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                     Polycystic ovary syndrome (PCOS) is a common condition that 
typically develops in reproductive-age women. The cardinal 
clinical and biochemical characteristics of PCOS include 
reproductive dysfunction and hyperandrogenic features. 
PCOS is also strongly associated with obesity based on data 
from epidemiological and genetic studies. Accordingly, PCOS 
often becomes manifest in those women who carry a genetic 
predisposition to its development, and who also gain weight. 
The role of weight gain and obesity in the development of 
PCOS is mediated at least in part, through worsening of insulin 
resistance. Compensatory hyperinsulinaemia that develops in 
this context disrupts ovarian function, with enhanced andro-
gen production and arrest of ovarian follicular development. 
Insulin resistance also contributes to the strong association 
of PCOS with adverse metabolic risk, including dysglycaemia, 
dyslipidaemia and fatty liver. Conversely, modest weight loss 
of just 5% body weight with improvement in insulin sensitiv-
ity, frequently results in clinically meaningful improvements in 
hyperandrogenic, reproductive and metabolic features. Future 
developments of novel therapies for obese women with PCOS 
should focus on promotion of weight loss and improvement in 
insulin sensitivity. In this context, therapies that complement 
lifestyle changes such as dietary modifi cation and exercise, 
particularly during the maintenance phase of weight loss are 
important. Putative novel targets for therapy in PCOS include 
human brown adipose tissue.   
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  What is polycystic ovary syndrome? 

 Polycystic ovary syndrome (PCOS) is a common endocrine 
condition that affects women of reproductive age. Depending 
on the population studied, the prevalence of PCOS in pre-
menopausal women has been estimated between 6 and 10%.  1   The 
clinical and biochemical characteristics of PCOS can be grouped 
into two main categories: (i) reproductive features that include 
oligo-amenorrhea (irregular, infrequent or absent menses), 
and (ii) hyperandrogenic features that include hirsutism, 
acne, androgenic alopecia and hyperandrogenaemia (raised 
serum levels of androgens such as testosterone).  2   In addition 
to these clinicobiochemical features, polycystic ovarian (PCO) 
morphology shown on ultrasound scan is a common radiological 
feature of PCOS. The three cardinal characteristics outlined 
here (reproductive, hyperandrogenic and PCO morphological 
features) form the basis for the internationally agreed consensus 
diagnostic criteria for PCOS known as the ‘Rotterdam 
Criteria’.  3   On this basis, women with at least two of these key 
characteristics, following exclusion of other conditions that can 
masquerade as PCOS (including congenital adrenal hyperplasia 
and ovarian and adrenal androgen-secreting tumours), can be 
diagnosed with PCOS. It is important, however, to emphasise 
that PCO morphology is itself a common ultrasonic feature in 
20% of reproductive-age women, most of whom have minimal 
or no symptoms of the syndrome;  4   therefore, most women with 
PCO morphology do not have PCOS. Furthermore, PCOS is also 
a condition that associates with obesity, insulin resistance and 
cardiometabolic risk, although these features do not form part of 
the diagnostic criteria for PCOS.  3   

 The association between PCOS and obesity is clear from 
epidemiological studies that reveal the majority of women 
(38–88%) with PCOS to be either overweight or obese.  2   These 
epidemiological data are further strengthened by observations 
which show that even modest weight loss of just 5% in obese 
women with PCOS can translate into improved reproductive 
and hyperandrogenic clinicobiochemical features, including 
hirsutism, menstrual cyclicity and fertility.  5   Further evidence 
to corroborate the association between PCOS and obesity were 
provided by our own group, revealing association of variants 
within the  FTO  gene and susceptibility for development of 
PCOS, through effects on fat mass.  6   

 The association of obesity with PCOS is thought to be 
important for its development, given that PCOS often 
becomes clinically manifest in women who gain weight and 
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are genetically predisposed to its development. Furthermore, 
as previously outlined, the clinical features of PCOS often 
improve with weight loss. However, it is also clear that, 
independent of obesity and fat mass, PCOS is inherently 
associated with metabolic aberrations that include insulin 
resistance, dyslipidaemia and non-alcoholic fatty liver disease.  7   
Furthermore, women with PCOS are at a much higher risk than 
weight-matched control women for developing dysglycaemia: 
among women with PCOS, 10% have type-2 diabetes mellitus 
and 30–40% develop early-onset impaired glucose tolerance.  8,9   
Metabolic syndrome is also more common in women with 
PCOS compared with BMI-comparable control women. Based 
on National Cholesterol Education Program Adult Treatment 
Panel III criteria, 34–46% of US-based Caucasian women 
with PCOS have metabolic syndrome.  8   Further contributing 
to this dysmetabolic onslaught is the common association of 
PCOS with obstructive sleep apnoea (OSA), the risk of OSA 
being 5–10-fold higher in PCOS than in BMI-matched control 
women.  9   OSA is a condition which itself also independently 
associates with insulin resistance that, in turn, further worsens 
metabolic dysfunction in PCOS.  9   

 To summarise, obese women with PCOS typically manifest 
a metabolic ‘double-whammy’ from conspiring metabolic 
aberrations associated with obesity and PCOS.  2   Insulin 
resistance is closely associated with the metabolic aberrations 
that characterise PCOS. Given that insulin resistance is 
important in the development of PCOS, it is important to gain 
insight into the pathogenic mechanisms implicated.  

  Insulin resistance in the pathogenesis of PCOS 

 It is estimated that between 50 and 90% of women with PCOS 
manifest insulin resistance.  10   As a compensatory response 
to insulin resistance, hyperinsulinaemia develops which in 
turn interacts synergistically with luteinising hormone (LH) 
as a co-gonadotrophin within ovarian theca cells.  11   Resultant 

activation of  CYP17  (encoding P450c17α, a key enzyme 
in ovarian androgen biosynthesis) in turn enhances the 
generation and release of androgens.  12   Within the ovary, insulin 
also promotes arrest of pre-antral follicle development.  13   
Hyperinsulinaemia also has other extra-ovarian pleiotropic 
effects that include enhancement of LH pulse amplitude 
(demonstrated in rodent models),  14   stimulation of adrenal 
P450c17α activity,  12   and suppression of hepatic sex hormone 
binding globulin production.  15   An overview of peripheral 
insulin resistance and its role in the pathogenesis of PCOS is 
shown in  Fig 1.   

 The role of insulin resistance in the pathogenesis of PCOS is 
supported by observations that improving insulin sensitivity in 
this condition (through weight loss or drug therapy) improves 
reproductive, hyperandrogenic and metabolic features.  2   The 
converse is also true: weight gain (with worsening insulin 
resistance) in those women who are genetically predisposed to 
the development of PCOS often results in them manifesting 
clinical features of this condition.   2   There is a paradox though 
in reconciling insulin resistance with the deleterious effects 
of hyperinsulinaemia, given that both insulin resistance and 
hyperinsulinaemia are important for the development of 
PCOS. This apparent paradox is resolved when one considers 
the molecular pathways involved. Following interaction with 
its receptor, intracellular effects of insulin follow two main 
pathways via: (i) phosphatidylinositol 3-kinase (PI3-kinase) 
and (ii) mitogen-activated protein kinase (MAP kinase). 
Each of these pathways mediates disparate cellular effects 
of insulin stimulation. The PI3-kinase pathway mediates 
metabolic effects (including glucose disposal into skeletal 
muscle) and the MAP kinase pathway mediates cell growth 
and steroidogenic effects.  16   In PCOS, it appears that only the 
PI3-kinase pathway is dysfunctional, with the MAP kinase 
pathway functioning normally.  2   The result is divergent cellular 
responses to insulin, with resistance to its metabolic effects 
and concurrent enhancement of steroidogenesis manifesting as 

 Fig 1.       Overview of peripheral 
insulin resistance in PCOS.  
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metabolic dysfunction, hyperandrogenaemia and reproductive 
dysfunction.  17   

 The intact MAP kinase receptor pathway is important in the 
mechanism by which insulin resistance influences development 
of hyperandrogenaemia in PCOS. In a comparison between 
urinary steroid profiles in women with PCOS (n=178) and 
BMI-matched control women (n=100), our own group 
demonstrated enhanced 5α reductase activity associated 
with PCOS.  18   Resulting enhanced conversion of testosterone 
to the more potent androgen, 5α-dihydrotestosterone likely 
contributes to the hyperandrogenism of PCOS. A further effect 
of enhanced 5α reductase activity is the breakdown of cortisol 
with reduced negative feedback at the pituitary. Consequently, 
the hypothalamo–pituitary adrenal axis becomes overactive 
in PCOS, thereby further stimulating adrenal androgen 
production.  18   

 Further insight into the development of insulin resistance 
in PCOS can be gained from exploring its occurrence across 
different phenotypic subgroups and associations with visceral 
fat depots. These two topics will be discussed in the following 
subsections.  

  Metabolic heterogeneity among phenotypic 
subgroups of PCOS 

 Use of the ‘Rotterdam diagnostic criteria’ for PCOS has led 
to the emergence of four distinct phenotypic subgroups.  3   
In this section, we refer to these as ‘HO’, ‘PHO’, ‘PH’ and 
‘PO’ with ‘H’ representing hyperandrogenic features, ‘O’ 
representing oligo-amenorrhea and ‘P’ representing PCO 
morphology. Our own group published data from UK-based 
Caucasian women with Rotterdam-defined PCOS (n = 309) 
in comparison with control women (n = 76).  3,19   In this study, 
we showed that insulin resistance is predominantly a feature 
of the ‘PHO’ sub group and that metabolic syndrome is also 
common in this subgroup.  19   This disparity of metabolic 
dysfunction between phenotypic subgroups, with metabolic 
equivalence versus BMI-matched control women for ‘PH’ and 
‘PO’ subgroups, has subsequently been verified in other studies 
on diverse populations.  20,21   Current literature supports the 
notion of metabolic heterogeneity between Rotterdam-defined 
phenotypic subgroups of PCOS,  3   with insulin resistance and 
metabolic dysfunction largely confined to the subgroup of 
majority who manifest reproductive and hyperandrogenic 
features with PCO morphology. 

 Current literature on metabolic heterogeneity in PCOS 
focuses on cross-sectional data. There is a need for long-term 
prospective studies in this field, to track potential migration 
between phenotypic subgroups over time, and to explore the 
impact of cumulative phenotypic subgroup status and its 
associated cardiometabolic risk profile on future cardiovascular 
outcomes. Such a study would provide insight into predictors 
of future cardiovascular events and facilitate development of 
strategies to improve the cardiovascular fate of obese women 
with PCOS.  

  Role of visceral fat as a contributor towards insulin 
resistance in PCOS 

 It is important to explore potential mechanisms that underlie 
the development of insulin resistance in PCOS.  2   One possible 

factor relates to body fat distribution, given the well established 
association between visceral adipose tissue and insulin 
resistance.  22,23   Unfortunately, many previous studies on fat 
distribution in PCOS utilised techniques such as ultrasound 
and lipometer that suffer from limitations of operator-
dependence and inadequate image resolution.  23   Our own 
group utilised an magnetic resonance (MR)-based imaging 
technique for assessment and comparison of fat distribution 
among 22 obese BMI- and fat mass-matched pairs of PCOS 
cases and controls. Cross-sectional areas of fat depots from 
axial MR images taken at anatomically pre-defined sites 
were measured and compared between groups.  24   Although 
disparate with regard to insulin sensitivity, there were no 
significant differences in fat depots, including visceral fat 
between the groups of women with PCOS and BMI-matched 
control women.  24   Data from our study  24   were subsequently 
corroborated by a further MR-based study on abdominal 
fat depots in 31 age- and BMI-matched pairs of PCOS cases 
and controls that also demonstrated equivalence of fat depot 
volumes and distributions between the two groups.  25   

 To conclude, women with PCOS manifest global adiposity. 
Based on our own data  23,24   and from those of a large dual-
energy X-ray absorptiometry-based study on PCOS and weight-
matched control women,  26   abdominal fat mass in women is 
proportional to total fat mass regardless of PCOS status. This 
is what one would expect and helps to explain worsening of 
insulin resistance in women who gain weight. An important 
conclusion from the data outlined here is that insulin resistance 
in PCOS cannot be explained by preponderance of visceral fat 
in this condition. It remains possible that aberrations of ectopic 
fat distribution may pertain in PCOS that may contribute 
to insulin resistance and this should be a focus for future 
research.  23    

  Improvement of insulin resistance in the 
management of PCOS 

 Given the importance of insulin resistance in the development 
of PCOS, it is perhaps not surprising that weight loss, and 
the consequent improvement in insulin sensitivity, remains 
the most effective treatment strategy for women with PCOS. 2  
Achieving and maintaining weight loss however is challenging. 
Established strategies of dietary modification and increased 
exercise are the mainstay, given the current lack of available 
therapies for weight loss.  2   Bariatric surgery can also play a role, 
although the relative cost and availability of this procedure 
precludes its widespread adoption.  27   

 There is a need to develop effective weight-loss therapies, to 
improve outcome in PCOS and other weight-related conditions. 
A promising target for such a novel therapy is brown adipose 
tissue (BAT). Recent observations of active BAT in adult 
humans have transformed this field.  28   BAT uncouples oxidative 
phosphorylation and in the process releases stored caloric 
energy as heat.  28   The therapeutic potential of BAT as an anti-
glycaemic, anti-lipidaemic and weight loss inducing ‘metabolic 
panacea’ is exemplified by calculations that just a sugar-cube 
volume of active BAT during a year, would burn its way 
through between 3 and 4 kg of white adipose tissue.  29   There 
is much research needed before BAT-related therapies become 
available. One important consideration is the quantification 
of BAT, to provide data on widespread applicability of 
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BAT-related therapies and to act as a biomarker in assessment 
of response to such therapies. Our own group has published 
the first proof of concept paper to image BAT in a living human 
adult using an MR-technique and verification with histology 
and immunohistochemistry.  30   The next stage is to develop this 
technique as a radio-quantifier for assessment of BAT content 
in humans. 

 It is important that BAT-related and other novel therapies 
that promote weight loss are developed, to complement lifestyle 
measures that include dietary modification and exercise. 
Such novel therapies would be particularly beneficial in the 
maintenance of weight loss, which is notoriously difficult to 
achieve. Future research should also focus on development of 
novel therapeutics that improve insulin sensitivity in women 
with PCOS, therapies that would also be expected to improve 
the clinical and biochemical manifestations of PCOS.  

  Concluding remarks 

 A major challenge in research into pathogenesis of PCOS is 
to untangle the complex interlinks between obesity, insulin 
resistance and the development of PCOS. Our understanding 
of this complex multi-directional entangled web of interactions 
is incomplete. Unfortunately, PCOS suffers from much 
misconception among the general public and healthcare 
professionals. Some of this misconception stems from 
nomenclature: the term ‘PCOS’ belies its true importance as a 
condition that may have a profound adverse effect on physical 
and psychological wellbeing. It is a condition that accounts 
for the commonest cause of infertility in women, causes much 
psychosocial distress and anxiety from the ‘cosmetic’ concerns 
of hirsutism and acne, and is associated with substantial 
cardiometabolic risk. 

 The role of insulin resistance in the development of PCOS 
has been discussed in this brief review. Potential contributors 
to insulin sensitivity, including fat distribution and 
phenotypic subgroup have been outlined. Strategies for future 
developments of therapies for losing weight and maintaining 
weight loss have been proposed. The prevalence of PCOS is 
such that every healthcare professional is likely to encounter 
this condition. The ever burgeoning obesity epidemic will 
ensure that the prevalence of PCOS continues to increase. To 
mitigate the impact of obesity on the development of PCOS, 
it is important to take action now to facilitate weight loss in 
our obese patients through existing strategies, and to share a 
vision of the future where development and administration of 
novel weight-loss strategies complement lifestyle measures and 
facilitate effective and safe maintenance of weight loss. Through 
creating a future healthcare environment that encourages 
maintenance of weight loss, we will limit the impact of obesity 
and its associated insulin resistance on the development of 
PCOS and other weight-related conditions. ■     
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