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ABSTRACT

Background: Polycystic ovary syndrome (PCOS) is the
most common endocrinopathy affecting women, at
reproductive age. PCOS is a chronic hyperandrogenic state
that has many significant short-term and long-term
implications for patients such as oligomenorrhea,
amenorrhea, infertility, diabetes mellitus, cardiovascular
disease, increased risk of endometrial cancer, and
hirsutism.

Objectives: To evaluate the obesity and glycemic criteria
among women with polycystic ovary syndrome.

Method: A case control designed study was carried out at
the National Diabetes Center (NDC) / Al-Mustansiryia
University; on 50 participants formed the PCOS group and
50 healthy control participants. Data collected about age,
age at menarche and BMI. Also, blood samples examined
for FPG and 2-h OGTT test carried out for all the
participants. Moreover hormonal assessment for the LH,
FSH and total testosterone were done for all participants.
Results : PCOS group women age and age at menarche
were 27.62 £ 5.74 and 12.0 £ 1.06 years; vs. the control
group were 2542 + 494 and 11.64 + 0.69 years
respectively. All PCOS group were experienced signs and
symptoms of ovarian dysfunction, and infertility while the
control group did not experience any of such evidences.
BMI showed significant difference between study groups
(t-test (P < 0.05)); 98% of the PCOS group was obese vs.
58% of the control group. The waist/hip ratio showed
insignificant difference (t-test (P > 0.05). Fasting plasma
glucose (FPG) showed insignificant difference between the
study groups (t-test (P >0.05); about 18% of the PCOS
group was prediabetic (Impaired Fasting Glucose, IFG)

(100-125mg/dl) and 6% was diabetic (>126mg/dl) whereas
the entire control group was normoglycemic. The OGTT
showed significant difference between the study groups (t-
test (P < 0.05)); about 22% of the PCOS group was
prediabetic (Impaired Glucose Tolerance, IGT) (140-
199mg/dl) and 6% was diabetic (>200mg/dl) whereas the
entire control group was normoglycemic. PCOS group
showed highly significant elevation in the LH level vs. the
control group by about four folds (t-test (P < 0.05)). Also,
FSH showed similar elevation by about two folds among
the PCOS group vs. the control group (t-test (P < 0.05)).
Moreover the LH/FSH ratio was elevated by about two
folds among the PCOS group vs. the control group (t-test
(P < 0.05)). Total serum testosterone of the PCOS group
showed significant raise vs. the control group (t-test (P <
0.05)). Whole the PCOS group had A total testosterone
level >60 ng/dL and in contrary the entire control group
didn't show any elevation >60ng/dl.

Conclusion: obesity of android (central) type was frequent
and prevalent among PCOS women. About 20-28% of
PCOS women was prediabetic or diabetic due to insulin
resistance and decreased insulin sensitivity. Hormonal
assay of LH, FSH, LH/FSH ratio and total testosterone
were all significantly elevated by two folds or more among
the PCOS women. It is not essential that a woman who had
polycystic ovaries by ultrasound to have PCOS.
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nteoduction

Polycystic ovary syndrome (PCOS) is one of the
most common endocrine disorders in women of
reproductive age. The overall prevalence of PCOS
among women in the reproductive age is ranged
between 4 - 8% 1 and 5 - 10% as well; it is the most
common endocrinopathy affecting women. * * ¥
Moreover, the prevalence may be as high as 30% in
women with secondary amenorrhea, 75% in women
with oligomenorrhea, and 90% in women with
hirsutism. ©

Stein and Leventhal first described PCOS in 1935
when they published their report of seven women with
amenorrhea, hirsutism, obesity, and enlarged
polycystic appearing ovaries. 7 But in fact, PCOS
had been initially described in 1844 by Chereau and
Rokitansky.(8> The definition of PCOS, most
commonly used today, arose from the proceedings of
an expert conference sponsored by the National
Institutes of Health (NIH) in April 1990 in the United

States (i.e. NIH 1990 criteria); They summarized
these criteria into the following major research criteria
(in order of importance) hyper-and-organism and/or
hyperandrogenemia, oligoovulation and exclusion of
known disorders such as Cushing’s syndrome,
hyperprolactinemia and CAH 59%.” A fourth
criterion was considered polycystic ovaries on
ultrasound which been particularly controversial.® *
But PCOS, as defined by ultrasonography (the
presence of 10 or more cysts, 2-8 mm in diameter,
arranged either peripherally around a dense core of
stroma or scattered throughout an increased amount of
stroma, and/or ovarian volume > 10 mL) should also
be considered as one of the possible diagnostic criteria
for PCOS."" '"Another expert conference was
organized in Rotterdam in May 2003, sponsored in
part by the European Society for Human Reproduction
and Embryology and the American Society for
Reproductive Medicine (i.e. Rotterdam 2003 criteria);
The proceedings of the conference noted that PCOS
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could be diagnosed, after the exclusion of related
disorders, by two of the following three features
ovarian dysfunction evidenced by oligomenorrhea or
amenorrhea, clinical evidence of androgen excess
(e.g., hirsutism and acne) and polycystic ovaries
according to ultrasonic diagnostic criteria."> ' ' 1% 19
Nowadays, it is well accepted that PCOS is a chronic
hyperandrogenic state that has many significant short-
term and long-term implications for patients such as
oligomenorrhea, amenorrhea, infertility, diabetes
mellitus, cardiovascular disease, increased risk of
endometrial cancer, and hirsutism.”

Obesity, which is seen in 50% to 65% of PCOS
patients, may increase the insulin resistance and
hyperinsulinemia, the correlation between
hyperandrogenism and insulin resistance has been
recognized in both obese and nonobese anovulatory
women. It is also clear that adiposity plays a essential
role in maintaining and presumably in generating
PCOS; evidence for this includes the often dramatic
improvement in menstrual regularity and in both
symptoms of hyperandrogenism and ovulatory
function in response to modest weight loss of 5%
body weight in women with PCOS."*'® Furthermore,
Many women with PCOS (between 38% and 88%) are
overweight or obese;'®'” because obesity per se also
contributes to features of hyperandrogenism even in
women with normal ovaries.'” The link between
obesity, hyperandrogenism, insulin resistance and
hyperinsulinemia in PCOS women likely to
determined genetically by candidate genes for PCOS
include those involved in the regulation of ovarian
steroidogenesis but also those genes that influence
body mass index (BMI) and adiposity. '

Of this study the objective is to evaluate the obesity ,
glycemic and hormonal criteria of women with
polycystic ovary syndrome.

YNethods

A case control designed study was carried out at the

National Diabetes Center (NDC) / Al-Mustansiryia
University in the second half of 2007. Total of 100
participants were studied in two different groups, age
and sex matched, formed of 50 women had PCOS and
50 healthy control women; ultrasonographic criteria
were depended for selection of PCOS group. Oral
consent was taken from all enrolled people, after
obtaining their agreements according to the medical
research and ethical regulations.
Data were collected from all participants regarding
their age, BMI, gynecological and endocrinological
history. Fasting blood samples were taken for Fasting
Plasma Glucose (FPG); 75 grams oral glucose
tolerance tests (OGTT) were conducted for all

participants. Also their serum were investigated for
the following hormones LH, FSH and testosterone.

Statistical analysis and recording of obtained data
were carried out by using Microsoft Excel - Windows
XP professional program. Differences are considered
to be of significance according to the t-test at level of
P <0.05.

Results

Women of the studied PCOS group age and age at
menarche were 27.62 = 5.74 and 12.0 + 1.06 years vs.
the control group were 25.42 + 4.94 and 11.64 + 0.69
years respectively, (t-test (P < 0.05)).

All women of PCOS group were experienced signs
and symptoms of ovarian dysfunction, evidenced by
oligomenorrhea or amenorrhea, and clinical evidence
of androgen excess as hirsutism, and infertility while
the control group did not experience any of such
evidences. (Table-1)

Prevalence of obesity among the two groups was
studied by comparing their BMI and waist/hip ratio as
parameters of obesity. (Table-1) BMI showed
significant difference between the two study groups
(t-test (P < 0.05)); about 98% of the PCOS group was
obese vs. 58% of the control group. Whilst the
waist/hip ratio showed insignificant difference (t-test
(P > 0.05)); despite this fact, the 0.72% cut-off point
for diagnosis of central obesity showed that about half
the PCOS group was obese; while the depending of
0.85% as a cut-off point of central obesity associated
with risk of cardiovascular disease, was prevalent in
8% of PCOS group. (Table-1)

Fasting plasma glucose (FPG) and 2 hours oral
glucose tolerance tests (OGTT) were used to evaluate
glycemic state of the study population, (Table-2). FPG
showed insignificant difference between the study
groups (t-test (P >0.05)); about 18% of the PCOS
group was Impaired Fasting Glucose (IFG, 100-
125mg/dl) and 2% diabetic (>126mg/dl) whereas the
entire control group was normoglycemic. Similarly,
the 2 hours OGTT test was used to assess the
glycemic state showed significant difference between
the two study groups (t-test (P < 0.05)); about 22% of
the PCOS group was Impaired Glucose Tolerance
(IGT, 140-199mg/dl) and 6% was diabetic
(>200mg/dl) whereas the entire control group was
normoglycemic.

The following hormones LH, FSH and total serum
testosterone were investigated among whole the
participants, (Table-3). Elevation in LH level was
highly significant in PCOS group vs. the control
group by about four folds 11.90 = 3.35 and 2.93 +
0.70 TU/l respectively (t-test (P < 0.05)). Similar
elevation of FSH founded among the PCOS group vs.
the control group by about two folds 7.57 £ 3.01 and
3.79 £ 0.87 IU/l respectively (t-test (P < 0.05)).
Moreover the LH/FSH ratio was elevated by about

two folds among the PCOS group vs. the control
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group 1.71% 0.71 and 0.80 £ 0.22 respectively (t-test
(P < 0.05)); elevation of LH/FSH ratio by <2 folds
noticed among 86% of the PCOS group and 14%
showed elevation by >2 folds, in contrary the entire
control group didn't show any elevation. Total serum
testosterone raised significantly, about five times,
among the PCOS group vs. the control group 112.4 +
44.4 and 23.2 £ 10.5 ng/dl respectively (t-test (P <
0.05)); all the PCOS group had a total testosterone
level >60 ng/dL, which is considered elevated, and
10% of them had total testosterone level >200ng/dl, in
contrary the entire control group didn't show any
elevation (>60ng/dl) (Table-3).

Qiscussion

All the NIH 1990 criteria and Rotterdam 2003

criteria were applied on the participants of PCOS
group since all of them experienced ovarian
dysfunction, infertility and hirsutism; (Table-1) in
addition to the biochemical and ultrasonic changes
which considered as golden standard for the diagnosis
of PCOS.*”
Different groups of investigators found that obesity is
a common feature among PCOS women; they found
in population of their studies, 10-38% of women with
PCOS have been reported to be obese (BMI =30
kg/m?, grade II obesity) ¢! ** ) which was less than
among our study; we found that 78% of PCOS group
were obese (BMI =30 kg/m?, grade II obesity) vs. 8%
among the control healthy group. But we noticed that
our results were in consistence with Dunaif et.al
findings, who stated that at least one-half of women
with PCOS are obese compared to normal women, *
and Ricardo Azziz who found that the most common
abnormalities in women with PCOS were increased
their BMI in 72.3% of them, ®* adding together with
earlier findings which shows that between 38% and
88% of PCOS women are overweight or obese, "> '¢
(Table-1). A likely explanation for the mechanisms
underlying the development of obesity in women with
PCOS is the combined effect of a genetic
predisposition to obesity in the context of an
obesogenic environment (poor unbalanced diet and
reduced exercise); the development of obesity in
women with PCOS in turn amplifies and may even
unmask the biochemical and clinical abnormalities
characteristic of this condition, the implication of that
was observed in many obese women with PCOS may
remained asymptomatic and did not become obese. '
Furthermore, the PCOS women tend to have android
type of obesity (central obesity) rather than the
gynecoid type. Central obesity, waist/hip ratio >
0.72%, found in about 54% of the PCOS group vs.
24% among the control group, ®” (Table-1).
Rosenfield found that PCOS is the single most
common endocrine obesity syndrome in females; and

obesity begins in mid-childhood and typically is
android in type, with a waist/hip ratio > 0.85%.?"
Our study showed waist/hip ratio > 0.85% among
PCOS group was 8% vs. 2% among the healthy
group, (Table-1). Central obesity with a waist/hip
ratio of > 0.85 is associated with cardiovascular
disease and is a marker for PCOS. 7"

However, our understanding of adipose tissue
physiology and pathophysiology explain its complex
role in the regulation of appetite, weight, metabolism
and reproductive capacity; also adipose tissue plays a
key role in the pathogenesis of various common and
complex disorders such as type 2 diabetes mellitus
and polycystic ovary syndrome (PCOS) .

Women of PCOS group in our study classified as
Impaired Fasting Glucose (IFG) and diabetics
according to their FPG (ADA criteria) ®® as 18% and
2% respectively; according to their 2 hours OGTT
(WHO criteria) classified as Impaired Glucose
Tolerance (IGT) and diabetics as 22% and 6%
respectively; ® while all the control group women
were normoglycemic, normal FPG and OGTT,
(Table-2). Findings of present study regarding FPG
and OGTT were less than that obtained from western
studies. It was well-known that Insulin resistance
precede the development of type 2 diabetes mellitus;
Glucose tolerance testing is important; as many as 35-
45% of PCOS patients will have impaired glucose
testing and about 7-10% will have type 2 diabetes
mellitus.®* *" Studies shown that 30-40% of women
with PCOS have impaired glucose tolerance, and as
many as 10% develop type 2 diabetes mellitus by the
age of 40.%2? These observations indicate that insulin
resistance and type 2 diabetes is a common finding in
women with PCOS independent of obesity and that
insulin resistance in obese PCOS is composed of dual
contributions, one unique to PCOS and the other
obesity-specific.®® Both obese and nonobese women
with PCOS have a higher incidence of insulin
resistance and hyperinsulinemia than age-matched
controls; however, obese women with PCOS have
significantly decreased insulin sensitivity compared
with nonobese women who have PCOS.®? Moreover,
women with PCOS are more likely to develop
gestational diabetes; ©®”  and in postmenopausal
women with a history of PCOS found a 15%
prevalence of type 2 DM .©9

The present study proved that LH level, FSH level and
LH/FSH ratio of PCOS group vs. the healthy control
group were elevated by four folds, two folds and two
folds respectively; in contrary the entire control group
didn't show any elevation. Also total serum
testosterone of all PCOS group was raised, >60 ng/dL,
and 10% of PCOS group had total testosterone levels
of >200 ng/dL which suggest a virilizing tumor,
(Table-3). LH hypersecretion is a characteristic
hallmark of PCOS, women with PCOS have an
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increase in both the LH pulse frequency and
amplitude, Increased LH, in turn, leads to an increase
in androgen production by the theca cells within the
ovary.'" ¥ Because of the pulsatile nature of
gonadotropin (GnRH)  secretion, there is a wide
"normal range" for both LH and FSH; therefore, a
single blood sample from a patient with PCOS will
frequently be in this normal range, > **but when it be
as high as our finding certainly, it could be depended
for diagnosis. The reason for these elevations was that
Insulin acts synergistically with LH to enhance
androgen production in the ovarian theca cells, insulin
also decreases hepatic synthesis and secretion of sex
hormone-binding globulin (SHBG), the protein that
binds testosterone in the circulation, thus increasing
the amount of free testosterone that is biologically
available.°>*” Women with PCOS and hyper-
insulinemia typically have elevated free testosterone,
but the total testosterone concentration may be at the
upper range of normal or only modestly elevated;"*®
but very high total testosterone level are not generally
seen in PCOS and suggest a virilizing tumor. ©**%
Although all the PCOS group were diagnosed
according to the ultrasonic criteria and they were
experienced symptoms of ovarian dysfunction such as
infertility, oligomenorrhea and/or amenorrhea and
hirsutism, some of them were not obese,
normoglycemic and their hormonal assay was normal
or a higher normal level. We should keep in mind the
golden statement, it is not essential that a woman have
polycystic ovaries to have the PCOS; polycystic
ovaries observed on ultrasound are a sign of PCOS
and not by themselves diagnostic of the disease,
furthermore the Polycystic ovaries are seen 67-86% of
the time in patients who have PCOS.** 744D

Conclusions

Obesity was frequent and prevalent among PCOS
women, at least three quarters are obese compared to
normal women; obesity was commonly presented in
android (central) type.

About 20-28% of PCOS women were prediabetic
(IFG and/or IGT) or diabetic due to insulin resistance
and decreased insulin sensitivity; it may need to pay
more attention as far as they are at higher risk to
develop type 2 diabetes mellitus, gestational diabetes
at the reproductive age and even after age of forty and
post menopause.

Hormonal assay of LH, FSH, LH/FSH ratio and total
testosterone were all significantly elevated by two
folds or more among the PCOS women.

It is not essential that a woman who had polycystic
ovaries by ultrasound to have PCOS, because
polycystic ovaries are a sign of PCOS and not
diagnostic for the syndrome, so detailed investigations
required to confirm the professional diagnosis.
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(Table-1)
The clinical and orthopometric studied parameters of PCOS and control groups.
Parameters PCQOS group Control group Notes
Infertility 100% -
Hirsutism 100%  -----
“(Obesity) BMI
Mean = SD (kg/m?) 33.62 + 5.59 25.40 + 3.50 t-test (P < 0.05)
<25 2% 42% Normal
25-29.9 26% 50% Grade I obesity
30-399 64% 8% Grade II obesity
> 40 8% - Grade I1I obesity

(Obesity) Waist/hip ratio

Mean £ SD (%)

0.710 +0.111

0.678 + 0.068
0.72 % cut-off point (central obesity)

t-test (P > 0.05)

<0.72 46% 76% No Central obesity
>0.72 54% 24% Central obesity
0.85 % cut-off point (central obesity associated with risk of cardiovascular disease)
<0.850 92% 98% No Central obesity
> (0.850 8% 2% Central obesity
(Table-2)
The biochemical glycemic parameters of PCOS and control groups.
Parameters PCOS group Control Notes
group
FPG
Mean + SD (mg/dl) 90.26 + 12.45 82.86 +7.11 t-test (P > 0.05)
<100 80 % 100 % Normal
100 - 125 8% - IFG, Prediabetic (ADA)
> 126 2% - Diabetic (ADA)
OGTT (2 hours)
Mean £ SD (mg/dl)  124.18 +42.10 91.34 +6.85 t-test (P < 0.05)
<140 72 % 100 % Normal
140 - 199 22% - IGT, Prediabetic (WHO)
> 200 6% - Diabetic (WHO)
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(Table-3)
The hormonal assay of PCOS and control groups.
Parameters PCOS group Control Notes
group

Luteinizing Hormone (LH)
Mean = SD (1U/l) 11.90 £ 3.35 2.93+0.70 t-test (P < 0.05)
Follicle-Stimulating Hormone (FSH)
Mean £ SD (1U/l) 7.57+£3.01 3.79£0.87 t-test (P < 0.05)
LH/FSH ratio
Mean = SD (%) 1.71£0.71 0.80£0.22 t-test (P < 0.05)
<2 86% 100%
> 2 14% -
Testosterone
Mean + SD (ng/dl) 112.4+44.4 23.2+10.5 t-test (P < 0.05)
60 ng/dl (the upper normal limit)
<60 e 100%
> 60 10000 -
200 ng/dl (high level and sign of virilism or virilizing tumor)
<200 90% 100%
>200 10% -

Al- Kindy Col Med J 2009; Vol .5 (1): P: 39

*From the Department of Medicine, National Diabetes Center (NDC), AL-Mustansiryia University,
Baghdad

Correspondence Address to: Dr. Tawfeeq F. R. AL-Augbi

Received at : 26-5-2008 Accepted at: 20-9-2008

Al-Kindy Col Med J 2008 Vol.5(1) 39 Original Article



