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Abstract 

 

Polycystic ovary syndrome (PCOS) is the most prevalent endocrinopathy among women during 

reproductive age. PCOS is characterised by hyperandrogenaemia, hyperinsulinaemia, and 

deranged adipokines secretion from the adipose tissue. In addition to the reduced insulin 

sensitivity, PCOS women exhibit β-cell dysfunction as well. Low birth weight and foetal 

exposure to androgens may contribute to the development of the PCOS phenotype during life. 

Further metabolic complications lead to dyslipidaemia, worsening obesity and glucose tolerance, 

high prevalence of metabolic syndrome, and greater susceptibility to diabetes. PCOS women 

show age-related existence of hypertension, and subtle endothelial and vascular changes. 

Adverse reproductive outcomes include anovulatory infertility, and unrecognised potentiation of 

the hormone-dependent endometrial cancer. The main therapeutic approach is lifestyle 

modification. Metformin is the primary insulin-sensitising drug to be used as an adjuvant therapy 

to lifestyle modification in patients with insulin resistance and impaired glucose tolerance, as 

well as in those referred to infertility treatment. Thiazolidinediones should be reserved for 

women intolerant of or refractory to metformin, while GLP1 has a potential therapeutic use in 

obese PCOS women. Randomised clinical trials and repetitive studies on different PCOS 

phenotypes for the preventive actions and therapeutic options are still lacking, though.  
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1. Introduction  

Polycystic ovary syndrome (PCOS) is considered as the most common endocrinopathy in 

women of reproductive age. Women with PCOS are characterised by hyperandrogenaemia, 

hyperinsulinaemia, hypothalamic-pituitary-ovarian axis dysfunction, and deranged adipokines 

secretion from the adipose tissue. These specific alterations interact in different tissues, such as 

fat, liver, muscle and ovaries, resulting in a variety of phenotypes of the syndrome [1]. A recent 

survey showed that metabolic disorders, obesity, and type 2 diabetes (T2D) were recognised as 

the most important long-term concerns related to PCOS [2]. Moreover, longitudinal studies 

showed that worsening of insulin resistance (IR) over time in obese PCOS women is a risk factor 

for the early development of T2D [3].   

 

2. Diagnosis and prevalence of PCOS 

The diagnosis of PCOS is based on clinical grounds, while sets of criteria for defining it 

were put forward at two major expert conferences. The 1990 criteria, or the NIH criteria, require 

that both clinical hyperandrogenism and/or biochemical hyperandrogenaemia, together with 

chronic oligo-/anovulation be present [4]. The 2003 criteria, or the Rotterdam criteria, added the 

third major criterion, ultrasound presentation of polycystic ovaries, and require the presence of 

two of the three criteria in question: oligo-/anovulation, clinical and/or biochemical 

hyperandrogenism, and ultrasonographic ovarian morphology [5]. The change that the Rotterdam 

criteria brought about by including an ultrasound image of polycystic ovary led to the 

recognition of PCOS as a syndrome with a variety of complex clinical phenotypes with various 

outcomes. In order to reconcile the differences between these two sets of criteria, the obligatory 
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presence of hyperandrogenism was proposed by the Androgen Excess and PCOS Society in 2009 

[6]. 

Prevalence of PCOS varies depending on the criteria used and population analysed. It is 

estimated to range between 6% and 25% [4-6]. This suggests that a thorough understanding of 

PCOS pathophysiology and its association with reproductive and metabolic disturbances is 

essential for addressing women’s health and for expanding knowledge on how to treat this highly 

multifaceted syndrome [1].  

 

3. Pathophysiology of insulin resistance and hyperinsulinaemia in PCOS 

Insulin resistance refers to an increased amount of insulin needed to perform metabolic 

action. Besides metabolic effects, insulin exerts both mitogenic and reproductive actions. The 

complexity of the clamp technique and frequently-sampled i.v. glucose tolerance test with 

minimal model analysis have directed clinical researchers towards the use of fasting parameters 

of glucose homeostasis as surrogate measures of insulin resistance. Therefore, homeostatic 

model assessment, fasting glucose-to-insulin ratio, and quantitative insulin sensitivity check 

index have been developed and broadly used in clinical research, including metabolic studies in 

PCOS [7].   

Abdominal obesity contributes to insulin resistance in women with the syndrome [8, 9], 

possibly through subclinical inflammation [10]. It is not clear whether metabolically active intra-

abdominal adipose tissue is increased in PCOS. However, subcutaneous adipose tissue as a 

dysfunctional adipose tissue compartment represented by lower circulating adiponectin was 

found in PCOS, and was shown to be associated with IR [11]. Moreover, it is possible that lower 

adiponectin concentrations and accumulation of ectopic fat in the liver, skeletal muscle and 
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perimuscular tissue may play a unique role in the pathogenesis of IR in women with PCOS [12, 

13].  

 

3.1 Prevalence of the glucose metabolism disorders in PCOS 

3.1.1 Prevalence of insulin resistance  

Prevalence of IR in PCOS differs with respect to the method used. It ranges from 44% to 

70% when measured by using surrogate markers [14, 15]. Even when the glucose clamp method 

is used, some women with PCOS show normal insulin sensitivity [16] or low-level IR, which is 

also a characteristic of non-classical PCOS phenotypes according to the Rotterdam criteria [17]. 

Recent meta-analysis on the estimate of insulin sensitivity measured by the clamp method 

showed an intrinsic reduction of insulin sensitivity of 27% in PCOS patients independent of 

BMI. Moreover, the new findings revealed that BMI not only independently exacerbates IR in 

PCOS, but that it also has a greater impact on IR in PCOS than in controls. It was assumed that 

diagnostic criteria have a limited impact on IR in PCOS [18].  

3.1.2 Prevalence of deranged glucose metabolism 

The prevalence of impaired glucose tolerance (IGT) and T2D in women with PCOS has 

been assessed in large cross-sectional studies [19-21]. The IGT prevalence ranged from 23% to 

35%, while the T2D prevalence ranged from 4% to 10%. The prevalence rate of IGT in PCOS 

was 3-fold higher than in the healthy control women of similar age. The prevalence rate of 

undiagnosed T2D was 7.5- to 10-fold higher than the prevalence rate in NHANES II women [19, 

20].  

However, there is not much information related to the change in glucose tolerance that 

occurs over time in women with PCOS, primarily due to scarce clinical studies. A study on a 

significant cohort of Italian women with PCOS confirmed an increased risk of T2D during the 
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follow-up of over ten years. More specifically, the age-standardised prevalence of diabetes at the 

end of the follow-up was 39.3% in comparison to 5.8% in the general female population of 

similar age [22]. An Australian study on a small cohort of women with PCOS followed for less 

than ten years showed that 9% of initially normoglycaemic women with PCOS developed IGT, 

and further 8% of normoglycaemic PCOS women at baseline developed T2D. Moreover, 54% of 

women with PCOS that had IGT at baseline developed T2D during the follow-up. It was 

suggested that BMI at baseline represents a significant independent predictor of adverse change 

in glycaemic control later in life [23]. All these data suggest that women with PCOS, especially 

if overweight and obese, should be checked regularly with regard to the existence of deranged 

glucose metabolism. 

 

3.2 Mechanisms of insulin action and resistance in PCOS 

Insulin binds itself to its cell surface receptor, which is structurally homologous to the 

insulin-like growth factor-1 (IGF-1) receptor [24]. Insulin stimulates glucose uptake by 

increasing the translocation of the insulin responsive glucose transporter 4 (GLUT4) from 

intracellular vesicles to the cell surface. This pathway is mediated by the activation of 

phosphatidylinositol 3-kinase (PI3-K), while cell growth and differentiation is mediated through 

the MAPK-ERK pathway that stimulates a cascade of enzymes, including serine/threonine, Raf, 

MAPK and MAPK-ERK1/2 [7]. 

A  non-classic model, which involves in vitro experiments on skin fibroblasts, provided 

an insight into the cellular and molecular mechanisms of insulin action in PCOS [25]. Also, in 

vitro experiments on adipocytes and skeletal muscle, which are classic glucose uptake insulin 

target tissues, showed an increase of subcutaneous adipocytes in both lean and obese women 
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with PCOS. Although adipocyte insulin receptor number or affinity in PCOS subjects was 

similar to the controls [8], a decreased insulin receptor β-subunit abundance has been reported in 

visceral adipose tissue in women with the syndrome [26]. An increase in the half-maximum 

(ED50) for insulin-mediated glucose uptake indicating a decrease in insulin sensitivity was the 

most consistent defect in adipocyte insulin action in PCOS, accompanied by the decreased 

insulin-stimulated glucose transport and insulin responsiveness [8, 27]. These effects might be 

mediated through post-receptor events, such as a decrease in the abundance of GLUT4 in 

adipocytes from subcutaneous tissue [26]. 

Apart from the reduced insulin sensitivity, women with PCOS exhibit defective β-cell 

function expressed as a reduced disposition index in the absence of glucose intolerance [28]. 

However, there is an unresolved issue as to whether β-cell dysfunction is secondary to IR and a 

result of progressive β-cell exhaustion, or a primary defect. Therefore, serum proinsulin was 

recognised as a potential marker of metabolic dysfunction. More specifically, normoglycaemic 

subjects with IR demonstrated a decrease in the proinsulin-to-insulin (PI/I), while those with 

T2D had an increased PI/I ratio [29]. Therefore, PI/I ratio could be a marker of the progression 

of IR from enhanced activity of β-cells to their failure and glucose intolerance.  It has been 

shown that oral glucose load in overweight and obese women with PCOS causes an increase in 

both phases of insulin secretion, which is followed by an increase in proinsulin levels, thus 

reflecting the IR state and compensatory hyperinsulinaemia. Moreover, this could result in 

enhanced pre-proinsulin mRNA processing and increased proinsulin to insulin conversion [30], 

thus being a PCOS-related defect in β-cell function [28].  

PCOS is a highly hereditary condition, with an approximate 70% concordance in 

monozygotic twins, which suggests a genetic contribution to its pathogenesis [7]. It has been 
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shown that both male and female first-degree relatives of PCOS subjects have reproductive and 

metabolic abnormalities. More specifically, glucose-stimulated hyperinsulinaemia develops as 

early as at the age of four and persists throughout puberty in girls with such heredity [31]. 

Moreover, insulin resistance and β-cell dysfunction in such premenarchal girls aged between 8 

and14 years was shown using fasting indices of insulin resistance and insulin responses during 

i.v. glucose tolerance test for the assessment of β-cell function [32]. A longitudinal follow-up of 

peripubertal adolescent girls whose mothers had PCOS showed a significantly decreased 

disposition index that persisted over 2 years, which suggested a defect in pancreatic β-cell 

function [33]. The association of the type 2 diabetes TCF7L2 susceptibility locus with the 

evidence of β-cell dysfunction in adult PCOS women might be one possible genetic cause [34]. 

Moreover, it is thought that epigenetic modifications, like those of PDX1 gene involved in the 

regulation of pancreatic development, might be associated with the β-cell dysfunction in girls 

that are first-degree relatives of subjects with PCOS [33]. Another possible genetic cause of IR in 

PCOS could be a high expression of SH2 domain containing adaptor protein (Lnk) in ovarian 

cell lines of PCOS women, which inhibits phosphatidylinositol 3 kinase-AKT and MAPK-ERK 

signalling response to insulin [35].  

 

3.3 Exposure to androgens and the development of insulin resistance  

It was suggested that clinical features of PCOS could evolve from genetically determined 

hypersecretion of androgens by the ovary, which starts during the foetal period as a consequence 

of excess androgen exposure, either during this vulnerable period, or at puberty [36]. Exposure to 

androgens during the foetal development and growth could influence the programming of the 

hypothalamo-pituitary unit, which in turn leads to excess luteinising hormone hypersecretion, the 
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development of abdominal obesity with consequent IR, and anovulation [37]. Early adrenal 

androgen secretion is clinically presented as premature pubarche, and it includes several 

components also present in PCOS, such as insulin resistance and visceral adiposity, which 

contribute to the development of PCOS in adolescence and adulthood [38]. Next, changes in 

glucocorticoid metabolism and signalling in the visceral adipose tissue may contribute to the 

disturbances of lipid metabolism obtained by 5α-dihydrotestosterone (DHT) in the animal model 

of PCOS: the increased expression of GR-regulated prolipogenic genes, i.e. lipin-1, sterol 

regulatory element binding protein 1, fatty acid synthase, leads to adipocyte hypertrophy in the 

visceral adipose tissue, which may cause consequent metabolic disturbances associated with 

PCOS. [39]. Furthermore, prenatal androgen overexposure has a direct and permanent effect on 

the developing female offspring, with a consequent increase in β-cell number. This provokes 

altered pancreatic islet function with consequent primary hyperinsulinaemic response to glucose, 

which implies future metabolic derangements [40].  

PCOS was more frequently observed in women with T2D [41] and type 1 diabetes, 

regardless of the body composition [42]. These clinical observations might imply the causative 

effect of either endogenous or exogenous hyperinsulinaemia on the increased ovarian androgen 

production in diabetic women [43]. With respect to aging PCOS women, IR was predominantly 

observed in obese, but not in lean and overweight subjects. At the same time, the decline in 

androgen levels over time was confirmed, and in the reproductive period, a better metabolic 

profile might be expected in non-obese women with PCOS [44].  

 

3.4 Phenotypes of PCOS and relation to insulin resistance 
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Based on the Rotterdam diagnostic criteria, [5] four different phenotypes of PCOS have 

been identified: Type A:  Hyperandrogenism [H], chronic anovulation [CA] and polycystic 

ovaries  [PCO]; Type B: Hyperandrogenism [H] and Chronic anovulation [CA]; Type C:  

Hyperandrogenism [H] and polycystic ovaries [ PCO], and Type D: Chronic anovulation [CA] 

and polycystic ovaries [PCO]. The identification of specific phenotypes in women with PCOS 

seems to be justified from the metabolic point. With respect to metabolic profile and CV risk 

factors, several studies have suggested that women with PCOS diagnosed using the NIH criteria 

[4] exhibit a more adverse metabolic profile in comparison to the milder phenotypes [45]. More 

precisely, women with classic PCOS are more obese and typically have central type of obesity, 

displaying more prevalent dyslipidaemia, IR and metabolic syndrome. Moreover, women with 

phenotype A appear to be more insulin resistant and have more pronounced hyperandrogenaemia 

than women with phenotype B. Nevertheless, even the milder phenotype D has prevalent MetS 

and is characterised by IR when obesity is present, even in the absence of hyperandrogenaemia. 

In contrast, women with phenotype C do not appear to differ in markers of IR from BMI-

matched controls, which might be related to a lower cardiovascular risk due to the lack of IR [46, 

47]. An important issue which still remains unresolved is how PCOS phenotypes evolve with 

aging [48].  

 

3.5 Dyslipidaemia, oxidative stress and insulin resistance in PCOS 

Dyslipidaemia is the most prevalent metabolic aberration in PCOS, which is most 

frequently represented by atherogenic dyslipidaemia typical of the states of IR – namely, 

hypertriglyceridaemia, decreased HDL cholesterol levels, and increased small, dense LDL 

cholesterol [49]. A recent lipidomic study on a small cohort of PCOS women, which was further 
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validated on the PCOS rat model, showed that in comparison to healthy women, both lean and 

obese PCOS women had abnormal levels of phosphatidylcholine, free fatty acids and 

polyunsaturated fatty acids (PUFAs). It was shown that insulin and androgens may have 

opposing effects on lipid profiles in PCOS patients, particularly on the bioactive lipid 

metabolites derived from PUFAs [50].  

The existence of oxidative stress characterised by an increased production of free radicals 

followed by decreased serum total antioxidant levels was confirmed even in young, non-obese 

PCOS women [51]. Further investigation showed that non-obese PCOS women are prone to 

oxidative stress induced by hyperglycaemia during oral glucose tolerance test, but this does not 

apply to the direct effect of hyperinsulinaemia during clamp. Moreover, elevated levels of 

protein oxidative damage markers, nitrotyrosine and uric acid levels, as well as decreased 

antioxidant glutathione-peroxidase activity are associated with IR in those women [52]. 

Furthermore, oxidative stress in PCOS may participate in systemic inflammation, and taken 

together with IR and consequent hyperinsulinaemia, it may influence ovarian thecal 

compartment and endothelial cells, resulting in hyperandrogenism, anovulation and CV disorders 

[53].  

 

3.6 Liver steatosis, NAFLD and insulin resistance in PCOS  

Non-alcoholic fatty liver disease (NAFLD) is characterised by an increased accumulation 

of fat in the liver, and is a risk factor for developing both T2D and CVD [54]. Obesity and 

insulin resistance appear to represent key contributing factors for NAFLD. More specifically, IR 

is associated with impaired suppression of lipolysis in the adipose tissue, leading to an increased 

influx of free fatty acids into the liver, and steatosis [55]. NAFLD is prevalent in women with 
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PCOS, and IR indices paired with lipid accumulation product, which is an indicator of 

unfavourable metabolic consequences of abdominal obesity, were found to be independently 

associated with NAFLD [56].  

 

4. PCOS, hyperinsulinaemia and cardiovascular risk 

Current epidemiological data suggest an increased prevalence of classic and non-classic 

CV risk factors in women with different PCOS phenotypes by the Rotterdam definition. 

Phenotypic variability – ovulatory function and hyperandrogenism in particular – appears to 

influence CV and metabolic risks the most, as recent studies have shown [57]. Insulin resistance 

of the arterial endothelial cells is associated with reduced synthesis and release of nitric oxide 

(NO), enhanced inactivation of NO after its release from endothelial cells, and increased 

synthesis of vasoconstricting agents, leading to increased vascular stiffness and impaired 

vasodilatory action of insulin, as demonstrated in women with PCOS [58]. Moreover, 

hyperinsulinaemia exerts a direct hypertrophic effect on the vascular endothelium and the 

vascular smooth muscle cells, and in concert with IR it stimulates endothelin-1 production, thus 

exaggerating endothelial dysfunction [59]. An impaired endothelial function assessed by flow 

mediated dilation of the brachial artery was already confirmed at an early age. In addition to the 

early functional impairment of the vascular wall, the morphologic signs of early atherogenesis 

(for instance, the increased intima-media thickness of carotid arteries) are highly prevalent in 

young women with PCOS [60]. Clinical observations on endothelial dysfunction in PCOS 

women were confirmed using an animal model, in which dihydrotestosterone pellets causing IR 

were implemented in prepubertal rats [61].  
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5. Insulin and reproductive issues in PCOS 

5.1 Effects of insulin on granulosa cells 

Supraphysiological doses of insulin were shown to cause an augmentation of oestrogen 

and progesterone production in PCOS women. These effects are mediated by the insulin 

receptor, and could lead to increased steroidogenesis, derangement in granulosa cell 

differentiation, and arrest of follicle growth [62]. Although it was possible to improve insulin 

activity in cultured granulosa cells of PCOS women with troglitazone treatment, an enhancement 

of the mitogenic pathway mediated by IGF-1 also occurred [63]. Moreover, an enhanced 

expression of IGF-1 receptor was observed in early preantral PCOS follicles. More accurately, 

the expression of type 1 IGF receptor (IGFR-1) mRNA and IGFR-1 protein was found in 

preantral follicles in all stages of development. It was shown recently that impaired cortisol 

activity in granulosa cells and follicular fluid in ovaries of women with PCOS and IR could 

cause further aggravation of tissue specific IR [64].  

 

5.2 Insulin and endometrial cancer in PCOS 

High prevalence of IR and hyperinsulinaemia in PCOS women have been associated with 

increased aggressiveness of endometrial cancer (EC), and are considered as high-risk factors for 

the oestrogen-independent development of EC [65]. An increased expression of insulin receptor 

implies direct involvement of insulin signalling in promoting carcinogenesis and the 

development of EC. This might be mediated through mitogenic action or other metabolic effects 

of insulin, including expression of key proteins involved in insulin action at endometrial level, 

and an impaired glucose uptake due to the impairment of GLUT4 translocation to the cell surface 

[66]. Moreover, when insulin receptor and IGF-1 receptor are co-expressed in endometrium, 
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their signalling pathways might cross-talk and synergistically contribute to EC development in 

PCOS [67]. 

 

6. Therapeutic options for insulin resistance in PCOS 

6.1 Weight reduction and physical activity  

Lifestyle modification, including diet and exercise, is the key metabolic strategy for 

PCOS women with abdominal obesity. Androgen excess in PCOS women induces abdominal fat 

deposition that consequently aggravates IR and leads to compensatory hyperinsulinism, further 

enhancing ovarian androgen secretion. Hence, therapeutic strategies are oriented towards 

reducing weight and excluding deleterious metabolic effects of abdominal adiposity, leading to a 

consequent improvement in both metabolic comorbidities and reproductive outcomes in PCOS 

women [68]. Although there is no clear recommendation about the composition of the diet for 

PCOS women, even a moderate and short-lasting reduction in carbohydrate intake could reduce 

fasting insulin, which is in turn followed by the amelioration of both insulin sensitivity and the 

first phase of β-cell response [69].  

It was postulated that exercise could ameliorate metabolic, hormonal and reproductive 

indices of women with PCOS. Similarly to the dietary regimens, there are no established 

programmes for the physical training in these women [68]. Combination of dietary adjustments 

and physical activity, which was mainly followed by physical activity in the extension period, 

generally resulted in weight reduction and full recovery of PCOS clinical characteristics in a 

significant proportion of the women affected [70].  

 

6.2 Pharmacological intervention  
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Insulin-sensitising drugs, such as metformin, pioglitazone and inositol isoforms, have 

been introduced as therapeutic options in PCOS, targeting metabolic and reproductive 

abnormalities. Mechanism of action of metformin is directed to the improvement of insulin 

sensitivity in the liver and peripheral tissues, and to ovarian steroidogenesis. However, 

metformin increases insulin sensitivity in women with PCOS without diabetes, and exerts 

pleiotropic actions on several other tissues affected by IR, such as skeletal muscles, adipose 

tissue, endothelium and ovary [71]. Long-term metformin treatment in PCOS women could 

increase the ovulation rate, improve menstrual cyclicity, and reduce serum androgen levels. 

Therapy with clomiphene citrate alone is superior to metformin alone with regard to live birth 

rate and ovulation, while combination therapy is superior to clomiphene alone for ovulation 

induction and achieving pregnancy in PCOS [72]. It was shown recently that metformin use 

during pregnancy in PCOS women is not related to a higher incidence of foetal abnormalities 

and foetal birth weight [73]. However, from the metabolic point, metformin has no effect on 

fasting glucose, serum lipids, and anthropometric parameters, although it may delay the 

progression of glucose intolerance in women with PCOS [74].  

There are only a few clinical trials on the use of other insulin-sensitising drugs in PCOS 

women. Pioglitazone and rosiglitazone are thiazolidinediones (TZDs) that have been shown to 

improve insulin resistance and impaired glucose tolerance, hyperandrogenaemia, as well as 

menstrual regularity and ovulation rate in PCOS women. It was shown that the addition of 

pioglitazone in metformin-resistant PCOS women significantly ameliorates metabolic and 

hormonal defects, which suggests that this combination of drugs is beneficial for the 

management of PCOS women with more severe phenotypes [75]. However, TZDs carry a 

teratogenic risk, and should not be prescribed to women desiring pregnancy [76].  
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Inositol, being a second messenger producing an insulin-like effect on metabolic 

enzymes, is considered to be a potential novel insulin-sensitising agent in PCOS women. A 

recent study highlights that oral administration of myo-inositol, alone or in combination with D-

chiro-inositol is capable of restoring spontaneous ovulation and improving fertility in women 

with PCOS [77]. However, general conclusions regarding the use of inositol are still lacking. 

Rare clinical studies using glucagon-like peptide 1 (GLP1) analogues, i.e. exenatide [78] 

and liraglutide [79] in combination with metformin showed an improvement in metabolic 

parameters and additional weight loss in obese subjects with PCOS. However, repetitive studies 

and randomised clinical trials that confirm the supposed clinical efficacy of the aforementioned 

classes of drugs in women with PCOS are still lacking.  

 

7. Conclusion 

Insulin resistance and compensatory hyperinsulinaemia are considered to be highly 

prevalent among women with PCOS. It is assumed that the origins of insulin resistance are 

related to foetal androgenisation, and that it may be inherited. Therefore, constant efforts are 

being made to understand this complex pathogenetic network including developmental origins of 

the syndrome, obesity, and insulin resistance. Major consequences of PCOS induce further 

metabolic derangements and adverse reproductive outcomes. Metabolic complications lead to 

dyslipidaemia, worsening obesity and glucose tolerance, high prevalence of metabolic syndrome, 

and greater susceptibility to diabetes. Cardiovascular complications are mainly related to the age-

related existence of hypertension, and subtle endothelial and vascular changes that are linked to 

hyperinsulinaemia and markers of insulin resistance. Moreover, the syndrome is associated with 

a substantial CV risk, which has not been fully confirmed in longitudinal studies. Adverse 
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reproductive outcomes include anovulatory infertility, and unrecognised potentiation of the 

hormone-dependent endometrial cancer. Numerous preventive actions and therapeutic options 

for the treatment of hyperinsulinaemia and insulin resistance have failed to show clinical 

significance due to a small number of patients treated, as well as to the lack of randomised 

clinical trials and repetitive studies on different PCOS phenotypes and populations.  
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