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	 Polycystic ovarian syndrome (PCOS) is a typical hormonal imbalance that affects 
women who are ready to procreate. In polycystic ovarian syndrome, the ovaries may generate 
an abundance of small fluid-filled cysts yet fail to release eggs regularly. A high amount of the 
male hormone produced by polycystic ovarian syndrome delays and unbalances the female 
body's menstrual cycle. Polycystic Ovarian Syndrome usually synchronizes with a variety of 
dysglycemia conditions, from Impaired Glucose Tolerance (IGT) towards the commencement 
of Type 2 Diabetes Mellitus (T2DM), and often appears in greater levels than in healthy 
women. This synchronism of polycystic ovarian syndrome is solely associated with prevalent 
pathogenic pathways connecting the two distinct phenomena, like Insulin Resistance (IR), 
genetics, neuroendocrine, lifestyle/environment, and obesity, which are the prime risk factors 
that aid in the development of Polycystic Ovarian Syndrome (PCOS). This review research seeks 
to determine if polycystic ovarian syndrome (PCOS) and type 2 Diabetes Mellitus (T2DM) are 
related.

Keywords: Hyperandrogenism; Impaired Glucose Tolerance; Insulin Resistance;
Polycystic Ovarian Syndrome; Type 2 Diabetes Mellitus.

	 Polycystic ovarian syndrome (PCOS) 
was first described in modern medical literature 
in 1935 by Stein and Leventhal. Seven women 
with symptoms such as hirsutism, amenorrhea, 
and ovarian enlargement with numerous cysts were 
used to define the illness.1 One of the most prevalent 
female endocrinological conditions, polycystic 
ovarian syndrome is accepted to influence 5–10% 

of women who are of reproductive age.2 It is 
presently one of the main factors contributing to 
female anovulatory infertility.3,4 The signs and 
symptoms of excess androgen [hyperandrogenism], 
anovulation, ovarian dysfunction, and enlarged 
polycystic ovaries as shown on ultrasonography, 
typically define the diverse nature of polycystic 
ovarian syndrome.5,6 An elevated ratio of luteinizing 
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hormone to follicle-stimulating hormone, low sex 
hormone binding globulin, and elevated free 
testosterone levels are instances of endocrine 
disorders.7 Because PCOS can induce infertility, it 
was once believed that only women of childbearing 
age were affected. Women with PCOS frequently 
exhibit oligomenorrhea, hirsutism, or infertility 
symptoms in their youth or early adulthood.8 

	 It poses a severe risk to the general 
population’s health. Nevertheless, PCOS is 
associated with health risks that go well beyond 
treating these symptoms and most likely persist 
beyond menopause and the post-menopausal years.9 
Women present with a variety of characteristics, 
including reproductive (complications during 
pregnancy, irregular menstrual cycles, hirsutism, 
and infertility), psychological (depression, anxiety, 
negative body image, and lowered quality of 
life), and significant metabolic problems (insulin 
resistance, metabolic syndrome, prediabetes, and 
diabetes mellitus type 2 alongside the determinants 
of cardiovascular disease).10-12

	 Nevertheless, recent research has indicated 
that a key component of PCOS is insulin resistance 
and the compensatory hyperinsulinemia.13-14 

Insulin resistance is prevalent in PCOS-affected 
women, which is often followed by compensatory 
hyperinsulinemia and increases the danger 
of developing type 2 diabetes.15 It may be 
reasonably expected that women with PCOS 
will eventually develop Type-2 Diabetes because 
ß-cell malfunction and insulin resistance (IR) 
are typically present in these individuals. Insulin 
resistance, a crucial component in the pathogenesis 
of PCOS, has been observed in the vast majority of 
PCOS-affected women, in contrast to their healthy 
body mass index (BMI)-matched peers.16-17

	 Research carried out in vitro and in vivo 
has shown that insulin sensitivity is subnormal, 
and moderate hyperinsulinemia predominates 
in PCOS-affected women.7 It is estimated that 
insulin resistance affects PCOS patients, and it 
is considered to have a substantial detrimental 
role in the hyperandrogenism experienced by 
PCOS patients, regardless of weight.18 The 
aetiology of PCOS and its immediate and potential 
long-term consequences, such as a high risk of 
developing obesity, metabolic syndrome, impaired 
glucose tolerance, type 2 diabetes, dyslipidemia, 
hypertension, and atherosclerosis, have been 

clarified by the discovery that PCOS is associated 
with insulin resistance.7,13-14 Moreover, PCOS 
patients are more prone to putting on weight 
and becoming obese, making the condition more 
severe, exacerbating the symptoms for those who 
have it, and necessitating attention to healthy 
living.17 In continuation of elevating the threats 
for endometrial hyperplasia and neoplasia, PCOS 
may have numerous catastrophic side effects.19-20

PCOS Characteristics and Prognosis
	 Two out of the three criteria for PCOS are 
present in proximity to one another: oligovulation or 
anovulation, scientific or physiological indications 
for hyperandrogenism, and ultrasound-detected 
polycystic ovaries. Oligovulation occurs when 
ovulation is infrequent or sporadic. Typically, 
a woman ovulates or releases an egg once 
each month, about halfway through her cycle. 
Hirsutism, androgenic alopecia, skin breakouts, 
and acanthosis are all causes of hyperandrogenism 
in Nigerians. Anovulation causes an increase in 
endometrial oestrogen production and a rise in 
endometrial cancer by reducing progesterone 
release. The best method for diagnosing Polycystic 
ovaries is ultrasonography, and the sonographic 
criteria have been carefully considered to include 
increased ovarian volume. Restriction should 
be enforced for restorative disorders, including 
hyperprolactinemia/hyperthyroidism, congenital 
adrenal hyperplasia, Cushing’s illness, and 
secretory ovarian tumour of adrenal androgens.21-22

	 Oligo and anovulation on ultrasound, 
clinical or research facility evidence of androgen 
abundance, an androgen plenitude mess and its 
essential characteristics, androgen abundance 
proof, are four criteria for identifying the perplexity 
cycle.6, 21-22 Two out of three requirements were 
close to being met include: menstrual irregularity 
and polycystic ovary; hyperandrogenism and 
also hyperandrogenism; and an ultrasound 
demonstrating a polycystic ovary.23Polycystic 
ovarian syndrome (PCOS) are identified as a 
group of symptoms including oligomenorrhoea, 
polycystic ovaries, and hirsutism, acne, and obesity 
and It is the most prevalent illness among women 
who can procreate.1

PCOS: Symptoms and Causes 
	 PCOS symptoms include: Abnormal 
menstrual cycles, acne and hair thinning or loss 
on the scalp, abnormally heavy bleeding during 
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periods, or excessive body or facial hair. Eggs do 
not actually ovulate. Infertility or having trouble 
becoming pregnant. Cystic ovaries that are enlarged. 
Boost in the sugar level. Skin ageing and darkening, 
rash under the breasts. Mood fluctuations, anxiety, 
depression, and irritability.21 Although the precise 
origin of PCOS is unidentified, it is thought to be 
an intricate condition with a genetic component. In 
contrast with the depicted 4-6% prevalence in the 
wider community, 20–40% of female relatives in 
the first generation of PCOS-affected individuals 
go on to inherit the condition in the future.24 

Genetic predisposition, lifestyle, environment, 
increased insulin, increased androgens, increased 
estrogen, irregular periods, weakened immune 
system, unhealthy diet, processed food, hormonal 
imbalance, and inflammation are the leading causes 
of PCOS.1, 21-23

	 Insulin resistance, dyslipidemia, abnormal 
glucose metabolism, and a variety of additional 
reproductive, metabolic, psychological, and 
anthropometric abnormalities have been associated 
with PCOS. There appears to be evidence that 
the prevalence of cardiovascular disease (CVD) 
projects greater rates of occurrence in females. 
Moreover, harmful to a female’s aptitude to live 
a wholesome way of living. PCOS has negatively 
impacted health-related quality of life. There are 
substantial issues with metabolism attributed 
to polycystic ovarian syndrome, which are 
predominantly brought on by obesity and insulin 
resistance. Impaired glucose tolerance and Type 
2 diabetes mellitus risk are both increased, as are 
the risks for dyslipidemia, systemic inflammation, 
non-alcoholic fatty liver disease (NAFLD), and 
hypertension. Obesity constitutes a significant 
contributor to PCOS patients’ clinical and 
metabolic problems due to its increased prevalence 
in women with PCOS. Obesity has always been 
linked to detrimental effects on metabolism, 
reproduction, and mental health, which has been 
demonstrated via all research investigations and 
evaluations. BMI should be calculated in all women 
with PCOS, weight increase must be avoided, 
and weight loss should be the initial course of 
intervention for those who are overweight or 
obese. Non-alcoholic fatty liver disease is more 
prevalent in PCOS-afflicted women than in healthy 
individuals (NAFLD). Insulin resistance, which 
has been linked to NAFLD regardless of body 

fat, is the main pathogenetic factor. Women in 
their premenopausal phase and suffering from 
PCOS are at a higher risk of being diagnosed with 
hypertension. The leading causes include Insulin 
Resistance and obesity, although androgens also 
play a key role in pathogenesis by activating the 
renin-angiotensin system. Vascular endothelial 
dysfunction and impaired vascular compliance 
were seen in women with PCOS, with obese 
individuals experiencing a notably greater degree 
of the impairment. Women with PCOS may have 
reduced fertility because of endocrine anomalies 
and ovulatory issues. A recent study found that 
PCOS-afflicted women are ten times more likely 
to experience infertility than individuals without 
the condition. The impact of the PCOS phenotype 
on female fertility is yet unknown 1, 7, 21-23

	 Premature birth, cesarean section, 
miscarriage, preeclampsia, pregnancy-induced 
hypertension, newborn hypoglycemia, and 
gestational diabetes mellitus (GDM) are only a 
fraction of the detrimental pregnancy, fetal, and 
neonatal outcomes that women with PCOS are 
more likely to experience. This aligns with the 
most current recommendations supported by 
recent research and with the official declarations 
of specialised societies. Two comprehensive 
investigations have found that PCOS-positive 
women had a significantly greater chance 
of developing endometrial cancer. Obesity, 
anovulation, infertility, oligomenorrhea, prolonged 
endometrial exposure to estrogen, insulin resistance, 
and hormonal treatment might all contribute to this. 
PCOS has been associated with breast and ovarian 
cancer, even though a specific risk factor is difficult 
to identify.
	 Furthermore, having an inferior standard 
of living, women with PCOS are also inclined 
to have symptoms of anxiety and depressive 
disorders, which are intricately associated with 
obesity. Weight loss, which is the primary therapy 
for PCOS, may be uplifting. The nature of having a 
chronic condition, being overweight, and managing 
worries about gender, sexuality, and fertility might 
all play a role in PCOS psychological issues. 
According to research conducted throughout 
the world, the majority of PCOS patients are 
dissatisfied with their ongoing treatment for 
psychological and physical issues. The higher 
probability of exhibiting moderate to severe 
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manifestations comprising mental stress (anxiety 
as well as depression) in PCOS-affected women 
requires being wholeheartedly acknowledged by 
them.25-26

Epidemiology
	 PCOS, a prevalent endocrine condition 
that affects 4–12% of women in their reproductive 
age—with some communities reporting rates 
as high as 25%—is characterised by insulin 
resistance (IR). The pathogenesis of PCOS is 
closely linked to insulin resistance (IR), which is 
clinically defined as insulin’s failure to promote 
glucose uptake and utilisation as efficiently as 
in the general population. Women with PCOS 
who are neither fat nor obese both have IR, 
demonstrating the disorder’s heterogeneity. The 
criteria for examining PCOS were expanded 
following the Rotterdam consensus criteria in 
2004,6 which excluded other endocrinopathies and 
shortlisted at least 2 of the following parameters: 
oligoanovulation, polycystic ovaries, and clinical or 
biochemical hyperandrogenism. A prominent form 
of inheritance is evident in the fact that 40–50% of 
first-degree relatives have PCOS, underscoring the 
importance of family history.27 Research indicates 
that there is a substantial hereditary component 
around the gene encoding the insulin receptor, 
which contributes to insulin resistance in PCOS 
females, and there is a strong correlation between 
IR and PCOS. Approximately 50–70% of women 
with PCOS have IR above what their body mass 
index (BMI) would indicate.28 Compensatory 
hyperinsulinemia (IR) promotes the synthesis 
of androgen by the ovaries while inhibiting the 
creation of Sex Hormone Binding Globulin by 
the liver, resulting in hyperandrogenism. About 
75% of PCOS individuals exhibit a certain amount 
of insulin resistance. Research has shown that 
women with PCOS have differing rates of insulin 
resistance; rates as high as 40.2% have been 
observed in the Czech Republic and as high as 
76.9% in India.29-30 Moreover, IR exhibits a greater 
association with dysglycemia, which includes 
type 2 diabetes and poor glucose tolerance, both 
of which are commonly seen in PCOS-affected 
women. Understanding the epidemiology of insulin 
resistance (IR) and its association with polycystic 
ovary syndrome (PCOS) is crucial for developing 
effective care and preventive strategies that 
address metabolic and reproductive abnormalities 

in affected individuals. PCOS may manifest 
up as asymptomatic, irregular menstruation, 
subfertility, miscarriage, obesity, hirsutism, acne, 
acanthosis nigricans, and male pattern baldness. 
Insulin resistance (IR) in PCOS is indicated by 
central obesity and acanthosis nigricans, which 
also increases the risk of type II diabetes mellitus 
by 5-10 %.31 40 percent of PCOS individuals 
experience poor tolerance level of glucose or 
diabetes mellitus (Type II)upon attaining forty 
years of age.16, 32-33

	 The prevalence of type 2 diabetes (T2D) 
differs dramatically between normal fertile women 
and those with polycystic ovarian syndrome. The 
typical prevalence of T2D in healthy women is 
between 1% and 3%.34 On the other hand, T2D 
prevalence in women with PCOS varies from 
1.5% to 12.4%, with a median value of 4.5%.35 
Numerous factors, including the age of the research 
participants, affect this vast range. For example, 
a research study presenting 46 years a mean 
age that concentrated on PCOS females in their 
perimenopausal phase found a higher incidence of 
T2D at 12.4%. On the other hand, T2D prevalence 
was lower in other studies in which participants’ 
mean age ranged from 25 to 30 years. Another 
substantial factor influencing the frequency of T2D 
in PCOS is ethnic variance. Research from Asia 
has shown that the prevalence of T2D is 6.3% and 
10.1%, respectively, indicating the rising incidence 
of T2D in this area. Recent large meta-analyses 
have confirmed this pattern.16, 36-41

Pathophysiology associated with PCOS and 
Type-2 Diabetes Mellitus
	 Polycystic ovarian syndrome (PCOS) 
is associated with a complex pathophysiology of 
type 2 diabetes mellitus (T2DM), involving both 
hormonal and metabolic variables. One of the 
main features of PCOS is the presence of ovarian 
androgens, especially in greater quantities, most 
of which come from the adrenal gland.42-43 PCOS 
development has been speculatively connected to 
prenatal exposure to increased androgen levels. 
Gonadotropin-releasing hormone (GnRH) is 
secreted more pulsatile during puberty in females 
with PCOS. This increases the synthesis of androgen 
in the ovaries, causing hyperandrogenic symptoms 
as acne, hirsutism, and ovulatory dysfunction.43-45 

While PCOS is associated with hyperandrogenism 
throughout the reproductive years, its metabolic 
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characteristics are also important. A prevalent 
characteristic is insulin resistance (IR), which 
is frequently associated with central obesity, 
visceral fat buildup, and dysfunctional pancreatic 
â-cells.43,46 Inflammation, dyslipidemia, impaired 
glucose tolerance (IGT), impaired fasting glucose 
(IFG), and hyperinsulinemia are the final effects 
of these metabolic disturbances. When pancreatic 
stress exceeds the ability of the pancreas to produce 
insulin, the combination of the relevant parameters 
raises the probable concerns of progressing type 
2 diabetes. 43, 47 IR affects 44–70% of those with 
PCOS, independent of their weight status, and is 
almost universal.18 Regardless of body mass index, 
adolescents with PCOS exhibit noticeably reduced 
peripheral insulin sensitivity in comparison to 
controls. Obesity is a significant trigger for T2DM 
development, which is predicated on both â-cell 
malfunction and IR. PCOS and the risk of type 2 
diabetes are strongly correlated, particularly when 
obesity is present, according to a meta-analysis.43, 

48-49

	 There is still debate on whether PCOS 
presents a threat to type 2 diabetes (T2DM) or if 
obesity in PCOS is the leading cause of T2DM.50-

51 Genetic research indicates that obesity or 
increased androgen levels may be the cause of 
T2DM development rather than PCOS being a 

genetic predisposing factor. With several genetic 
clusters linked to metabolic abnormalities and 
hyperandrogenic symptoms, PCOS is regarded as 
a polygenic trait.43,52-53 PCOS-related dysglycemia 
advances from normoglycemia to IFG, IGT, and 
overt type 2 diabetes. IFG is mainly associated 
with hepatic IR, whereas significant muscular 
IR characterises isolated IGT.54 More so in 
hyperandrogenic women with PCOS, androgens 
worsen insulin resistance (IR) and accelerate the 
course of type 2 diabetes. This behaviour may 
be explained by androgens decreasing muscle 
insulin sensitivity, according to molecular studies. 
However, in thin women with PCOS, longitudinal 
studies indicate a decrease in androgen levels 
with time, accompanied by a reduction in IR.43, 

55-58 The significance of weight control in PCOS is 
highlighted by the possibility that lean women with 
PCOS, especially those with isolated IGT, may not 
acquire type 2 diabetes if they maintain a healthy 
diet. Although obese and overweight people 
predominate PCOS cohorts, around 25% PCOS 
incident females bear weight in the normal range, 
highlighting the significance of severe adiposity 
in PCOS pathogenesis.59-60 Elevated body mass 
index intensifies the decrease in insulin sensitivity, 
which may surpass the amount of insulin secreted 
in response, resulting in hypoglycemia.17,43

Fig. 1. Location of an ovary in relation to the uterus shown with a side by side close up comparison of a normal 
ovary versus a polycystic ovary.
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Fig. 2. Genetic factors and polycystic ovarian syndrome consequences. The pathophysiology of PCOS is 
influenced by many genetic variations. Different amounts of hormones, including testosterone, insulin, AMH, 

SHBG, LH, FSH, and testosterone, are influenced by genetics and several other hormone levels, which also aid in 
the advancement of the condition

	 Therefore, ovulatory dysfunction, 
hyperandrogenism, and insulin resistance (IR) 
are the hallmarks of the multifactorial endocrine 
disorder, such as polycystic ovary syndrome 
(PCOS). Although an overabundance of androgens 
causes ovulatory failure, IR and hyperandrogenism 
are related factors that contribute to the different 
symptoms of PCOS. As cells lose their sensitivity 
to insulin, PCOS is characterised by compensatory 
hyperinsulinemia and IR. Disruption of glucose 
homeostasis can lead to Type 2 Diabetes Mellitus 
(T2DM). A clinical sign of IR is acanthosis nigricans. 
IR risk is elevated by obesity, independent of PCOS. 
Studies show that insulin sensitivity and glucose 
control are disrupted in a significant proportion 
of women with PCOS.17, 43 In PCOS individuals, 
IR and T2DM are more likely to occur due to 
obesity than in the general population. Obesity also 
aggravates IR. Remarkably, obese PCOS patients 
frequently show higher insulin sensitivity than their 
non-obese counterparts, highlighting the complex 

interplay among obesity, IR, and PCOS. Ovarian 
and adrenal androgen production are stimulated 
by hyperinsulinemia (HIE), which results from IR 
and contributes to hyperandrogenism in PCOS. 
Research has shown that higher testosterone levels 
in T2DM patients are predictive of the development 
of T2DM.61-62 Additionally, androgen levels are 
increased in thin PCOS individuals, and there is 
a favourable association between testosterone and 
IR. This implies a susceptibility to type 2 diabetes 
in PCOS patients, which is corroborated by meta-
analyses that demonstrate a markedly increased 
risk of T2DM in PCOS patients, especially 
those who are obese. IR, hyperinsulinemia, 
hyperandrogenism, and obesity are only a few of 
the complex interplaying elements that make up the 
pathophysiology connecting PCOS with T2DM. 
For PCOS patients to get early identification and 
efficient treatment of T2DM, an understanding of 
these pathways is crucial. 61-64
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Fig. 3. Polycystic Ovarian Syndrome symptoms and causes

Type-2 Diabetes Mellitus risk management for 
PCOS
	 Polycystic ovarian syndrome (PCOS) 
is an abnormality in hormones that is associated 
with elevated levels of insulin, luteinizing 
hormone, and androgen. In furtherance of 
anovulation, hyperinsulinemia, hyperandrogenism, 
hyperlipidaemia, hirsutism, and irregular 
menstruation result in acne, hirsutism, obesity, 
and irregular menstruation. Anti-androgens are 
the most effective PCOS treatment option. 65 
PCOS is associated with both immediate and 
long-term effects that might have a harmful effect 
on women at various stages of their life. Finding 
efficient medications for its prevention and 
treatment is crucial to reducing the syndrome’s 
financial and medical expenses. Hyperandrogenism 
and anovulation develop as a consequence of 
an amalgamation of contributing variables, 
including anticipatory hyperinsulinemia, elevated 
ovarian androgenic response to peripheral insulin, 
and insulin resistance.66-67 The hormonal and 
reproductive health conditions attendant on PCOS 
have long been related to metabolic abnormalities. 
However, it is now understood that insulin 
resistance plays a significant role in these problems. 

Several ideas have been investigated in order to 
explain better the relationship between PCOS 
and a greater likelihood of evolving into insulin 
resistance. Given that PCOS as well as obesity are 
typically linked, and insulin resistance is frequently 
prevalent, this may help to explain some of the 
situation. However, many PCOS-afflicted women 
develop insulin resistance even when they are not 
overweight. The reason for this is that even though 
these women are not fat, they are more likely to get 
diabetes.67-70

	 Polycyst ic  ovar ian  syndrome is 
distinguished by insulin resistance (PCOS). 
Metformin is a medicine that helps improve lipid 
profiles, lower blood sugar levels, minimise the 
likelihood of developing diabetes, myocardial 
infarction, and stroke, and can also enhance 
fertility. Some PCOS-affected female patients 
may benefit from using metformin; however, 
women should exercise caution to prevent type 
2 diabetes mellitus from developing. Metformin 
fails to stimulate ovulation in the same manner 
that clomiphene citrate does, although a 6-week 
regimen of this medication could enhance the cycle 
of menstruation and reproductive health. The use 
of insulin-sensitising drugs is a sensible approach 
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to addressing the endocrine and physiological 
challenges that PCOS individuals endure. 
Polycystic ovarian syndrome is characterised 
by insulin resistance (PCOS). In furtherance of 
ubiquitous serine phosphorylation of the insulin 
receptor, this is additionally triggered by a persistent 
post-binding signalling error in recently evolved 
skin fibroblasts.7, 71 Based on several studies, it 
is assumed that an important contributor to this 
resistance is insulin receptor autophosphorylation. 
Glucose transporter 1 (GLUT1) abundance, basal 
and insulin-stimulated glucose transport, were 
all markedly increased in utilised myotubes from 
individuals experiencing PCOS. Individuals 
with PCOS may appear more predisposed to 
conditions that foster insulin resistance owing 
to intrinsic aberrations in insulin and glucose 
signalling, including elevated IRS-1 Ser312 
phosphorylation. Individuals with PCOS exhibit 

skeletal muscle atrophy, leading to reduced overall 
blood sugar absorption when insulin is released 
into the bloodstream. Anovulation, biochemical 
hyperandrogenaemia, and insulin resistance, or 
hyperinsulinemia, have all been linked in Studies 
investigating hyperandrogenic PCOS women 
in their teenage years and adulthood.72-73 A 
thorough analysis showed that the patient’s insulin 
resistance had grown while their testosterone 
level had decreased. Long-term PCOS therapy 
necessitates changing lifestyle choices, including 
drinking, smoking, and dealing with psychosocial 
stresses. It has been demonstrated that growth 
hormone therapy may partially control follicular 
development, and therapeutic approaches to alter 
the ovarian nexus, along with growth hormone, are 
now being researched. Drugs that improve insulin 
sensitivity are used with anti-androgen treatment. 
Among the latest and upcoming therapies for 

Fig. 4. Polycystic Ovarian Syndrome’s pathophysiologic characteristics. The combined effects of compromised 
genetic, epigenetic, and lifestyle variables lead to PCOS, a complex illness. These elements all contribute to 
dysregulated pathophysiology, including insulin resistance, hyperandrogenism, and low-grade inflammation, 
which in turn causes the complex clinical, reproductive, metabolic, and psychological symptoms of PCOS
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PCOS are mainly: glucagon-like peptide-1 (GLP-1) 
agonists, dipeptidyl peptidase-4 (DPP-4) inhibitors, 
sodium-glucose transport protein-2 (SGLT2) 
inhibitors, myoinositol, thyroid hormones, and 
vitamin supplements.74-75

	 A n o v u l a t i o n ,  b i o c h e m i c a l 
hyperandrogenaemia, and insulin resistance, or 
hyperinsulinemia, have a strong association, as 
demonstrated by probes involving hyperandrogenic 
adolescents and older PCOS women. A thorough 
examination indicated that the individual’s 
testosterone levels decreased as their insulin 
resistance increased. Modifying lifestyle variables, 
including drinking, smoking, and other psychosocial 
stresses, is necessary for long-term PCOS therapy. 
Statin medications are seldom advised for treating 
excessive cholesterol in PCOS. Patients with 
PCOS who use antidepressants have a higher 
possibility of a metabolic disorder emergence 
since antidepressants may have a deleterious 
influence on their metabolic phenotype.72, 76  In 
PCOS-afflicted older women, hyperglycemia 
has been attributed to a profile of heightened 
risk factors for cardiovascular disease, and 
in addition, there was a greater prevalence of 
atherosclerosis relative to women lacking the 
disorder. Insulin resistance (IR) is an abnormality 
characterised by a diminished biological response 
to insulin in peripheral target tissues, leading to 
hyperinsulinemia. When a healthy diet is combined 
with energy-reduced meals, both weight loss and 
IR are benefits. Nevertheless, a slight reduction in 
weight of 5%–10% may have beneficial effects on 
blood pressure, other cardiometabolic metrics, and 
overall life expectancy.77-78

Determinants Of Diabetes Onset In Polycystic 
Ovary Syndrome
	 Recent studies have examined several 
factors that may affect the vulnerable phase in 
PCOS women with T2D. After controlling for age, 
waist-to-hip ratio (WHR), and body mass index 
(BMI), the severe form of PCOS manifestation, 
which consists of the combination of elevated 
androgen concentrations and chronic anovulation 
(as per former criteria of NIH) emerged as a 
robust was found to be one of the strongest 
independent determinant of glycemic levels 
following a 75-g OGTT in 254 PCOS women. 
Since then, nonetheless, this conclusion has not 
been confirmed.44, 47

	 An inverse relationship between birth 
weight and the risk of type 2 diabetes appears to 
be very likely, given the firmly established early 
life origins of health as well as disease. In fact, low 
birth weight has been linked to a later diagnosis 
of PCOS; a birth weight of less than 2.5 kg is 
associated with a 76% increased risk of PCOS. 
Similarly, in PCOS, dysglycemia has been linked 
to menarche age. In fact, low birth weight has 
been linked to a later diagnosis of PCOS; a birth 
weight of less than 2.5 kg is associated with a 76% 
increased risk of PCOS. Similarly, dysglycemia in 
PCOS has been linked to menarche age.48, 58

	 In fact, a single time point study with 121 
Italian PCOS women found that those with IGT 
had a considerably earlier menarche age (11.9 ± 
1.6 years) than obese PCOS women with standard 
glucose tolerance (12.4 ± 1.7 years). Nevertheless, 
there were not enough T2D subjects to show any 
association. Notably, a prevalence-based study 
showed that having more children reduced the 
incidence of T2D in PCOS-afflicted women, 
supporting the idea that parity may prevent T2D. 
The effect of lactation on the development of T2D 
may be hypothesised in this context.51, 58

	 In fact, obesity raises the likelihood of 
decreased breastfeeding start and duration and 
is a potential threat to impaired lactogenesis in 
women with PCOS. Furthermore, although there 
is currently a dearth of strong evidence to support 
this theory, the existence of aberrant lactational 
function may increase the risk for type 2 diabetes 
in this population because lactation is essential for 
women’s post-gestational metabolic health. Lastly, 
it has been suggested that a family history of type 
2 diabetes and the risk of developing the disease 
in PCOS are positively correlated. This hypothesis 
is based on the fact that women with PCOS who 
have a first-degree relative with T2D have a defect 
in the first phase of insulin secretion, whereas BMI-
matched PCOS patients without such a history do 
not.13, 34, 78

	 Environmental factors undoubtedly shape 
the development of T2D. The role of endocrine 
disruptors in aggravating PCOS pathophysiology 
has been suggested for more than 20 years, and 
bisphenol A (BPA) is significantly associated 
with indices of IR and anthropometric indices in 
females. Endocrine disruptors are an increasing 
environmental hazard. Furthermore, BPA exposure 
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has been specifically implicated in the pathogenesis 
of PCOS due to the bidirectional reinforcing loop 
comprising BPA and hyperandrogenism that 
has been demonstrated in PCOS. Additionally, 
the role of advanced glycation end-products 
(AGEs) in the pathobiology of T2D in PCOS 
has drawn increasing interest over time. In both 
hyperglycaemic and euglycaemic conditions, 
proteins and lipids undergo non-enzymatic 
glycation and oxidation (glycoxidation), leading to 
the formation of AGEs. The dietary overexposure 
to exogenous AGEs, which remain in the body 
and are covalently incorporated into many 
tissues, is caused by thermally processed meals, 
particularly those high in fat and protein, which are 
typical of Western diets. Dietary AGEs have been 
linked to endothelial dysfunction and subclinical 
inflammation in both T2D patients and healthy 
people 79. Interestingly, regardless of the level of 
obesity and IR, AGE concentrations are higher in 
PCOS-afflicted women than in healthy women. 
They are seen in human polycystic ovaries and 
have a favourable correlation with levels of 
androgens and anti-Müllerian hormones. Given 
everything mentioned above, it has been proposed 
that AGEs may play a part in the mechanisms 
underlying PCOS. Consuming an AGE-rich 
diet high in AGEs was associated with a decline 
in IR and hyperandrogenism in women with 
PCOS. In contrast, AGE removal was associated 
with a notable improvement in these important 
parameters, even in the absence of a change in BMI. 
However, because endocrine disruptors function in 
a non-monotonic manner, the association between 
them and human pathophysiology should be taken 
cautiously 18

	 Alcohol, caffeine, and smoking are three of 
the most prevalent addictions that have been linked 
to the pathophysiology of PCOS and may also have 
a role in the onset of type 2 diabetes. Although there 
was no significant correlation between HOMA-IR 
and pack-years among the participants, a cross-
sectional study based on 309 PCOS-affected 
women found a remarkable cooperativity between 
lipid levels and years of long-term smoking and IR 
observance was elevated in PCOS smokers versus 
their non-smoking counterparts. Furthermore, a 
German study of 346 women with PCOS found 
that smokers had higher HOMA-IR and fasting 

insulin concentrations than non-smokers; however, 
the latter analysis was not corrected for age or BMI. 
Although there is currently no research linking 
caffeine use to glucose homeostasis, it has been 
linked to poorer reproductive outcomes in women 
with PCOS. Lastly, it has been shown that alcohol 
use is positively correlated with PCOS.80

	 Vitamin D deficiency may be another risk 
factor causing problems with glucose regulation. 
In relation to PCOS, it has been observed that 
individuals with PCOS had lower 25-hydroxy-
vitamin D [25(OH)D] concentrations than controls. 
The sunshine vitamin insufficiency [25OHD < 
20 ng/mL] is associated with increased fasting 
glucose, insulin, and IR, as measured by OGTT. 
Daily supplementation with small doses of vitamin 
D was found to significantly lower the HOMA-IR 
index (daily supplementation effect -0.30; P = 
0.0018, low-dose supplementation effect “0.31; 
P = 0.0016) in a meta-analysis that combined 
findings derived from 11 placebo-controlled 
studies assessing the influence of vitamin D 
supplementation on glucose regulation conducted 
among 601 PCOS patients, out of which 89% 
were Asians. Nevertheless, neither study included 
information about the connection between vitamin 
D insufficiency and type 2 diabetes. Nevertheless, 
neither study included information about the 
connection between vitamin D insufficiency and 
type 2 diabetes.80

	 From a broader perspective, mood 
problems and sleep quality are additional new 
aspects in the development of T2D. Even after 
adjusting for obesity, it is well known that women 
with PCOS are more likely to experience sleep 
disturbances, including decreased sleep efficiency, 
a higher duration of REM and non-REM sleep, and 
trouble falling and staying asleep. Additionally, 
women with PCOS are more likely than non-PCOS 
women to have obstructive sleep apnoea [odds 
ratio (OR) 3.83; 95% CI: 1.43-10.24][81], and this 
condition is linked to higher fasting insulin levels, 
HOMA-IR index, HbA1c, and glucose area under 
the curve. However, given the high probability 
of selection bias, the latter findings should be 
interpreted with caution. Numerous studies have 
linked IR, obesity, and T2D to mood disorders 
and depression. Moreover, mental problems and 
depression have often been identified in women 
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with PCOS. Although there may theoretically be a 
connection between these two illnesses, no research 
has examined it in depth. 81

	 The gut microbiota’s significance in 
metabolic disorders, such as PCOS, has been 
investigated in recent years.82 Therefore, it seemed 
inevitable that probiotics and synbiotics would be 
used to alter the microbial community in an attempt 
to enhance some of the syndrome’s characteristics. 
A more extended treatment period also appeared to 
be more effective, and the latter intervention was 
demonstrated to have positive effects involving 
broad parameters, starting from body weight, 
fasting glucose levels, plus insulin, sex hormones, 
and hirsutism.83

	 The prescription of suitable medications is 
a significant element that may eliminate or lower the 
risk of T2D in PCOS. For women with PCOS, oral 
contraceptives stand as the cornerstone of treatment 
for hirsutism, acne, and irregular menstruation with 
remarkable success rates. Although a meta-analysis 
of published trials found a slight increase in fasting 
insulin levels, few scientific studies have reported 
an increased risk of type 2 diabetes with this 
technique. On the other hand, it is not surprising 
that metformin presents itself as a famous drug 
to prevent or treat the metabolic abnormalities in 
women with PCOS, considering the importance of 
IR in the pathogenesis of the illness. Nevertheless, 
metformin and lifestyle modifications resulted 
in only a slight decrease in BMI (-0.73 kg/m2), 
despite the high expectations. According to a meta-
analysis of published randomised controlled trials, 
this was specifically a reduction in subcutaneous 
adipose tissue and normalisation of menstrual 
function compared with lifestyle treatments alone. 
However, most studies had small sample sizes, 
and the authors considered the risk of bias to be 
considerable. The majority of research excluded 
patients with diabetes, making it impossible to 
obtain reliable results in this area. However, with 
significant heterogeneity across studies, metformin 
significantly decreased the risk for preterm delivery 
(pooled OR 0.33, 95%CI: 0.18-0.60, P = 0.0003), 
early pregnancy loss (pooled OR 0.28, 95%CI: 
0.10-0.75, P = 0.01), and gestational diabetes 
(pooled OR 0.20, 95%CI: 0.12-0.1, P < 0.001). 
Patients who received treatment before becoming 
pregnant and those who received treatment during 

their pregnancy did not experience different 
outcomes.84

	 In addition to metformin, women with 
PCOS have shown notable improvements in 
fasting blood glucose and glucose tolerance when 
taking PPAR-ã agonists, such as pioglitazone and 
rosiglitazone, which are potent insulin sensitisers 
but are not currently used due to the risk of heart 
failure. As anticipated, metformin appeared to 
reduce BMI more effectively than pioglitazone, 
according to a 2017 meta-analysis of 11 randomised 
controlled trials comparing the two medications 
on reproductive and aesthetic outcomes in 643 
PCOS subjects. Recent research has examined 
other T2D drugs in women with PCOS, such as 
the SGLT-2 inhibitor empagliflozin, which, in a 
short study of women without diabetes, resulted 
in noticeably greater weight loss than metformin.85 
In non-diabetic women with PCOS, exenatide86 
and liraglutide looked to improve several glucose 
homeostasis markers more effectively when 
compared to metformin, and their incorporation 
with metformin appeared to have incremental 
advantages in that area.87 Last but not least, orlistat 
when thoroughly investigated in obese women with 
PCOS proudly standing out to be just as effective as 
metformin in promoting weight loss and metabolic 
enhancements.16

	 Supplementing with minerals, trace 
elements, and other supplements is still generally 
unauthenticated, despite the fact that supplement 
use has significantly expanded in recent years. 
According to two meta-analyses of published 
trials, BMI, fasting insulin, free testosterone, 
HOMA-IR, and HOMA-â appeared to improve 
when chromium supplementation was used for 
PCOS. Furthermore, in a meta-analysis of nine 
small randomized controlled trials, omega-3 fatty 
acid supplementation at doses of 900–4000 mg 
daily seemed to increase the HOMA-IR index; 
however, there was no information on T2D risk.88 

An amino acid called myoinositol has been studied 
in relation to glucose metabolism in women with 
PCOS. A 2017 meta-analysis of controlled trials 
found that it had a slight positive effect on fasting 
insulin and HOMA-IR, but no effect on glucose 
concentrations or BMI.89

PCOS Prevention and Treatment
	 A multidisciplinary team composed of 
a family doctor, gynecologist, endocrinologist, 
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dermatologist ,  pediatrician, nutrit ionist , 
psychiatrist, and psychologist should be used 
to treat PCOS. The primary line of treatment 
for PCOS is lifestyle changes since they are 
affordable. As an essential component of the 
treatment, recommendations call for calorie-
restricted diets and exercise therapy. According 
to clinical studies, losing even 5% of body weight 
can increase fertility, control menstruation, 
lower insulin and testosterone levels, minimize 
acne and hirsutism, and improve psychological 
health.7, 90 If altering one’s lifestyle is insufficient 
to relieve symptomatology, medical therapy is 
added. The most popular drugs for the long-term 
management of PCOS are oral contraceptive pills 
(OCP). The hypothalamic-pituitary-ovarian axis 
undergoes inhibition, thereby suppressing free 
testosterone levels, contributing to sex hormone-
binding  globulins, and diminishing luteinizing 
hormone (LH) releases. This treats menstrual cycle 
irregularities, alleviates acne and hirsutism, and 
treats symptoms brought on by hyperandrogenism. 
Low-dose oral contraceptive pills  along with 
neutral or anti-androgenic progestins are the most 
effective preference. Metformin, an oral biguanide 
anti-diabetic drug, has been suggested for the initial 
course of action for epidermal signs and issues 
related to conceiving in individuals with PCOS.7, 93 
It can also be used with clomiphene citrate to help 
people who are resistant to reproductive treatments 
achieve better results. Threading, waxing, plucking, 
bleaching, or shaving are examples of cosmetic/
local treatment, which is a medical or physical 
technique for hair removal. There are additional 
permanent hair-reduction methods including 
photoepilation, laser thermolysis, and electrolysis.94 
For anovulatory infertility, clomiphene citrate has 
been endorsed as the preliminary line course of 
therapy. Letrozole boasts a higher live birth rate 
than other ovulation induction drugs, hence using 
it should be prioritized in clinical management 
recommendations to improve fertility results. 
Exogenous gonadotropins, IVF, laparoscopic 
ovarian surgery, and laparoscopic methods that 
can induce ovulation are examples of second-line 
therapies.95

Discussion

	 Even though, insulin resistance (IR) holds 

a key position to the PCOS pathophysiology, it 
should not be reflected as a metabolically uniform 
condition. Their framework of diagnosis imparts 
itself reflects heterogeneity in its phenotypic 
characters that encompasses varying degrees of 
hyperandrogenism, ovulatory dysfunction, and 
polycystic ovarian morphology.96 Importantly, the 
IR magnitude and its clinical implications vary 
across its phenotypes. Although a substantial 
proportion of women with PCOS demonstrate 
inherent or obesity-exacerbated abnormalities in 
insulin signalling, systematic analyses indicate 
that insulin resistance is not present in all cases 
and varies considerably in its metabolic severity 
among affected individual.97 Women with obesity-
associated PCOS phenotypes are more likely to 
exhibit impaired â-cell compensatory capacity 
and an increased likelihood of progressing to 
type 2 diabetes mellitus (T2DM).98 In contrast, 
lean women with PCOS may demonstrate 
detectable abnormalities in insulin signaling 
without consistently developing dysglycemia, 
implying that preserved â-cell function, variations 
in adipose tissue distribution, or genetic factors 
may buffer against metabolic decline.97 Recent 
phenotype-oriented investigations further 
suggest that hyperandrogenism alone is not a 
reliable predictor of T2DM risk, as metabolic 
outcomes appear to result from the combined 
influence of adiposity, genetic predisposition, 
and environmental exposures.99 Taken together, 
these findings reinforce a phenotype-specific and 
multifactorial framework for metabolic progression 
in PCOS, highlighting the need for individualized 
risk assessment rather than presuming an inevitable 
evolution toward T2DM.

Conclusion

	 Women experiencing PCOS, or polycystic 
ovarian syndrome experience a significant 
likelihood of diagnosis of diabetes. It is perpetuated 
by hormonal imbalance, which is connected to the 
production of follicles and the insulin receptor. 
Despite the fact, the body generates an abundant 
amount of insulin, although some cells reject 
it, rendering these kinds of cells more prone to 
developing diabetes. According to a handful of 
studies, the sole group of females who enhance 
insulin resistance are the ones possessing polycystic 
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ovarian syndrome and protracted anovulation. 
Insulin resistance is consequently a distinguishing 
attribute of persistent anovulation syndrome. PCOS 
symptoms include irregular menstrual cycles, hair 
loss or thinning, acne, unusually heavy bleeding 
during periods, and mood swings. Management 
of polycystic ovarian syndrome should focus 
on reducing androgen-associated symptoms, 
maintaining endometrial stability, and lowering 
long-term diabetes risk.
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