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Genetic and epigenetic factors contributing to the development of PCOD
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Abstract

Globally five to ten percent of women who are of reproductive age suffer from Polycystic Ovary Disease, a complicated
endocrine disease marked by irregular menstrual periods, hyperandrogenism, and polycystic ovarian morphology. We
explore the significance of insulin resistance, metabolic syndrome, and psychosocial comorbidities in addition to talking
about the genetic, hormonal, and environmental variables that contribute to PCOD. The most recent diagnostic
standards, such as the Rotterdam criteria, are examined, and various forms of treatment including lifestyle changes,
medications, and surgery are assessed critical. Emphasis is placed on recent developments in our knowledge of the
molecular mechanism behind PCOD and new treatment targets.
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1. Introduction

Polycystic ovarian disease (PCOD) is a common health problem which is increasing in teenage girls and young women.
It is one of the most common endocrine disorders of women in reproductive age group, with prevalence of 15% which
occurs in almost all races and nationality and is a leading cause of infertility. In India, the prevalence of PCOD is from
2.2% to 26% [1]. Polycysticovary disease, ultrasonically characterized by commonly enlarged ovaries with increased
numbers of small follicles interspersed by abundant stroma [2]. On the basis of so much work and so little yield in the
attempt to distinguish ovarian from adrenal factors, one might well begin to wonder if there is not indeed an
adrenocortical component in some cases of polycystic ovarian disease [3]. It is the most frequent diagnosis made when
patient presents with a syndrome consisting of one or more of the symptoms of hirsutism, acne, oligomenorrhea, or
infertility [4].

The presence of increased circulating insulin levels in patients with polycystic ovarian disease (PCOD) has been well
documented. We recently reported that hyperinsulinemia, before and during an oral glucose tolerance test (OGTT),
occurred in patients with PCOD in the absence of obesity and acanthosis nigricans. Positive correlations of
hyperinsulinemia with serum testosterone (T) and androstenedione levels suggested a causal relationship between
hyperandrogenism and the exaggerated insulin responses. These findings appeared to be the consequence of insulin
resistance, but no direct measurements of insulin sensitivity were performed [5].

A single molecular defect leading to the activation of a serine kinase might explain the two main biochemical
disturbances in these patients: hirsutism and insulin resistance [6]. Ovarian wedge resections have been performed on
patients with polycystic ovarian disease (PCOD) who either do not ovulate or do not conceive with clomiphene citrate
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[7]- Being a risk factor for the development of cardiometabolic disorders, obesity in women of reproductive age is
accompanied by a high frequency of violations of ovulatory function of the ovaries (an ovulation), hyperandrogenism
syndrome, menstrual irregularities, infertility, endometrial pathology (hyperplastic processes), an increased risk of
developing endometrial and breast cancer, and poor survival rate for ovarian cancer [8]. Some women with ovarian
hyperandrogenism exhibit hyperinsulinemia and insulin resistance, and there is an association between serum insulin
and androgen levels in patients with polycystic ovarian disease (PCOD) [9]. It is now generally accepted that
physiologically effective levels of steroids are reflected by the concentration that is not bound to plasma proteins. It is
the "free" steroid which interacts with specific receptors in the target cells to elicit normal or in certain cases abnormal
responses [10].

2. Causes of PCOD [11]

2.1. Environmental factors influencing PCOD

e (limatic condition
e  Pollution
e Pesticides

2.2. Socio-economic status and lifestyle patterns influencing PCOD

Education

Addiction

Food habits

Physical activity and sleeping pattern

2.3. Inflammatory mechanisms behind PCOD

e Obesity
e Cardiovascular disease (CVD)
e Type 2 Diabetes mellitus (T2DM)

3. Symptoms of PCOD [12]

Irregular menstrual cycle

Increase level of Luteinizing Hormone
Obesity

Change in blood pressure

Increase in androgen level in blood
High glucose in blood

Breast enlargement

Facial hair growth

Thinning hair on scalp

Skin darkening

Acne

4. Etiology of PCOD

Insulin resistance is paramount to the pathophysiology owing to PCOD and can affect as high as 70% of women
diagnosed with the disorder [13]. Notably, hyperinsulinemia enhances ovarian androgen production through direct
mechanisms and suppresses hepatic sex hormone-binding globulin (SHBG) synthesis, further intensifying the effects of
hyperandrogenism [14]. The metabolic impact is systemic, placing individuals. This cascade of hormonal and metabolic
imbalances further illuminates the multifaceted nature of PCOD and the detailed of its management. Polycystic ovarian
disease is associated with an ovulation, oligomenorrhea, increased circulatory androgens, and elevated insulin levels
[15].

Our current understanding of the concepts regarding estrogen biosynthesis and follicular development is based upon

the "two-cell theory" of ovarian steroidogenesis. The granulosa cell of the follicle serves as the site of estrogen synthesis,
utilizing androgens produced by the interstitial cells as substrate. The aromatase system, a cytochrome P450 mixed

17



World Journal of Biology Pharmacy and Health Sciences, 2025, 22(03), 016-020

function oxidase enzyme complex, converts the C19 androgen precursors to C18 phenolic steroids. It is activated by
follicle-stimulating hormone (FSH) and is essential for follicular estrogen production. Certainly, hyperinsulinism is
common but is difficult to interpret clinically, given the fact that it also results from obesity [16].
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Figure 1 Etiology of PCOD

5. Treatment for PCOD [17]

Allopathic medications such as tamoxifen, metformin, clomiphene citrate, and troglitazone are currently the most
popular and effective treatment for PCOD.

5.1. Clomiphene citrate (CC)

It comprises a first-line regimen for inducing ovulatory cycles in individuals with PCOS, imposing fewer adverse effects
with cost effective advantage. CC being an estrogen receptor antagonist have a direct effect on negative feedback of the
estrogen-signaling pathway, thus elevates FSH. It is a non-steroidal fertility drug. It is witnessed to be efficacious in high
doses of 150mg-200mg for ovulation induction in those women who would not conceive with low dosage regimens.

Legro et al witnessed notable deviations in conceiving rates among individuals with a BMI > 30 against having a BMI <
30 individuals. They were provided with Doses of 50-150mg for 5 days, starting on days 3 or 5 of a progestin-induced
spontaneous cycle. CC witnessed ovulatory cycles in 75%-80% of PCOS patients, gestation rate was assessed, it was
approximately 22% per ovulation cycle. It was observed that clomiphene caused twin pregnancies, and that using
letrozole and tamoxifen separately resulted in a single pregnancy. Clomophene miscarriages 10(20%), With tamoxifen
3(6%) and Letrozole 4 (8%) live birth rate: group A:22(44%) Group B:17(34%) Group C:21(42%).

6. Artificial intelligence in PCOD diagnosis

Reasoning, learning, problem-solving, perception, language comprehension, and other skills are all components of
artificial intelligence (Al). A lot of researchers use Al to automatically categorize ultrasound pictures. Al may identify
illnesses by "learning" characteristics from vast amounts of data through clinical experience. Al is able to eliminate
undesirable and useless data from its operation and produce results with fewer or no errors. Using ultrasound waves,
Al is used to determine the stage of PCOS as well as the health of the uterus and fallopian tube. Additionally, it measures
the size of the follicle and the quantity of ovarian cysts [18].

Laparoscopic ovarian electrocautery and ovarian laser vaporization or photocoagulation have been employed as

alternative surgical treatments to ovarian wedge resection in the management of polycystic ovarian disease (PCOD)
failing to respond to medical induction of ovulation [19].
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Since PCOS is a common hormonal disorder that is difficult to identify, computer-assisted blood tests, symptoms, and
other characteristics can create a novel and simple way to diagnose it. By collecting clinical data and building a model
by writing algorithms, Machine Learning has shown its efficiency in the health sector when it comes to diagnosing
diseases accurately [20].

Normal ovary Polycystic ovary

Figure 2 Normal ovary versus polycystic ovary

7. Conclusion

PCOD is associated with multivariate symptoms and a single biochemical diagnostic criterion is not sufficient for clinical
diagnosis. A complete convincing animal model which characterizes all the symptoms of PCOD similar to human PCOD
was not well established PCOS is a very challenging endocrine-metabolic disorder, since various aspects need to be
considered to frame and manage its clinical features, as in the case of other multifactorial diseases

As there is currently no cure, the management of PCOS is directed toward improving the patient’s health related
conditions using symptomatic alleviation and prevention of long-term complications (including the development of
the metabolic syndrome and associated diseases ,i.e., cardiovascular disease and type II diabetes mellitus) It can be
concluded that ovarian electrocautery, done during a planned diagnostic laparoscopy, may be a better alternative to the
more expensive LH-RH for induction of ovulation in PCOD patients who do not conceive after gonadotropin therapy

Several recent studies I-a have demonstrated that the endorphins, a group of endogenous opioids, may play an
important role in the regulation of the normal menstrual cycle
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