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Abstract: Polycystic ovary syndrome (PCOS) is a syndrome associated with insulin resistance
(IR), obesity, infertility, and increased cardiometabolic risk. This is a descriptive review of
several mechanisms that can explain the IR among women with PCOS, other risk factors for
the development of diabetes, and the screening methods used for the detection of glucose
intolerance in women with PCOS. Few mechanisms can explain IR in women with PCOS such
as obesity, insulin receptor signaling defects, and inhibition of insulin-mediated glucose uptake
in adipocytes. Women with PCOS have additional risk factors for the development of glucose
intolerance such as family history of diabetes, use of oral contraceptives, anovulation, and age.
The Androgen Society in 2007 and the Endocrine Society in 2013 recommended using oral
glucose tolerance test as a screening tool for abnormal glucose tolerance in all women with
PCOS. The approach to detection of glucose intolerance among women with PCOS varies
among health care providers. Large prospective studies are still needed for the development of
guidelines with strong evidence. When assessing risk of future diabetes in women with PCOS,
it is important to take into account the method used for screening as well as other risk factors
that these women might have.
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Introduction

Polycystic ovary syndrome (PCOS) is a syndrome associated with insulin resistance
(IR), obesity, infertility, and increased cardiometabolic risk. The diagnosis of PCOS
based on the National Institutes of Health 1990 criteria includes clinical and/or
biochemical evidence of hyperandrogenism and chronic anovulation and exclusion of
other known disorders. According to the Rotterdam 2003 criteria, PCOS is diagnosed
based on the presence of two of the following three features: oligo- or anovulation,
clinical and/or biochemical signs of hyperandrogenism, or polycystic ovaries. Finally,
the Androgen Excess Society 2006 criteria require the presence of hyperandrogenism
(biochemical or clinical) with either oligoanovulation or polycystic ovaries.! The
Endocrine Society 2013 guidelines suggested using the Rotterdam criteria for diag-
nosing PCOS.!

There is a lack of large prospective studies investigating the natural history of
glucose intolerance among women with PCOS. The Androgen Excess Society in 2007
and the Endocrine Society in 2013 recommended using oral glucose tolerance test
(OGTT) as a screening method.! Few members of the Androgen Excess Society had
the opinion that OGTT should only be performed in women with PCOS and a body
mass index (BMI) >30 kg/m? or in lean women with other risk factors.? Taking into
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consideration the cost and time needed to perform a 2-hour
OGTT, the approach to detection of glucose intolerance
among women with PCOS varies among health care
providers. In this review, we summarize several mechanisms
that can explain the IR which leads to glucose intolerance
among women with PCOS, other risk factors for the devel-
opment of diabetes, and the screening methods used for the
detection of glucose intolerance in women with PCOS. Given
the strong correlation of obesity and IR, we also examined
separately the studies on lean women with PCOS. In this
descriptive review, we used computerized search processes
to identify English language articles related to PCOS and IR
in the literature. The search strategy used to identify articles
included combinations of the following terms: PCOS, IR,
screening, lean PCOS, HbAlc, and OGTT.

Pathophysiology and risk factor for

prediabetes in women with PCOS
There are a few different pathophysiologic mechanisms and
risk factors for prediabetes in women with PCOS. A brief
overview of these risk factors is given as follows.

Obesity is present in ~50%—-80% of women with PCOS,
but this relationship also depends on environmental factors.?
Lower rates of obesity in women with PCOS have been
reported in different countries around the world.* In popula-
tions where severe obesity is less prevalent such as the Asians
and some Europeans, PCOS is still present at almost the same
frequency.® One could argue that there are no more obese
PCOS women than obese non-PCOS women in a certain
community.® With increasing age, there is also worsening of
BMI, waist-to-hip ratio, and IR among women with PCOS.” '
The majority of obese women though are actually fertile
and do not have reproductive abnormalities.’ Furthermore,
obesity increases over time the rate of conversion from
normal to abnormal glucose tolerance and diabetes. Norman
et al studied prospectively a group of 67 women with PCOS
by performing a 75 g OGTT at baseline and after an average
time of 6.2 years.!! BMI was considered an independent risk
factor for the development of diabetes in women with PCOS.
In their study, PCOS women with a BMI >30 kg/m? were
ten times more likely to develop impaired glucose tolerance
(IGT) or diabetes when compared to PCOS women with a
BMI <25 kg/m?, and women with a BMI of 25-30 kg/m?
were seven times more likely to have deteriorated glucose
profile with increasing age. The conversion rate from normal
to abnormal glucose tolerance is worse in obese women with
PCOS when compared to the general population. Legro et al
found a conversion rate from normoglycemia to abnormal

glucose of 16% per year in obese women with PCOS when
compared to the expected conversion rate of 1%—5% per
year in the general obese population,'? but the conversion
rate from IGT to diabetes was not increased (2% per year).
In Norman et al’s study, although the conversion rate to
diabetes was similar (2.6% per year), the risk of diabetes
was significantly higher among women who had baseline
IGT (8.6% per year).!" In Legro et al’s study, there was an
insufficient number of lean women with PCOS to assess the
effect of BMI on conversion rates. Another group studied
women with PCOS for 8 years and found that women who
eventually developed type 2 diabetes had higher baseline
BMI." These studies highlight the synergic effect of obesity
in deteriorating the glucose tolerance in PCOS women at
baseline and over time. !5

Studies have evaluated the subcutaneous and visceral
fat distribution in obese PCOS women using dual-energy
X-ray absorptiometry and magnetic resonance imaging tech-
niques with conflicting results. Women with PCOS have an
increased waist-to-hip ratio when compared to BMI-matched
controls. Some studies have shown that women with PCOS
have higher central adiposity and higher upper-to-lower
body fat distribution measured by dual X-ray absorptiom-
etry, magnetic resonance imaging, or ultrasound, even if
they have the same total fat and trunk fat as BMI-matched
controls.'*'® Central adiposity is a risk factor for prediabetes
in women with PCOS.

Another risk factor for prediabetes among women with
PCOS is their age. In a study of 112 women with PCOS and
86 controls, age, along with obesity, was one of the major
determinants of IR and diabetes.’ A large retrospective study
0f2,301 women with PCOS also found significant correlation
between age and risk of type 2 diabetes.!” The same adverse
effect of age on IR was found in a prospective study of
254 women with PCOS.# In a study on a Chinese population
of 356 PCOS women and 974 infertile control women, age
was also found to be a significant predictor of glucose intoler-
ance during an OGTT." In a study on a Korean population,
the prevalence of glucose intolerance (calculated by OGTT)
was 6.3% in women aged 16—19 years, 11.2% (14 of 125) in
women with PCOS aged 20-29 years, and 34% (18 of 53)
in women with PCOS aged 30-39 years.?’ These studies
indicate that older age is a risk factor for IR.

Also, the use of oral contraceptives (OCs), a treatment
option commonly used by women with PCOS, has been
linked to worsening of IR in some studies.”! Various OC
pills can have different effects on the glucose metabolism.
The mechanism by which OCs deteriorate IR is unclear.
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One proposed theory is that OCs decrease the insulin receptor
binding.?? Another theory is that use of OCs might impair
beta-cell function, as some small studies have shown that
women taking OCs have lower disposition index during the
frequently sampled intravenous glucose tolerance test.”

A large older study followed 1,060 women who were
taking various types of OCs for at least 3 months and 418
control women. Depending on the dose and type of progestin,
women who were taking OCs were found to have 43%—-61%
higher plasma glucose levels in the OGTT when compared to
controls. The worst effect was seen with levonorgestrel com-
bination pill, and the least effect with low-dose norethindrone
pill.** These OCs contained 3040 pg of ethinyl estradiol
(EE), which is much higher than the doses used today.

Similar studies have been done in women with PCOS.
The effect of metformin versus OC therapy on IR was
evaluated in a study on 100 overweight women with PCOS.
While metformin reduced IR by 34%, the high-dose OC
(35 ug EE/2 mg cyproterone acetate) increased IR by 25%.
The low-dose OC (20 pug EE/100 pg levonorgestrel plus
aldactone) had a neutral effect. The BMI was stable during
treatment.” Another group in Finland randomized 32 obese
(BMI >27 kg/m?) women with PCOS to metformin or to
EE 35 mg/cyproterone acetate 2 mg OC pill. This group
observed worsening of glucose tolerance after 6 months.*
On the contrary, when the same regimen of OC was used in
lean (BMI <25 kg/m?) women with PCOS, no adverse effect
on glucose tolerance was seen in the OGTT, which highlights
a possible synergic effect of BMI and certain OCs in dete-
riorating the glucose tolerance.?” In a more recent study that
compared the metabolic effects of OC and exercise among
150 women with PCOS, no difference was seen in fasting
glucose (FG), insulin, homeostasis model assessment, and
area under the curve from an OGTT after 6 months of treat-
ment with 3 mg drospirerone and 30 pg of EE.*® These studies
indicate that certain OCs can deteriorate glucose tolerance
in women with PCOS.? 1t is therefore recommended that
physicians consider other risk factors for prediabetes when
prescribing OCs.*

Race is also another determinant of future risk of diabetes.
African-American, Caribbean-Hispanic, and south Asian
women with PCOS are at a higher risk of diabetes.!*! The
prevalence of IGT among women with PCOS in the Mediter-
ranean area, such as Spain and Italy, has been found to be
lower when compared to studies done in the US. It is possible
that racial, dietary, or lifestyle differences can explain this
discrepancy.®*? These studies highlight the importance of
race as a risk factor for IR in women with PCOS.

Family history of diabetes has also been found in multiple
studies to significantly increase the risk of development of
glucose intolerance among women with PCOS.*3'-* In one
of these studies, data from 408 women with PCOS were
analyzed. Family history of diabetes was found in 44% of
PCOS women with diabetes and 39% of women with IGT,
but only 21% of PCOS women with normal glucose tolerance
had a family history of diabetes.’! These studies indicate that
the presence of family history of diabetes is a risk factor for
prediabetes in women with PCOS.

Women with PCOS who have highly irregular menstrual
cycles are also at a higher risk of diabetes. Data from the
Nurses Health Study II, in which 101,073 women were
enrolled and followed for 12 years, showed that women
with highly irregular menstrual cycles have an increased
risk of developing diabetes.** Another large study followed
a cohort of 23,571 women for 10 years and reached the
same conclusion: irregular menstrual cycles are related to
future risk of type 2 diabetes.’> Recently, in a study among
494 women with PCOS, it was shown that patients with
menstrual cycles >35 days had higher mean homeostasis
model assessment — IR levels than controls, in contrast to
women with PCOS and regular cycles who were no differ-
ent than controls.’® These studies illustrate the association
of highly irregular menses with the risk of prediabetes in
women with PCOS.

In summary, obesity and central adiposity, family history
of diabetes, irregular menses, use of certain OCs, older age,
and African-American, Caribbean-Hispanic, or south Asian
race are risk factors for prediabetes in women with PCOS.

Molecular mechanisms of IR among
women with PCOS

There are several molecular mechanisms that can explain IR
among women with PCOS. Beta-cell dysfunction has been
investigated as a possible mechanism for IR among women
with PCOS.*” Both obese and nonobese PCOS women have
beta-cell dysfunction, although this is not associated with
glucose intolerance in the majority of women.* The impaired
beta-cell function can start early in life. Obese adolescents
with PCOS have decreased first-phase insulin secretion,
decreased glucose disposition index, and increased hepatic
glucose production.*

The insulin signal pathway can be impaired by tyrosine
phosphatases that dephosphorylate the insulin receptor.
Moreover, serine phosphorylation of the insulin receptor
and insulin receptor substrates can also lead to IR.> Another
mechanism for IR is failure of insulin to activate glycogen
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synthase (GS). GS is activated by decreased phosphorylation
at regulatory sites. The IR in muscle tissue in PCOS women
could be partially explained by impaired insulin activation
of GS, including absent dephosphorylation.*’

Moreover, microscopically, the fat tissue in women with
PCOS is different. The adipocytes in both obese and lean
women with PCOS are larger in size and have increased
CDll1c expression, which has been linked to IR through
increased release of inflammatory cytokines.**? In addition,
the fat tissue is not just a storage tissue, but it secretes
hormones, such as adiponectin and leptin. PCOS women
have been found to have low adiponectin and high leptin,
irrespective of BML.*** These alterations in the function
of adipose tissue can also partially explain the decreased
insulin sensitivity in women with PCOS, given the insulin-
sensitizing properties of adiponectin.

Finally, there is emerging evidence about the association
of inflammation with IR in women with PCOS. Elevated
inflammatory markers have been linked to IR in women
with PCOS, such as CRP, interleukin-18, and TNF-o..*+%
Furthermore, adhesion molecules that are markers of
endothelial dysfunction, such as soluble vascular cell adhe-
sion molecule-1, soluble intercellular adhesion molecule-1,
endothelin 1, and sE-selectin, have also been linked to IR
in women with PCOS.*#® Women with PCOS also exhibit
abnormalities in their lipoprotein profile, such as low high-
density lipoprotein and high low-density lipoprotein, which
have been associated with IR and obesity.*”*

Screening methods for glucose

intolerance in PCOS

The American Diabetes Association recommends testing
for diabetes or prediabetes using the glycated hemoglobin
(HbA1lc), fasting plasma glucose, or 75 g 2-hour OGTT.*
The Rotterdam PCOS Consensus Workshop Group in 2003
recommended using OGTT for women with PCOS with
a BMI >27 kg/m?? The Androgen Society recommended
in 2007 using OGTT as a screening tool for abnormal glu-
cose tolerance in all women with PCOS. A few members
suggested performing an OGTT only in patients with a
BMI =30 kg/m? or in lean patients with additional risk fac-
tors.’! The Endocrine Society 2013 guidelines did not alter
this recommendation.' Several studies have shown that FG is
not a sensitive measurement for diagnosing IGT and diabetes
in women with PCOS.

The prevalence of IGT has been studied in women with
PCOS. Glucose intolerance measured by 2-hour glucose after
an OGTT was abnormal in 45% of 122 women with PCOS,

of which 10% were diagnosed with diabetes. When using FG,
abnormal result was found only in 15% of women, of which
6% were diagnosed with diabetes. This was clearly an evi-
dence of poor sensitivity of FG to detect IGT or diabetes in
women with PCOS.** Based on the 2-hour glucose value,
31% of women had IGT and 7.5% had diabetes. However,
based on the FG value alone, only 3.2% of these women
would have been diagnosed with diabetes.® When data from
these two studies were merged, the FG was found to have a
poor correlation with the 2-hour glucose in women with IGT
(7=0.115).>! In another study, 111 women with PCOS were
screened for glucose abnormalities. Diabetes and IGT were
diagnosed by OGTT in 4% and 20% of subjects, respectively.
Screening of 111 PCOS women by using fasting plasma
glucose failed to identify 41% of women with impaired
glucose and 20% of diabetic subjects.’ In a study done in
Prague, 12.3% of 244 women with PCOS had abnormal FG,
and 9.4% were found to have impaired glucose and 1.6%
were found to have diabetes by OGTT. In this study, only
seven of the 30 women identified by FG were found to have
abnormal glucose tolerance by OGTT.>* In Brazil, a study
done in 85 young women with PCOS identified 27.0% with
IGT and 4.8% with diabetes when the 2-hour glucose value
from OGTT was used as a diagnostic criterion; however,
only 15.3% were diagnosed with IGT and 1.2% with diabetes
when the FG was used.” A small study in adolescents with
PCOS showed again failure of FG to predict abnormal glu-
cose tolerance (7% versus 33% in this study).% The same was
shown in a study done in 194 Korean women with PCOS. FG
failed to detect 94% of those with abnormal glucose tolerance
detected by OGTT.?® Receiver operating characteristic analy-
sis in this study showed an FG >87.5 mg/dL to correspond
to a 2-hour glucose from OGTT of >140 mg/dL. Of note,
in these studies, some authors used the previous American
Diabetes Association criteria of FG >110 mg/dL, and some
used an FG >99 mg/dL to define abnormal FG. In our opin-
ion, using a lower cut-off value of FG of 89 mg/dL in this
particular population of women could potentially increase
the sensitivity of the method. More studies are needed to
investigate whether using an FG >89 mg/dL could be an
alternate approach for screening women with PCOS.
Regarding the use of HbAlc, studies have shown con-
flicting results. Hurd et al showed that HbAlc had only fair
agreement with OGTT in diagnosing IGT or diabetes among
111 PCOS women. HbA 1¢ classified two women as IGT who
were identified as having diabetes by OGTT. In addition,
HbA ¢ classified 44% (12/27) of women as normal who had
prediabetes according to OGTT. On the contrary, although not
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very sensitive, fasting plasma glucose had substantial agree-
ment with OGTT when compared to HbA1c.’? A second large
study in 208 women with PCOS was done in Denmark. In this
study, the sensitivity and specificity of a HbAlc value of 6.5%
for the diagnosis of diabetes were 35% and 99%, respectively,
when the 2-hour glucose determination by OGTT was used
as a gold standard for diagnosis. The authors found a closer
correlation of HbA 1c with waist-to-hip ratio, BMI, and lipid
profile than the 2-hour glucose, suggesting the use of HbA lc as
a cardiovascular risk marker rather than a glucose intolerance
marker,* which is expected given that a high HbAlc of 6.5%
is diagnostic of diabetes, a known risk factor for cardiovascular
disease. In a study done in Korea, HbAlc from 154 patients
with PCOS was compared with HbAlc of healthy controls
of similar age. Women were divided into groups accord-
ing to their BMI. HbAlc in obese women with PCOS was
similar to obese controls. In lean PCOS women, with a BMI
<25 kg/m? HbAlc =5.7% was significantly higher in PCOS
patients when compared to lean control women. The authors
suggested using HbA 1¢ as a screening method for lean PCOS
women. Unfortunately, this study was not designed to have
2-hour glucose determined from OGTT.”” A small study done
several years ago, using as an upper limit of normal HbAlc
a cut-off value of 7.2%, failed to detect IGT in 27 women
with PCOS.*® More recently, another large study among 671
women with PCOS showed that the use of HbA1c and fasting
plasma glucose cannot be recommended as a screening tool
for prediabetes among women with PCOS.*

In summary, more studies are needed to evaluate the util-
ity of HbAlc as a screening tool for prediabetes in women
with PCOS.

Glucose intolerance in lean
PCOS women

In 2007, the Androgen Excess Society recommended that
all women with PCOS should be screened with an OGTT
for glucose intolerance, and the Endocrine Society 2013
guidelines also support this.! However, some studies have
supported the idea that lean PCOS women have a lower risk
of glucose intolerance.

The glucose intolerance was studied by OGTT among
254 women with PCOS in a clinical study. The prevalence
of IGT was 5% (3/57) and diabetes was 1.8% (1/57) among
PCOS women with a BMI <25 kg/m?. Among women with
a BMI between 25 and 30 kg/m?, the prevalence of abnormal
results increased significantly to 43% (13/31).>8

In a Korean study of 194 women with PCOS, the preva-
lence of abnormal glucose profile was 5.9% among lean

PCOS women, versus 30% and 36.4% among overweight
and obese PCOS women, respectively. The prevalence of
glucose intolerance in both lean and obese women with
PCOS remained higher compared to age-matched Korean
women.?

In a cohort of 78 women with PCOS, only one of the
31 women (3%) with a BMI <25 kg/m? showed glucose
intolerance in the OGTT. BMI was highly predictive of
glucose intolerance among women with PCOS.% Between a
relatively lean PCOS group of 356 Chinese women (60% had
a BMI <24 kg/m?), 7.6% had IGT, and 3.1% had diabetes."
Studies in Europe have shown a much lower rate of IGT in
lean PCOS women.®' In a study on 110 native Italian women
with PCOS, 15% showed glucose abnormalities in OGTT,
which were evident only in PCOS women who were obese
(BMI >25 kg/m?).! The overweight population with PCOS
(BMI 25-30 kg/m?) has a significant increase in the risk of
glucose intolerance.>!:t

In summary, there is evidence of IGT in lean PCOS women
compared to healthy women, but the prevalence of IGT and
diabetes is lower when compared to obese PCOS women.

Conclusion

Women with PCOS are at a higher risk of developing glu-
cose intolerance and diabetes than women in the general
population. This seems to be driven by intrinsic insulin
receptor defects and post-receptor defects that lead to
hyperinsulinemia. Chronic hyperinsulinemia leads to beta-
cell fatigue and increased risk of prediabetes and diabetes.
Moreover, women with PCOS can have additional risk fac-
tors that are associated with a higher risk of IGT and diabetes.
These factors include obesity, the use of OCs, older age,
family history of diabetes, and highly irregular menses. Inter-
vention with lifestyle modification, weight loss, exercise, and
use of metformin ameliorates the hyperinsulinemia of PCOS.
OCs improve the hyperandrogenism by decreasing ovarian
steroidogenesis and also by increasing sex hormone-binding
globulin and therefore decreasing the bioactive androgens.
In the majority of women with PCOS, determination of FG
alone might not be sufficient to diagnose glucose intolerance.
HbAlc might be beneficial, but more studies are needed
to validate its efficacy. All women with PCOS should be
screened with an OGTT for glucose intolerance as recom-
mended by the Endocrine Society 2013 guidelines. Larger
studies are needed to assess the natural history of glucose
intolerance in women with PCOS, when is the appropriate
age to start screening for women with PCOS, how often
should physicians repeat the OGTT, as well as the factors
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that could alter the conversion rates from normoglycemia to
IGT and diabetes in women with PCOS.
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