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The diagnosis of PCOS per se does not signify an increased CV risk, but rather represents 
the condition with existing CV risk factors that needs further evaluation, which would 

provide a more accurate CV risk assessment.

Besides the clinical features of hyperandrogenism (hirsutism, acne, male-type baldness), 
oligo-/ amenorrhea and impaired fertility, PCOS patients are at risk of cardio-metabolic 

disorders.
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Cardiometabolic risk factors in PCOS.

Expert review of endocrinology & metabolism. 2019 Jan 2;14(1):23-33.
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Insulin resistance and diabetes

Reprod Med Biol. 2022;21:e12487.



• IR (detected in 75% of lean women and 95% of overweight/obese women with PCOS).

• Hyperinsulinemia also plays a vital role in the pathogenesis of PCOS.

• IR results in the requirement for increased insulin to achieve it’s metabolic action.

• As a consequence, IR is often characterized by increased circulating levels of insulin, both basally

and in response to a glucose load, given pancreatic β-cell function is intact.

Human Reproduction, Vol.31, No.11 pp. 2619–2631, 2016



Gynecological Endocrinology. 2016 May 3;32(5):343-53.



Gynecological Endocrinology. 2016 May 3;32(5):343-53.



Journal of endocrinological investigation. 2021 Feb;44:233-44.



Journal of endocrinological investigation. 2021 Feb;44:233-44.



• Studies about the prevalence of IGT and DM2 between women with and without PCOS showed

that those with PCOS were about three times more likely to have IGT/DM2, compared to controls.

• Obesity and family history of DM2 are considered independent and additive risk factors, which

increase the risk of IGT and DM2 among affected women.

Expert review of endocrinology & metabolism. 2019 Jan 2;14(1):23-33.



Polycystic ovary syndrome is a risk factor for diabetes and prediabetes in middle-aged but not elderly women: a 
long-term population-based follow-up study

Hadighe Kazemi Jaliseh, Ph.D.,a Fahimeh Ramezani Tehrani, M.D.,b Samira Behboudi-Gandevani, Ph.D.,b Farhad Hosseinpanah, M.D.,c Davood Khalili, M.D., M.P.H., Ph.D.,d,f
Leila Cheraghi, M.S.,d and Fereidoun Azizi, M.D.

Fertility and sterility. 2017 Dec 1;108(6):1078-84.
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• Dyslipidemia in PCOS could occur due to a combination of excess production of triglyceride-rich

lipoproteins as well as an increased breakdown of high-density lipoproteins.

• These abnormalities are mostly considered to be a result of IR as well as the impact of excess

visceral and hepatic fat.

Expert review of endocrinology & metabolism. 2019 Jan 2;14(1):23-33.



• Types of dyslipidemia in PCOS:

• Most studies report decreased HDL cholesterol and increased triglyceride levels, the same lipid profile

known to be associated with IR.

• Women with PCOS were found to have higher mean serum triglyceride and very-low-density-lipoprotein

(VLDL) levels, but lower HDL values than control women.

• Some studies demonstrated that women with PCOS exhibited increased TC and LDL levels.

Expert review of endocrinology & metabolism. 2019 Jan 2;14(1):23-33.

Dyslipidemia 
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Hypertension 

• Insulin resistance and hyperandrogenism are critical etiological factors underpinning the

development of systemic arterial hypertension in PCOS.

• Recent evidence suggests that androgens play only a subtle role in the pathogenesis of

hypertension and that this may be more an indirect role through increasing IR.



• Experimental models have postulated that androgen levels may directly control the renin–

angiotensin system of the proximal renal tubule and increase reabsorption flow rate, thereby

increasing extracellular volume and blood pressure.

• It is also postulated that hyperandrogenism may lead to hypertension by increasing the production

of angiotensinogen in the kidneys.

• Visceral adipose cells are characteristically present in higher amounts in the more severe

phenotypes of PCOS and release several inflammatory cytokines and adipokines that may inhibit

the subcutaneous production of adiponectin, possibly contributing to endothelial dysfunction

leading to hypertension.
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Metabolic syndrome 

Obesity reviews. 2019 Feb;20(2):339-52.
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1. Sympathetic nervous system :

• Activation of the sympathetic nervous system has an adverse impact on cardiac structure and function

among patients with essential hypertension in the general population.

• Studies report an increased production of ovarian nerve growth factor (a marker of sympathetic nervous

system (SNS) activity), greater muscle sympathetic nerve activity, reduced sensitivity to catecholamine-

induced lipolysis in subcutaneous fat cells and enhanced visceral fat lipolysis among women with PCOS.

• These studies support a possible link between SNS activity with cardiometabolic complications among

women with PCOS.

Expert review of endocrinology & metabolism. 2019 Jan 2;14(1):23-33.



2. Chronic inflammation and oxidative stress

• Studies have reported lower levels of anti-inflammatory markers along with an increase in

proinflammatory markers such as C-reactive protein (CRP) among women with PCOS compared to

controls potentially indicative of a state of chronic inflammation.

• Moreover, direct markers of inflammation such as homocysteine or asymmetric dimethylarginine,

associated with cardiovascular morbidity and mortality, have also been identified in association with

PCOS.

Expert review of endocrinology & metabolism. 2019 Jan 2;14(1):23-33.



Middle East Fertility Society Journal. 2023 Dec 12;28(1):33.



3. Vitamin D deficiency

• Vitamin D plays a crucial role in the modulation of innate and adaptive immune response in various

inflammatory and autoimmune diseases.

• There have also been studies reporting an inverse association of vitamin D and pro-inflammatory

markers such as CRP.

Expert review of endocrinology & metabolism. 2019 Jan 2;14(1):23-33.



Clinical endocrinology. 2012 Sep;77(3):343-50.
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• Subclinical CVD:

• Past studies in premenopausal women have shown that higher free testosterone levels were associated

with a greater relative coronary artery calcium (CAC) progression ratio, a measure of subclinical

atherosclerosis.

• Other studies have demonstrated a greater prevalence of CAC and significantly higher CAC score in

premenopausal and postmenopausal women with PCOS, even after adjusting for age and BMI.

• Women with PCOS also have greater carotid intimal medial thickness.

Trends in cardiovascular medicine. 2020 Oct 1;30(7):399-404.





Challenges in Studying the Association Between PCOS and CVD

1. Using different diagnostic criteria (sometimes self reported)

2. Consider only a single PCOS diagnosis without considering PCOS subtypes.

3. Using a variety of CVD outcomes (even hypertension)

4. Using a range of data sources to ascertain CVD events (including International Classification of Diseases

codes, self-reported results, death certificates)

5. The age of the women

Finally, it has been unclear, based on observational studies, whether the association between PCOS and CVD is 
mediated entirely through traditional risk factors or independently associated with increased risk.

Expert review of endocrinology & metabolism. 2019 Jan 2;14(1):23-33.
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At age 46

European Journal of Endocrinology, 2023, 189, 96–105
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We also found that the risk for MACE already started to deviate from the control women during early adulthood and 
that the increased risk of CVD was independent of BMI. 

These findings indicate that PCOS should be considered a major risk factor for CVD.



Gynecol Endocrinol. 2020 Jan;36(1):12-23.
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The Prevalence of Polycystic Ovary Syndrome, Its Phenotypes and Cardio-Metabolic 
Features in a Community Sample of Iranian Population: 

Tehran Lipid and Glucose Study
Mahbanoo Farhadi-Azar1, Samira Behboudi-Gandevani2*, Maryam Rahmati1, Fatemeh Mahboobifard1,3, Ensi Khalili Pouya4, Fahimeh Ramezani Tehrani1

and Fereidoun Azizi

Frontiers in Endocrinology. 2022 Mar 1;13:825528.
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Postmenopausal changes in cardiometabolic risks

The Journal of Clinical Endocrinology & Metabolism. 2023 Oct 27
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Healthcare professionals and women with PCOS should be aware that, regardless 
of age and BMI, women with PCOS have an increased risk of impaired fasting 

glucose, impaired glucose tolerance, and type 2 diabetes.

Glycaemic status should be assessed at diagnosis in all adults and adolescents with 
PCOS.

Glycaemic status should be reassessed every 1-3 years, based on additional 
individual risk factors for diabetes.

Healthcare professionals, women with PCOS, and other stakeholders should 
prioritize preventative strategies to reduce type 2 diabetes risk.

Diabetes general population guidelines should consider the inclusion of 
PCOS as an independent risk factor for diabetes.

Screening for 
cardiovascular 

risk factors 
(IGT & DM)

European journal of endocrinology. 2023 Aug;189(2):G43-64.

Women with type 1 and type 2 diabetes have an increased risk of PCOS, 
and screening should be considered in individuals with diabetes.



Healthcare professionals and women with PCOS should recommend the 75-g oral 
glucose tolerance test (OGTT) as the most accurate test to assess glycaemic status 

in PCOS, regardless of BMI.

If an OGTT cannot be performed, fasting plasma glucose and/or glycated 
haemoglobin (HbA1c) could be considered, noting significantly reduced accuracy.

An OGTT should be considered in all women with PCOS and without pre-
existing diabetes, when planning pregnancy or seeking fertility treatment. 

If not performed preconception, an OGTT could be offered at the first prenatal 
visit and all women with PCOS should be offered the test at 24-28 weeks 

gestation.

Screening for 
cardiovascular 

risk factors 
(Glycemic testing)

European journal of endocrinology. 2023 Aug;189(2):G43-64.

Insulin resistance is a pathophysiological factor in PCOS; however, clinically 
available insulin assays are of limited clinical relevance and are not 

recommended in routine care 



Women with PCOS should be considered at increased risk of cardiovascular 
disease and potentially of cardiovascular mortality, acknowledging that the 

overall risk of cardiovascular disease in pre-menopausal women is low.

All women with PCOS should be assessed for cardiovascular disease risk 
factors.

All women with PCOS, regardless of age and BMI, should have a lipid 
profile (cholesterol, LDL, HDL, and triglyceride levels) at diagnosis. 
Thereafter, the frequency of measurement should be based on the 

presence of hyperlipidaemia and additional risk factors or global 
cardiovascular risk.

All women with PCOS should have blood pressure measured annually and 
when planning pregnancy or seeking fertility treatment, given the high 

risk of hypertensive disorders in pregnancy and the associated 
comorbidities.

Cardiovascular general population guidelines could consider the inclusion of 
PCOS as a cardiovascular risk factor.

Screening for 
cardiovascular 

risk factors
(CVD risk) 

European journal of endocrinology. 2023 Aug;189(2):G43-64.
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Metformin 

• Metformin use in obese PCOS women not undergoing lifestyle changes has been shown not to induce or only

minimally induce (2.7 kg or 2.9%) weight loss.

• Studies have shown that the combination of metformin and lifestyle changes in obese PCOS women produce

slightly more weight loss and a significantly higher reduction in visceral fat than lifestyle changes alone, with

the effect of metformin on inducing weight loss being dose dependent.

• Conflicting results exist concerning the effect of metformin on lipid profiles in PCOS patients.

Gynecol Endocrinol. 2018 Feb;34(2):87-91.



BMI

International journal of endocrinology. 2020;2020.

Waist circumference 
Fasting Insulin



Fasting Blood Glucose

International journal of endocrinology. 2020;2020.

HOMA-IRLow Density LipoproteinHigh Density LipoproteinTriglyceride



Metformin alone should be considered in adults with PCOS and a BMI ≥ 25 kg/m2 
for anthropometric and metabolic outcomes including insulin resistance, glucose, 

and lipid profiles.

Where metformin is prescribed, the following need to be considered:
• Active lifestyle intervention should be encouraged. Women should be

informed that metformin and active lifestyle intervention have similar
efficacy.

• Mild adverse effects, including gastrointestinal side-effects, are generally
dose dependent and self-limiting.

• Starting at a low dose, with 500 mg increments 1-2 weekly and extended-
release preparations, may minimize side effects and improve adherence.

• Suggested maximum daily dose is 2.5 g in adults and 2 g in adolescents.

• Use may be associated with low vitamin B12 levels, especially in those with
risk factors for low vitamin B12 (eg, diabetes, post bariatric/metabolic
surgery, pernicious anaemia, and vegan diet), where monitoring should be
considered.

Metformin 

European journal of endocrinology. 2023 Aug;189(2):G43-64.



Statins

The Journal of Clinical Endocrinology & Metabolism. 2010 May 1;95(5):2038-49.

• Several studies have shown that, in women with PCOS, statins diminish IR and inflammation, lower

serum total and free testosterone levels, and improve endothelial dysfunction. However, due to

teratogenicity, and contraception is required.

• In selected patients with severe dyslipidemia that is not adequately corrected by lifestyle modification

and statins, dual pharmacotherapy may be required.

• Statins combined with a fibrate may be necessary when hypertriglyceridemia and low HDL levels

coexist.

• Fenofibrat is preferred because of fewer drug interactions and the decreased risk of myopathy.

• Omega-3 fatty acids (4 g daily, pharmacy grade) are Food and Drug Administration (FDA) approved for

serum triglyceride levels greater than 500 mg/dl.



• Meta-analysis showed significant decline of total testosterone, free testosterone, dehydroepiandrosterone

sulphate, androstenedione, luteinizing hormone (LH), LH to follicle-stimulating hormone (FSH) ratio, and

prolactin in statin group.

• Our study also demonstrated significant decline of total cholesterol, low-density lipoprotein cholesterol, and

triglycerides in statin group.

• Moreover, we found significant decline of fasting glucose, insulin sensitivity index, and high-sensitivity C-

reactive protein.

J Obstet Gynaecol Res. 2022 Jul;48(7):1806-1815



Oral contraceptive pills (OCPs)

• OCPs deteriorate the cardiovascular risk and metabolic profile and therefore their use in PCOS

women is a matter of concern.

• The impact of OCPs on glucose metabolism depends on several factors: estrogen dose, body type

and genetic predispositions of the patient, progestin component of the OCP, environment, and the

natural progression of PCOS in each particular patient.

• Estrogen has been shown to impair insulin action in a dose dependent manner.



• The nature of the progestin component of an OCP, such as whether it is androgen-like or not, also

influences metabolic parameters.

• Studies have shown that those progestins with androgen-like effects increase abdominal visceral fat.

• Considering lipid profile, increased TG levels are the most common side effect of OCP use in women

with PCOS, irrespective of age and BM.

• The estrogen component is thought to cause this by lowering TG clearance by the liver.

• However, the estrogen component also has the beneficial effect of raising HDL-C by increasing the

hepatic expression of the apoliprotein A–I gene, which in turn enhances HDL-C production.



Anti androgens

European journal of endocrinology. 2017 Nov;177(5):399-408.
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Anti-obesity medications, including liraglutide, semaglutide, and both glucagon-
like peptide-1 (GLP-1) receptor agonists and orlistat, could be considered, in 

addition to active lifestyle intervention, for the management of higher weight in 
adults with PCOS as per general population guidelines.

Healthcare professionals should ensure concurrent effective contraception when 
pregnancy is possible for women who take GLP-1 receptor agonists, as pregnancy 

safety data are lacking.

Gradual dose escalation for GLP-1 receptor agonists is recommended to 
reduce gastrointestinal adverse effects. 

Anti obesity 
medications

European journal of endocrinology. 2023 Aug;189(2):G43-64.

Different studies have shown improvement in menstural cycles and the 
rate of natural pregnancies along with positive cardiometabolic effects.



Sodium glucose cotransporter 2 inhibitors  

J. Clin. Med. 2024, 13, 1056



Table 1. Key characteristics of the randomized controlled trials that utilized SGLT2 inhibitors in women with PCOS.

J. Clin. Med. 2024, 13, 1056



Table 2. Comparison of the Changes in Hormonal Parameters in the trials that used SGLT2 inhibitors in women with PCOS.
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