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Key content
� The risk factors for metabolic syndrome include central obesity,

hypertension, atherogenic dyslipidaemia and insulin resistance.

Metabolic syndrome affects 33% of women with polycystic ovary

syndrome (PCOS) and has been less well researched than other

features such as infertility, anovulation and hirsutism.
� Consequences of metabolic syndrome include cardiovascular

disease, type II diabetes, cancer, sleep apnoea and

psychological problems.
� Cardiometabolic risk screening involves obtaining data on smoking

history, weight, body mass index, waist circumference, blood

pressure, lipid profile, and taking an oral glucose tolerance test.
� Management of metabolic syndrome should focus on risk factors

and individual components. Lifestyle modification is the only

recommended intervention at present.

Learning objectives
� To know the pathogenesis and consequences of metabolic

syndrome in women with PCOS.
� To understand the diagnostic criteria and screening procedures

for metabolic syndrome.
� To learn how to manage metabolic syndrome in women

with PCOS.

Ethical issues
� Potential preventive long-term medication raises two issues:

duration of therapy and unwarranted adverse effects.
� Advocating bariatric surgery without availability of robust

evidence in PCOS women.
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polycystic ovary syndrome
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Introduction

Metabolic syndrome includes central obesity, hypertension,

insulin resistance and atherogenic dyslipidaemia. Understand-

ing metabolic syndrome involves two concepts: cardiovascular

factors and endocrinological factors, with emphasis on insulin

resistance and its sequelae.

Polycystic ovary syndrome (PCOS) affects 10–18% of

women of reproductive age.1 Insulin resistance (IR) appears

to be important in the pathogenesis of PCOS and subsequent

metabolic syndrome. The prevalence of metabolic syndrome

is as high as 33% in women with PCOS, and is associated

with long-term consequences such as cardiovascular disease

(CVD), diabetes type II, cancers, sleep apnoea and

psychological problems. Conventionally, management of

PCOS has focused on infertility, anovulation and hirsutism;

thus, there is a need to increase clinicians’ awareness of

metabolic syndrome. The enormity of the health burden of

metabolic syndrome means that accurate identification and

timely intervention are extremely important.

This review focuses on metabolic syndrome in PCOS: its

pathogenesis, consequences, diagnostic criteria, screening

and management.

Pathogenesis

Intense research and clinical studies have focused on

unravelling the evolution of metabolic syndrome in PCOS.

Multiple mechanisms have been proposed. Complex

systematic interactions between the various components of

metabolic syndrome mean that elucidating their underlying

pathophysiology is essential.

Insulin resistance
IR and its consequent hyperinsulinaemia, is central to the

pathogenesis of PCOS. Insulin regulates metabolic and

mitogenic pathways that function independent of each

other.2 This might explain the paradoxical insulin

sensitivity patterns seen in different tissues, for example,

resistance in peripheral tissues and retained sensitivity in the
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ovarian cortex. Metabolic inertia to insulin has been

attributed to a post-binding defect in the insulin signalling

pathway caused by abnormal serine phosphorylation of the

insulin receptor.3 Despite extensive data supporting the role

of IR, it remains unclear whether the association is causal,

propagative or merely co-existential.

Atherogenic dyslipidaemia
In adipocytes, IR leads to the increased shunting of free fatty

acids (FFA) from fat tissue to the liver. FFAs induce hepatic

synthesis of very low-density lipoprotein (VLDL), resulting in

elevated triglycerides and apolipoprotein B and decreased

HDL. These alterations in lipid parameters lead

to atherogenic dyslipidaemia.

PCOS is associated with chronic low-grade systemic

inflammation, which mediates insulin resistance and

accelerates atherogenesis. Besides genetic abnormalities,

obesity and a high glycaemic diet are also known to induce

pro-inflammatory cytokines such as tumour necrosis factor-

alpha (TNFa) and interleukin-6 (IL-6).4–7

Obesity
Obesity is known to perpetuate PCOS. Itmost likely results from

the combined effect of genetic predisposition, poor diet and a

sedentary lifestyle, thus compounding pre-existing metabolic

derangements. Hyperinsulinaemia, and the increased

responsiveness of the ovarian theca to insulin, causes an

increase in the levels of free androgens. Hyperandrogenaemia

increases a person’s predilection for central adiposity and

worsens insulin resistance and dyslipidaemia.8

Hypertension
In obese individuals, hypertension is linked to the

potentiation of sympathetic outflow and the renin–
angiotensin–aldosterone system, resulting from increased

levels of insulin and free fatty acids. Concomitant vascular

endothelial dysfunction also contributes to the development

of hypertension.9

Analysing all available data on the aetiopathogenesis of

PCOS, it is evident that a paradigm shift has taken place in

our understanding of metabolic syndrome in PCOS, from

mere ovarian dysfunction to a multisystemic, multifactorial

aberration with far greater metabolic consequences

than initially implicated.

Consequences

Cardiovascular disease
One meta-analysis demonstrated that in women with PCOS,

the risk of coronary heart disease (CHD) and stroke is

doubled. Despite adjusting for body mass index (BMI), there

was a 55% increase in risk.10 Subjects with metabolic

syndrome are three to six times more likely to develop

CHD, with a 12% increase in mortality.11,12 Where metabolic

syndrome coexists with PCOS, one would expect this risk to

be significantly higher. Large-scale prospective studies that

evaluate long-term outcomes are required to assess the

magnitude of the impact of metabolic syndrome with PCOS

on cardiovascular events.

Diabetes
Metabolic syndrome confers a five-fold increase in risk for

diabetes type II, and PCOS has been identified as a

significant non-modifiable risk factor.13 Women with PCOS

with baseline normoglycaemia have a more pronounced risk

of developing impaired glucose tolerance (IGT); up to 16%

of women with PCOS convert to IGT per year. Women with

baseline IGT have a 2% risk of progressing to diabetes type II

per year, and over 6 years this risk maybe as high as 54%.14,15

A meta-analysis on the impact of PCOS on reproductive

outcomes has shown a three-fold increase in risk

for gestational diabetes.16

Cancers
PCOS is associated with an increased likelihood of

endometrial cancer (odds ratio [OR] 2.89).17 However, it is

difficult to ascertain the independent effect of PCOS because

of the additive influence of diabetes, hypertension, obesity,

chronic anovulation and hyperestrogenaemia on the

development of endometrial cancer. There is no strong

association between PCOS and ovarian or breast cancer.18

Metabolic syndrome has been associated with an increased

risk of endometrial cancer (OR 1.6) and a higher incidence

of pancreatic, postmenopausal breast and colorectal cancers

(OR 1.5). Poorer cancer outcomes, increased recurrences

and overall mortality have also been linked to

metabolic syndrome.19,20

Obstructive sleep apnoea
PCOS is associated with up to a 30-fold higher risk of

obstructive sleep apnoea (OSA), and a nine-fold increase in

excessive daytime sleepiness. IR has emerged as a principal

predictor for the risk of OSA, independent of elevated

testosterone levels and obesity.21 The presence of OSA in

metabolic syndrome in turn worsens IR and cardiovascular

outcomes. Women should be screened for and counselled

about snoring, daytime somnolence and fatigue, and offered

interventions when necessary.

Psychological problems
The prevalence of depression is higher in women with PCOS

(OR 4.03) than the general population, with increased

severity of symptoms.22 This association is independent of

BMI. These women are also more likely to develop anxiety,

eating disorders and dysfunctional relationships. Metabolic

syndrome is associated with depression, mainly with
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neurovegetative features such as fatigue. Although

inflammation has been linked to the development of

depressive symptoms, the precise mechanisms have yet to

be elucidated.23 Since these factors significantly affect quality

of life, it is essential to screen women for symptoms and to

refer them to a specialist when required.

Diagnostic criteria

Metabolic syndrome was first identified as a clinical entity

with insulin resistance central to its pathogenesis. Thus,

historically, the definition of metabolic syndrome mandated

the presence of IR for its diagnosis. Subsequent definitions

included more composite criteria; for example, waist

circumference as a measure of central obesity. Multiple

definitions for metabolic syndrome have been proposed over

the years, reflecting a shift in the proposed pathogenetic

mechanisms and clinical implications (Box 1). The criteria

used in diagnosing metabolic syndrome and newer

definitions are depicted in Table 1 and Figure 1.

The definition of metabolic syndrome proposed by the

National Cholesterol Education Program Adult Treatment

Panel III (NCEP:ATP III)24 does not build on any

preconceived notion about the underlying cause(s) of

metabolic syndrome, whether insulin resistance or obesity.

In 2005, the American Heart Association/National Heart,

Lung, and Blood Institute (AHA/NHLBI) statement25

incorporated a minor modification to that of the NCEP:

ATP III by revising the fasting blood glucose cut-off to

5.6 mmol/l. In the USA, the NCEP:ATP III recommends

88 cm as a cut-off for waist circumference in women. This is

in contrast to the International Diabetes Federation (IDF),26

which focuses on the impact of ethnic differences on the

threshold for abdominal obesity and makes it obligatory to

the definition. Data analysed by the IDF supports a waist

circumference of 80 cm and higher in women across different

ethnicities. The Joint Interim Statement (JIS),27 however,

highlighted the importance of ethnicity-specific waist

measurements, with equal emphasis placed on the

NCEP:ATP lll
Any 3 of 5 

criteria

AHA/NHLBI
Any 3 of 5 

criteria

IDF
Elevated waist 
circumference 

with any
2 of 4 criteria

JIS
Any 3 of 5

criteria

Figure 1. Diagnosis of metabolic syndrome.
Key: NCEP:ATP III = National Cholesterol Education Program Adult
Treatment Panel III;24 AHA/NHLBI = the American Heart Association/
National Heart, Lung, and Blood Institute;25 IDF = International
Diabetes Federation;26 JIS = Joint Interim Statement.27

Box 1. International organisations and groups involved in defining
metabolic syndrome

Based on insulin resistance Based on central obesity
- World Health Organization
(WHO) criteria, 1998

- European Group for the
study of Insulin Resistance
(EGIR), 1999

- American Association of
Clinical Endocrinology
(AACE), 2003

- National Cholesterol Education
Program Adult Treatment
Panel III (NCEP:ATP III)
criteria, 200124

- American Heart Association/
National Heart, Lung, and
Blood Institute (AHA/NHLBI)
criteria, 200525

- International Diabetes
Federation (IDF)
criteria, 200526

- Joint Interim Statement (JIS),
incorporating IDF and AHA/
NHLBI definitions, 200927

Table 1. Diagnostic criteria for metabolic syndrome

Measure Categorical cut-off points

1. Elevated waist circumference ≥88 cm24,25

≥80 cm26,27

2. Elevated triglycerides ≥150 mg/dl (1.7 mmol/l), or receiving drug treatment
3. Reduced HDL-C levels <50 mg/dl (1.3 mmol/l), or receiving drug treatment
4. Elevated BP Systolic BP ≥130 or diastolic BP ≥85 mm Hg, or treatment of previously diagnosed hypertension
5. Elevated fasting glucose levels ≥100 mg/dl (5.6 mmol/l)25–27

≥110 mg/dl (6.1 mmol/l)24

or receiving drug treatment

Key: HDL-C = high-density lipoprotein C; BP = blood pressure
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individual risk-predicting factors. By unifying the diagnostic

criteria of metabolic syndrome, the JIS simplifies its utility as

a clinical tool and has emerged as one of the most

commonly used definitions.

The various diagnostic criteria were evaluated in a large

cross-sectional analysis in a Greek population (n = 9669). In

this study, the JIS detected a very high prevalence of

metabolic syndrome (nearly half of the adults), but the

AHA/NHLBI definition emerged as a better predictor of risk

for cardiovascular events.28 Consensus on uniform diagnostic

criteria is essential because the choice of metabolic syndrome

definition may affect the identification of individuals at risk,

and the management of consequent co-morbidities.

Screening for metabolic syndrome

A structured assessment for the early detection and

management of metabolic syndrome, especially in women

of reproductive age, would be of critical importance to the

healthcare system. So that it can be applied in the clinical

setting, this assessment would need to prioritise risks,

standardise evaluation methods, and establish the frequency

of further testing. A comprehensive evaluation of the risk

factors for metabolic syndrome, adapted from evidence-

based guidelines from Australia and the UK’s Royal College

of Obstetricians and Gynaecologists,18,29 is shown in Table 2.

Management

With metabolic syndrome adding to the burgeoning epidemic

of diabetes type II and CVD, instituting early and targeted

interventions is a medical exigency. Primary intervention for

metabolic syndrome requires adopting lifestyle changes that

may prevent or slow progression to adverse events in high-risk

individuals. In thosewhodo not respond adequately to lifestyle

modifications, secondary interventions can be considered,

including drug therapy and bariatric surgery.

Lifestyle modifications

Exercise and dietary regulation are important components of

a healthy lifestyle. Though there is no established cure for

PCOS, lifestyle changes have demonstrated substantial

improvements in symptoms.

It is recommended that women with PCOS aim to lose

5–10% of their body weight in the first year after diagnosis

for improved clinical outcomes.29,30 Reduced body weight is

associated with a decrease in metabolically active visceral fat,

which in turn leads to decreased insulin resistance and an

optimised lipid profile, and may have psychological benefits

such as reduced anxiety and depression. The heterogeneity of

study designs means that the optimal duration, frequency

and type of exercise is difficult to establish based on currently

available data.31 To improve cardiometabolic outcomes,

women with PCOS are recommended to undertake regular

exercise for 150 minutes per week, which should include at

least 90 minutes of moderate-intensity aerobic activity.29

There are several elements that can be optimised in terms

of dietary goals: the quality, quantity and spacing of meals.

In obese women with PCOS, incorporating carbohydrates

with a low glycaemic index (GI) has demonstrated

considerable improvement in insulin sensitivity.32

However, low-GI foods are not necessarily high in

nutritive value. Dietary fibre is the indigestible part of

food that causes satiety, lowers cholesterol and slows

absorption of carbohydrates. Proteins take longer to digest

than carbohydrates, hence they can improve the insulin

profile. Monounsaturated fatty acids improve cholesterol

and glucose levels, as well as insulin response. Very long-

chain polyunsaturated fatty acids, including omega-3 and

omega-6 fats have a hypotriglyceridaemic effect and may

ameliorate inflammation in metabolic syndrome.33 Major

omega-3 fats include eicosopentanoic acid, docosohexanoic

acid and alpha-linolenic acid. Adequate omega-3 fat intake is

important in PCOS; benefits include lower levels of

Table 2. Recommendations for metabolic syndrome risk factor screening in women with polycystic ovary syndrome

Screening parameters Frequency of assessment

Cigarette smoking At every visit, obtain history of recent smoking habits, if any, or cessation
Obesity (weight, BMI, waist
circumference)

At every visit

Blood pressure For women with a BMI <25 kg/m2: annually
For women with a BMI ≥25 kg/m2: at every visit

Complete lipid profile For women with a normal profile: every 2 years
For women with an abnormal profile or excess weight: annually

Oral glucose tolerance test (75 g) All women: every 2 years
Womenwith risk factors (age >40 years, ethnicity, physical inactivity, smoking, waist circumference (>80 cm),
BMI ≥25 kg/m2, hypertension, previous gestational diabetes mellitus, family history of diabetes mellitus):
annually

Key: BMI = body mass index
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inflammatory markers, cholesterol and triglycerides and

increased insulin sensitivity.34,35

To maximise the benefits of a healthy diet, it is also

important to adopt healthy eating patterns, for example,

taking small portions of calorie-appropriate meals

at frequent intervals.36

Figure 2 illustrates the main components of a diet plan

with quantities calculated for a 1500-calorie diet.36

Medical management

Insulin-sensitising agents

Metformin
Metformin improves insulin sensitivity in women with

PCOS.37 It has also been shown to decrease fasting insulin

levels, but this benefit was restricted to non-obese women

with PCOS (BMI <30 kg/m2).38 There is no robust evidence

for the use of metformin to merely ameliorate insulin

resistance associated with PCOS, and its use to combat the

same in normoglycaemic women is not recommended by

any international organisation.

Women with IGT have a significant risk of conversion to

diabetes type ll. Metformin can be considered for use in

women with IGT to prevent progression to diabetes type II,

although this requires further scientific validation.

Metformin has been used in incremental doses ranging

from 500 to 1500 mg/day. There is no consensus on the

duration of treatment required. It is commonly associated

with adverse gastrointestinal effects, including nausea,

abdominal pain and diarrhoea.

A few trials have demonstrated that use of metformin can

lead to significant weight loss, especially when combined with

lifestyle modifications, but there is insufficient evidence to

recommend its use for weight loss purposes.39

Inositol
Inositols are compounds with insulin-mimetic properties,

particularly the isomers myoinositol (MI) and d-chiro-

inositol (DCI). MI and DCI are involved in downstream

signalling pathways following the activation of insulin

receptors and are considered mediators of insulin action.40

Various studies have demonstrated that administration of

DCI leads to decreased basal insulin levels, an improved lipid

profile and reduced systolic blood pressure.41,42 The clinical

effectiveness of MI and DCI has been studied in combination

and as standalone interventions, with MI being administered

at doses ranging from 1 to 4 g/day. No appreciable adverse

effects have ever been recorded following the administration

of inositols.43,44 Preliminary data suggest that supplementing

with inositol can be considered for improving a patient’s

metabolic profile, but more studies are required before its use

can be standardised.

Anti-obesity agents

Orlistat
Orlistat, rimonabant and sibutramine have been used in the

pharmacotherapy of obesity in PCOS. Sibutramine and

rimonabant have been withdrawn over safety concerns.

Orlistat is an irreversible gastric lipase inhibitor that

prevents the breakdown of dietary fat and thus, its

Figure 2. Components of a healthy diet for women with polycystic ovary syndrome.
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absorption. In PCOS, orlistat induces significant and

sustainable weight loss with similar efficacy to metformin.

Its use is also associated with an improved lipid profile,

including significant reductions in the levels of total

cholesterol, low-density lipoprotein and triglycerides. Based

on available evidence, orlistat can be considered for the

treatment of overweight and obese women with PCOS for

whom lifestyle modifications are insufficient.45 Patients take

60–360 mg of orlistat per day, divided between two to

three doses. Its use is associated with mild to moderate

gastrointestinal side effects including steatorrhoea and

abdominal pain, which potentially affects

compliance to treatment.

A randomised study on the effect of orlistat on obese

women with metabolic syndrome demonstrated reversal of

metabolic syndrome in 43.5% of participants, with associated

significant improvements in anthropometry, insulin

resistance, lipid profile and blood pressure.46 The risk of

progression of IGT to diabetes type II was also significantly

reduced (by 37.3%).47 Extending this favourable effect to

cardiovascular risk, orlistat might have a role in the

management of metabolic syndrome. However, further

studies are required to assess the use of orlistat in women

with PCOS and metabolic syndrome before it can be

approved for therapeutic indications.

Liraglutide
Glucagon-like peptide receptor agonists (GLP-1R),

including exenatide and liraglutide, are approved anti-

obesity agents. The use of liraglutide for obesity in PCOS-

related metabolic syndrome remains limited. Administration

of liraglutide is associated with a significant reduction in

BMI (–1.65 kg/m2), but not in waist:hip ratio, which is a

more sensitive indicator of visceral obesity and metabolic

outcomes. No significantly positive effect has been shown

on fasting insulin levels and insulin resistance.48 The use

of liraglutide is limited by the need for parenteral

administration, and the frequent occurrence of

gastrointestinal adverse effects. Larger studies are required

to establish the efficacy of GLP-1R agonists in women with

PCOS and metabolic syndrome.

Statins
In women with dyslipidaemia, the use of statins results in

significantly and consistently improved lipid profiles.

Furthermore, reduced levels of markers of endothelial

dysfunction and systemic inflammation suggest a decrease

in cardiovascular risk factors.49 Although statins seem to

create a favourable metabolic environment, their use is

limited by certain risks. Long-term use can cause liver

dysfunction and, when prescribed with other drugs, can lead

to serious adverse effects, including teratogenicity, which is of

critical concern among women of reproductive age. Based on

available evidence, the routine clinical use of statins cannot

be recommended for women with PCOS.

Although there appear to be multiple options for the

pharmacological correction of metabolic derangements in

women with PCOS, no drug is currently recommended as a

standard line of management. The apparent benefits of

medical therapy must be weighed against the risk of potential

adverse effects of prolonged treatment.

Surgical management

Difficulty in sustaining lifestyle alterations and a lack of

robust evidence supporting pharmacological interventions

has spurred the search for newer modalities to manage

metabolic syndrome in women with PCOS. Where other

management strategies have failed, bariatric surgery may be

offered to individuals with Class lll obesity (BMI ≥40 kg/

m2). Bariatric surgery may also be considered in women with

Class II obesity (BMI 35–39.9 kg/m2) and associated chronic

medical conditions such as diabetes and hypertension.

Women undergoing bariatric surgery have demonstrated

reduced cardiometabolic risk factors, reflected by an

improved lipid profile and reduced insulin resistance. 50,51

Common bariatric procedures include laparoscopic

adjustable gastric banding, vertical banded gastroplasty and

Roux-en-Y gastric bypass. These procedures have been found

to be beneficial in reducing cardiovascular events, inducing

remission of diabetes type II, hypertension, obstructive sleep

apnoea and subsidence of metabolic syndrome.52,53 A meta-

analysis of women with PCOS showed a significant

reduction in the incidence of PCOS after bariatric surgery

(from 45.6% to 6.8% at 12 months).54 Bariatric surgery may

also reduce the incidence of obesity-related cancers.55

Although studies involving women with PCOS are limited,

the results are encouraging. Further well-designed studies are

required before bariatric surgery can form part of the

mainstream management of metabolic syndrome in

women with PCOS.

Conclusion

Despite its high prevalence, metabolic syndrome is a

neglected entity. Multiple mechanisms have been proposed

for the evolution of metabolic syndrome in PCOS. Although

there is no unified definition of metabolic syndrome, the JIS

builds a consensus between definitions proposed by the IDF

and AHA/NHLBI. It is imperative to implement

recommendations for screening modalities, to enable early

diagnosis and institute aggressive measures for secondary

prevention. Lifestyle modification is the only universally

accepted intervention. Metformin may be considered in

women with IGT, although there is no established duration

of treatment. The use of newer drugs such as inositol and

250 ª 2018 Royal College of Obstetricians and Gynaecologists

Metabolic syndrome and PCOS



liraglutide require further validation, while the use of statins

should be limited only to women with dyslipidaemia.

Bariatric surgery can be considered as a last resort in

appropriately selected women.
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