polycystic and non-polycystic
ovaries shows that PCOs demonstrate a marked reduction
in their expression of fibrillin-3 in stromal cells
immediately surrounding follicles maturing from
primordial to primary follicles; a phase of follicular
development which is usually affected in PCOS.*®

Developmental factors

Fetal programming is another factor that has been
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postulated as a major contributor to the pathogenesis of
PCOS.¥ Prenatal exposure to excessive androgens and
restricted intrauterine growth has both been identified for
the role that they may play in this phenomenon.

Prenatal exposure to excess androgens

Studies on rhesus monkeys demonstrated that female off-
springs, exposed to excess androgens prenatally, exhibit
reproductive and metabolic features of PCOS during
adolescent periods of their development.®8% In humans, it
is theorized that females exposed to elevated levels of
androgens at any point starting from the beginning of
fetal ovarian development to the commencement of
puberty are predisposed to developing reproductive and
metabolic features of PCOS.**# However, further
research is required to fully understand the role that
prenatal exposure to excess androgens may play in the
development of PCOS in humans as previous evidence
shows contrary results.*?

Restricted intrauterine growth
It has been proposed that restricted intrauterine growth

resulting in low birth weight predisposes girls to
developing features of PCOS during puberty.4344

However, further research is required to fully understand
this effect in humans as research has yielded inconclusive
or opposing results in this regard.*>6

MANAGEMENT

The management of PCOS can be broken down into three
major categories: non-pharmacological, pharmacological
and surgical approaches. The treatment of PCOS is
designed to provide long term protection for patients and
to prevent the development of associated complications
such as diabetes, depression or anxiety. It is also
important in preventing major issues of infertility and
malignancies*’. The treatment regimen selected for PCOS
is highly dependent on the signs and symptoms that are
present and it can be adapted to match the individual’s
needs and circumstances. While developing a treatment
plan for managing this condition, it is important to bear in
mind that insulin resistance is viewed as the most
common pathogenic factor that contributes to the major
metabolic disturbances observed in this syndrome.
Insulin resistance is observed in about 75% of individuals
suffering from PCOS and 70-95% of PCOS patients are
obese while 30-75% are lean.”® Tables 2, 3 and 4
highlights the treatment options and recommendations for
treating the manifestations of PCOS.

Table 2: Highlighting the targets and the benefits of different treatment methods used in PCOS.

Target Benefits

Hyperinsulinemia
Non-pharmacological Hyperandrogenemia

Hyperglycemia

Infertility

Obesity

Pharmacological

Surgical

NON-PHARMACOLOGICAL

Lifestyle modifications such as diet and exercises are
natural methods that play pivotal roles in the management
of PCOS. It is observed that lifestyle interventions have
the potential to improve infertility issues and metabolic
disturbances. It is also implied that lifestyle modifications
can possibly reduce future risks for developing diabetes
and cardiovascular diseases.*® All these benefits are
derived from a general improvement in the state of
insulin resistance that is usually observed with the
application of lifestyle changes. Lifestyle modifications
are considered as part of the first-line therapy for PCOS.
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Hirsutism related to hyperandrogenemia
Anovulation\menstrual dysfunction and infertility

Blood androgens and testosterone levels

Weight loss

Improves metabolic (hyperglycemia)
and reproductive issues

Improves ovulation

Reduces anxiety and depression
Improves self-esteem

Improves ovulation and menstruation
Improves fertility

Improves metabolic abnormalities
Improves hirsutism and acne
Improves acne and hirsutism
Improves menstruation

Improves ovulation

Improves fertility

Since the prevalence of obesity is quite alarming in
women suffering from PCOS, weight reduction is given
high priority during treatment. Weight loss in PCOS
patients has been associated with observed improvements
in metabolic and reproduction issues.**>* Evidence
reveals that weight reduction by as little as 5%,
potentially improves ovulation cycles and restores normal
menstruration.5?

The use of exercise regimens such as Hiit and steady
training are shown to improve insulin sensitivity.5
Physical activities may also have some benefits on
psychological manifestations as it helps to improve states
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of depression and anxiety. Weight loss resulting from
exercises also positively impacts perceptions of body
image which in turn helps to improve self-esteem.5:54

Blood glucose levels stimulate pancreatic beta-cells to
produce insulin and are normally affected by
carbohydrate consumption. Since impaired blood glucose
regulation and insulin resistance are commonly seen in
PCOS patients, diet control is also an important factor to
consider in the management of the disease. PCOS
patients should consume diets low in carbohydrates.
Examples of low carbohydrate diets (LCD) include: 1)
ketogenic diet (daily carbohydrate intake is less than 30g,
or a total of 5% of daily energy intake, and 2)
mediterranean diet (involves the consumption of a variety
of fruits and vegetables including nuts and seeds; also
requires minimal intake of dairy products and red meat).%
LCD diets have been shown to improve reproductive and
metabolic problems in PCOS patients. In addition, they
improve the symptoms that are related to
hyperandrogenemia. They also aid in reducing blood
glucose and insulin levels in addition to increasing
plasma levels of FSH and SHBG. Increased circulation of
FSH and SHBG reduce testosterone levels and also help
to reverse the hypothalamic-hypophyseal dysfunction that
is normally responsible for the fertility issues seen in
PCOS.%

Furthermore, the use of supplements has also been
recommended for treating PCOS. Since different
nutrients potentially regulate insulin signalling pathways
and the synthesis of androgens, their deficiency may be
linked to the development of some common
complications of PCOS.%” Therefore, the use of
supplements in the form of vitamins or minerals may be
used to complement the treatment of PCOS.%? Vitamins
such as vitamins A,B,D,E or inositol has antioxidant
properties which have several potential benefits
including: 1) help in oocyte maturation, 2) decrease
cardiovascular risk factors, 3) improve menstruation, 4)
improve fertility, 5) improve endometrial lining
thickness, and 6) reduce androgen levels. Minerals such
as calcium, chromium and zinc, may also contribute to
improvements in ovulatory cycles, menstruation, and
metabolic profiles in patients diagnosed with PCOS.%’

Another method that is observed for its effectiveness in
the management of PCOS is fasting or intermittent
fasting. During periods of fasting, blood glucose levels
are low which in turn lowers blood insulin levels. Fasting
combined with dietary and other lifestyle modifications
have proven quite effective in lowering blood insulin
levels, promoting weight loss, improving skin conditions
and increasing ovulation.%

Table 3: Summarizing the treatment methods available for treating polycystic ovarian syndrome.

pharmacological

Pharmacological

Lifestyle modification
Diet 1) Estro-progestins pills

Exercise

Dietary supplements

Vitamins A, B, D, E or inositol
Spironolactone
Flutamide

Hirsutism and hyperandrogenemia

Oral contraceptives combining oestrogen and progestin
2) Anti-androgens
Androgen receptor blockers

Alpha reductase inhibitors

Finasteride

3) Insulin-sensitizing agents LOD

Biguanides-metformin

. . . . TZDs
Minerals: calcium, chromium, zinc

MPA
Metformin

Ovarian\menstrual dysfunction and infertility

GLP-1 receptor agonists

CC
Gonadotropins
Letrozole

GLP-1- Glucagon-like peptide-1, CC- Clomiphene Citrate, TZDs- Thiazolidinedones, LOD- Laparoscopic Drilling, MPA-

Medroxyprogesterone acetate

PHARMACOLOGICAL APPROACHES

When weight loss seems difficult or in instances where
PCOS patients are of normal body weight or are
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underweight, the use of various pharmacological agents
may prove helpful in treating the disease.
Pharmacological agents mainly target the symptoms and
complications of PCOS such as hirsutism related to
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hyperandrogenemia and anovulation\menstrual

dysfunction and infertility.
Hirsutism and hyperandrogenemia

In cases where hirsutism is mild or localized, simple
cosmetic measures may be sufficient for management and
control. However, in instances where hirsutism is
moderate or severe, pharmacological intervention
becomes imperative.  Treatment options usually
preferentially target hyperandrogenemia, since excess
androgen production is the main influencing factor for the
development of hirsutism. In the presence of
hyperandrogenemia, estro-progestins or anti-androgens
are used as mono-therapy or in combination with
ethinylestradiol. If required, insulin sensitizers such as
metformin are also included as part of the treatment
regimen.®

Oral contraceptive pills (OCPs) that combine oestrogen
with progestin are the primary option employed when
managing hirsutism and acne in PCOS.®° Progestin
potentially suppresses LH levels, which results in
decreased androgen production from the ovaries.
Oestrogen, on the other hand, increases SHBG, thus
reducing the levels of free androgens in the blood.5!
These pharmacological options are excellent choices for
controlling hirsutism in PCOS as they are inexpensive,
safe and are very effective in controlling acne and
hyperandrogenemia.®® Anti-androgens can also be
successfully used for managing hirsutism and
hyperandrogenemia when oestrogen-progestin
combinations seem ineffective. Drugs that are currently
used to counteract the effects of androgens in the blood
include androgen  receptor  blockers such as
spironolactone and flutamide, and 5a-reductase inhibitors
such as finasteride.>® These classes of pharmacological
agents work by reducing the effects or the levels of
androgen in the blood and they have the added benefit of
regulating blood lipid levels.?® Flutamide, though
effective, potentially impairs liver function and should be
used with caution or administered at lower doses when
used for the management of PCOS in teenagers and
adults. In general, anti-androgens can cause abnormal
development in male foetuses; therefore, with their use,
contraception is recommended.®*® The combination of
anti-androgens with oestrogen-progestin pills is proven
more effective in successfully treating hirsutism as
compared to the use of oestrogen-progestin pills alone.5!

Insulin-sensitizing agents may also be used as part of the
treatment regimen; however, their use is still questionable
as evidence shows that their effects on
hyperandrogenemia and hirsutism are only moderate.®
Medications that may be considered as insulin-sensitizers
include biguanides (metformin) and thiazolidinediones
(TZDs). Metformin can potentially ~ control
hyperinsulinemia and therefore, decrease insulin-
stimulated androgen production by the ovaries. The use
of TZDs in the treatment of hyperandrogenemia and
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hirsutism in PCOS may be limited as its use potentially
supports weight gain.5!

Management of ovarian\menstrual dysfunction and
infertility

Ovarian dysfunction and chronic anovulation are
common in PCOS npatients and are due to
hyperinsulinemia, hyperandrogenemia and obesity that
are usually present as part of the syndrome. Anovulation
is primarily responsible for observed infertility and
reproductive issues; therefore, if ovulation is successfully
restored fertility issues would also be resolved. With this
in mind, the main aim when treating fertility problems in
PCOS women is to achieve mono-follicular
development.6263

In PCOS patients there is hormonal dysregulation in the
hypothalamic-pituitary-gonadal (HPG) axis, causing
increased blood levels of androgens and oestrogen in
addition to increased LH and decreased FSH levels.
These effects lead to abnormal menstruation and
amenorrhea (observed in 75% to 85% of PCOS
patients).>® The use of medication in the management of
ovarian dysfunction in PCOS should only be employed
after the patient is fully educated on the risks and benefits
that may accompany this method of treatment.
Traditionally, OCPs are wused in the long-term
management of PCOS. OCPs prevent overgrowth of the
endometrium and therefore, protect patients against
cancers. OCPs are often used as they help to regulate
menstrual cycles and improve co-morbidities by
decreasing plasma levels of LH thus reducing
hyperandrogenemia.*® It is important to note that the use
of OCPs is not recommended in patients who smoke, has
a history of breast cancer or in patients with a significant
family history for heart diseases.®

The following medications may prove helpful in the
management of ovarian/menstrual dysfunction and
infertility in PCOS.

Medroxyprogesterone acetate

Medroxyprogesterone acetate (MPA) is a progestin or
female hormone that potentially regulates ovulation and
menstruation. This pharmacological agent can be applied
to the management of various conditions which may
include: amenorrhea or dysfunctional uterine bleeding. It
can also be used to prevent endometrial overgrowth and
therefore, reduces the risk for developing uterine cancers.
MPA also has the added benefits of promoting insulin
sensitivity and improving blood lipid profiles in PCOS
patients.%® It can also be used in PCOS women to avoid
pregnancies.

Metformin

Women who are diagnosed with PCOS face an increased
risk for developing diabetes mellitus (DM) and usually
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have elevated insulin levels. Insulin resistance is quite
common in PCOS patients and it contributes significantly
to the ovulatory abnormalities that are often present.
Metformin can be used in PCOS women to reduce the
risk of diabetes or to treat diabetes if it has already
developed. Metformin is an insulin sensitizing agent and
it therefore, promotes insulin sensitivity, thus decreasing
blood insulin levels. This in turn suppresses insulin
stimulated androgen production from the ovaries,
potentially supporting menstruation.®* It is often used in
women who have difficulties achieving weight loss. It is
also used as an add-on therapy in women who experience
menstrual irregularities or women who are unable to use
estro-progestinics. This medication may also be
prescribed particularly in instances where there are
impaired glucose tolerance (IGT).%®

The use of metformin can also contribute to improvement
in fertility in PCOS women. Metformin regulates the
levels of reproductive hormones in the blood and
therefore helps in restoring ovulation. In addition,
metformin may also induce weight loss in PCOS women
in whom infertility drugs are used to achieve ovulation.®
Metformin helps to improve fertility rates in PCOS
women who experience fertility issues.*®® This is achieved
through an induced reduction in blood insulin levels, thus
causing normal release of GnRH and gonadotropins.
Evidence suggests that prescribing metformin prior to the
introduction of infertility drugs or the attempt of in-vitro
fertilization, increases the rates of ovulation and
successful pregnancies. Despite the promising effects of
the use of metformin on fertility, its clinical effects may
become evident following weeks of treatment as the onset
of this drug is gradual and slow.®®

The use of metformin is associated with a myriad of side
effects (nausea, diarrhoea, abdominal pain, bloating);
therefore, its use is often substituted by other insulin
sensitizers. Evidence suggests that treatment with TZDs
is effective in PCOS patients and TZDs are prescribed as
second-line management options in PCOS patients who
are overweight or exhibit insulin resistance.”

Glucagon-like peptide-1 (GLP-1) receptor agonists

Glucagon-like peptide-1 (GLP-1) receptor agonists is a
novel class of drug proven effective in the management
of T2DM. In addition to lowering blood glucose levels,
GLP-1 receptor agonists also reduces body weight and
promotes insulin sensitivity. Additionally, in PCOS
patients who are obese or overweight, this drug class
improves menstruation and suppresses blood levels of
androgen. Combination therapies of GLP-1 receptor
agonists and metformin are potentially more effective
than their mono-therapy in the management of metabolic
and reproductive abnormalities of PCOS; however,
further studies are pending to determine the full effects of
combination therapy with these agents.5!
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Clomiphene citrate

Clomiphene Citrate (CC) provides a simple and cost
effective way of promoting ovulation in PCOS women. It
is described as a weak oestrogen-like hormone. This drug
exhibits its effects on endocrine glands (hypothalamus,
pituitary and ovaries), thus increasing the plasma levels
of LH and FSH. This is achieved through the potential of
CC to prevent the binding of estradiol to receptors in
these major glands therefore, eliminating the negative
feedback loop for endogenous oestrogens and estradiol.>
By inhibiting the negative feedback loop between the
ovaries, pituitary gland and the hypothalamus, CC
directly induces ovulation and thus directly target
infertility issues that are observed in PCOS. Evidence
reveals that the use of CC is associated with ovulation
rates of about 60%-85% and pregnancy rates of about
(30%-50%) following six ovulatory cycles.5®

CC is considered the first-line treatment option for the
complication of infertility in PCOS. Increased FSH levels
increases the chance for ovum maturation and ovulation.
CC exhibits the potential to induce mono-follicular
development and carries a low possibility for causing
multiple pregnancies (2 to 13%).5°

The use of this drug is associated with side effects such
as ovarian hyper-stimulation syndrome (OHSS), bloating,
ovarian enlargement, hot flashes and multiple
pregnancies.” If following six months of treatment
women are non-responsive to CC, then CC resistance is
present. In instances like these, a second pharmacological
agent is added or second-line therapy is required.
Metformin is the most recommended add on therapy
when resistance occurs and the combination of metformin
with CC in the presence of CC resistance increases the
rates of ovulation and successful pregnancies.7

Gonadotropins

In PCOS patients who are not responsive to metformin or
clomiphene, Human menopausal gonadotropin (HMG)
daily  injections  serve  excellent alternatives.
Gonadotropins (LH and FSH) are hormones naturally
produced by the pituitary gland. These hormones promote
follicle maturation and owvulation. The wuse of
gonadotropins in the treatment of ovulatory dysfunctions
in PCOS may vyield greater effects than the use of
clomiphene. Despite this fact, CC is favoured as first-line
therapy in the management of infertility issues in PCOS
as it is easier to administer and is more cost effective as
compared to the use of gonadotropins. Since FSH
promotes follicular growth, its use, as part of therapy,
may result in multiple pregnhancies or OHSS due to an
over response of the ovaries to the hormone.®® These risks
factors are controlled through the co-administration of
gonadotropins with letrozole as the use of letrozole
reduces the length of stimulation and amount of
gonadotropins required for a desired effect.”
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Letrozole

Letrozole prevents the conversion of androgens to
oestrogen. As a result, when utilized in the management
of PCOS, letrozole directly addresses fertility
complications through its potential to inhibit the negative
feedback loop between the ovaries, hypothalamus and
pituitary gland. The mechanism of action of this drug
promotes a rise in the plasma levels of FSH which in turn
induces follicle development, maturation and ovulation.
Letrozole is more effective than CC in addressing fertility
abnormalities of PCOS as it is associated with improved
gestational outcomes and greater events of live births.
Even though the World Health Organization (WHO)
supports the use of letrozole as first-line treatment for
ovulation induction and some guidelines propose
letrozole as an alternative to clomiphene, more research
on safety and efficacy is required due to concerns risen
regarding congenital malfunctions associated with the use
of letrozole.™

SURGICAL APPROACH

The use of surgical interventions aids to decrease the
plasma levels of LH and testosterone. This in turn
promotes the successful restoration of normal, regular
menstruation in addition to controlling symptoms of acne

and hirsutism. Surgical methods directly destroy parts of
the ovaries (follicles and surrounding stroma), therefore,
reducing the amount of androgens that are available for
conversion through aromatization. This induces an
increased secretion of FSH, thus supporting follicular
development, maturation and ovulation.”

Laparoscopic drilling (LOD) is the surgical method that
is now preferred over laparotomy and ovarian wedge
surgeries. This procedure can be utilized in patients who
are resistant to CC. It carries many advantages which
include: 1) helps to decrease potential risks for
developing OHSS, 2) promotes mono-ovulation, 3)
supports higher pregnancy rates, 4) reduces length of
time to pregnancy and 5) decreases the need for ovulation
promoting drugs.”> Studies demonstrate that the
performance of LOD on one ovary or both ovaries shows
no major differences in outcomes. However, unilateral
interventions are deemed more appropriate in reducing
the occurrence of adverse effects. As with all surgical
procedures, LOD may be associated with intra and post-
operative complications. Bleeding and infections may
occur. In addition, during LOD, if the ovaries are
extensively damaged, the woman may enter menopause
prematurely. It is also important to note that this
procedure is not permanent and with time menstrual
irregularities may re-occur.”™

Table 4: Highlighting recommendation for the treatment of infertility in polycystic ovarian syndrome.™

Treatment option Recommendations

In cases where the patient is overweight or obese, lifestyle changes are required as the

Lifestyle modifications

first-line treatment for PCOS. It provides tremendous benefits in improving mental states,

reproductive issues and metabolic abnormalities.

Pharmacological approaches
Letrozole

cC effective than letrozole.

Metformin

Recommended as part of the first-line treatment for inducing ovulation in PCOS.
Recommended as part of the first-line treatment for PCOS; however, it is slightly less

Can be used as a mono-therapy as part of the first-line treatment for PCOS; however, it is

slightly less effective as compared to clomiphene citrate and letrozole.
This combination therapy can be considered for its use as a first-line therapy in the
treatment of PCOS. Clomiphene citrate combined with metformin provides more benefits

Combination therapy of
clomiphene citrate and
metformin

for obese patients as compared to the single use of metformin. In addition, in all women
particularly those that are resistant to clomiphene citrate, the use of this combination is
more effective as compared to the single use of clomiphene citrate. Despite these benefits

that are potentially derived from this treatment combination, it is not recommended over
letrozole as the first-line treatment in PCOS.

Can be considered as part of the second-line treatment regimen for PCOS in instances
where first-line treatments are proven ineffective. The use of gonadotropins is more
effective in women who are resistant to clomiphene citrate as compared to the use of the
combination therapy of clomiphene citrate and metformin. In addition, in women that are

Gonadotropins

resistant to clomiphene citrate, gonadotropins can be combined with metformin.

Gonadotropins can be considered for use as first-line therapy and is seen as more
effective when combined with ultrasound monitoring. In this instance, it should only be
considered after the patient is educated on its cost and possible risk of multiple

pregnancies.

LOD clomiphene citrate.

Recommended as part of the second-line treatment regimen when patient is resistance to

CC- Clomiphene citrate, LOD- Laparoscopic ovarian drilling, PCOS- Polycystic Ovarian Syndrome Laparoscopic ovarian drilling
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CONCLUSION

In conclusion, PCOS is a multifactorial disorder which
may develop secondary to hormonal, neuroendocrine,
genetic and developmental factors. Its management
involves the combination of non-pharmacological,
pharmacological and surgical interventions. PCOS
remains a complex condition and more research is
required to further understand the role that genetics and
excess androgen exposure during development may play
in its development. In addition, more exploration is
needed into the side effect profile of the drugs that are
currently used for the treatment of this condition and
probably into the production of drugs that are capable of
targeting the multiple complications that accompanies
PCOS.
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