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ABSTRACT

Objective

To find out the estradiol to Sex Hormone Binding Globulin (SHBG) levels in polycystic ovary
syndrome (PCOS) and non PCOS infertile patients. '

Me_thOdOIOgy . . . . . gzzz:s:eiziffei’sl?;iology,
This was a comparative cross-sectional study. It was carried out at Jinnahabad Medical Center Khyber Medical College,
Abbottabad from January 2013 to July 2013. Study included 40 PCOS patients and 40 non-PCOS  Peshawar Pakistan.
infertile patients. After taking informed consent and detailed history, clinical examination and
ultrasound scans were performed. Blood samples were taken in early follicular phase of the menstrual
cycle.

Results

The data was analyzed by SPSS software version 19. SHBG was significantly decreased (p=0.008)
in PCOS (32.81432.54 nmol/L) compared to non-PCOS (40.65+21.67nmol/L). Estradiol to SHBG
ratio was increased in PCOS infertile group (p=0.006, PCOS=0.0340.025, Non-PCOS=0.013+0.011).
There was no significant difference in Estradiol levels. Body Mass Index was significantly raised in
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PCOS patients compared to Non PCOS (p=0.001).
Conclusion

SHBG levels were significantly decreased in PCOS patients while estradiol to SHBG ratio was

increased in PCOS patients.
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I INTRODUCTION

Polycystic ovary syndrome (PCOS) was first described by Stein
and Leventhal in 1935 when they described seven women with
amenorrhea and enlarged ovaries who resumed normal cycles after
wedge resection of the ovaries.! It was later found out that there is
characteristic polycystic appearance of the ovaries in this disease
which was subsequently called polycystic ovary syndrome.? This
syndrome is characterized by hormonal abnormalities which
primarily include hyperandrogenemia, hyperinsulinemia, increased
luteinizing hormone to follicle stimulating hormone ratio. Because
of these the patient presents with oligomenorrhoea or amenorrhoea
which leads to oligo-ovulation or anovulation thereby causing
infertility. Hirsutism which is male like hair distribution is a
common feature of these patients.?

Polycystic ovary syndrome appears soon after puberty because of
abnormal Gonadotropin Releasing Hormone (GnRH) pulse
circuitry and abnormal signaling pathways between hypothalamus,
pituitary and ovary as well as adrenal gland.* As ovulation is scanty
there is uninhibited secretion of estrogens

causing proliferation of the endometrium. This excess of estrogens
in blood is said to be because of extra glandular conversion of
androgens to estrogens and these estrogens are not released from
the ovary. In the polycystic ovary the granulosa cells produce very
little estrogen because of lack of formation of mature follicle.’ This
may be reason of infertility in PCOS patient because of lack of
ovulation.®

In PCOS there is increased levels of Luteinizing Hormone (LH)
because of defective GnRH signaling. LH acts on its receptors in
the ovaries causing increased activity of Cytochrome 450c17a. It’s
a bifunctional enzyme. The first step of this enzyme is to convert
progesterone to 17a-hydroxyprogesterone via 17a-hydroxylase
activity.” The second step of this enzyme is to convert 170-
hydroxyprogesterone to androstenedione via 17-20 lyase activity.®
In normal ovary this androstenedione is converted to estradiol via
FSH dependent aromatase enzyme in the granulosa cells but in
PCOS there is increased LH levels which causes increased
production of androstenedione which accumulates in the ovary.’ In
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PCOS there are decreased FSH levels and LH activity
predominates resulting in the accumulation of androstenedione.
This androstenedione promotes growth of the follicles to the antral
stage after which persistence of high levels of androstenedione is
damaging to the growing follicle and they become arrested in the
antral stage. Hence we see a large number of vesicular follicles in
a PCOS ovary.!" In the thecal cells of the ovary there is an enzyme
17-B reductase which converts excess of androstenedione to
testosterone which is the cause of hyperandrogenemia and
hirsutism in the PCOS.'!

Insulin resistance is due to post receptor binding defect leading to
defective intracellular signaling leading to increased secretion of
insulin from the beta cells of the pancreas and causing deranged
Oral Glucose Tolerance Test. PCOS are prone to develop type 2
Diabetes Mellitus later in life.!? Insulin supplements the actions of
LH on the ovary and acts as a co gonadotropin thereby increasing
the formation of the androgen androstenedione which is converted
to testosterone causing hirsutism.’

Sex hormone-binding globulin (SHBG) is a beta globulin
synthetized by the liver that binds to 99% testosterone in the
circulation. Only 1% of testosterone circulates freely. Decreased
SHBG levels leads to decreased SHBG bound testosterone and
increased free testosterone leading to oily skin, acne and hirsutism.
Hyperinsulinemia seems to be the suppressor of SHBG secretion
by the liver in PCOS patients.'3 SHBG also binds to the various
estrogens in the blood and decreased SHBG also causes increased
free estradiol in the blood leading to hyperestrogenism which
presents in the form of increased thickness of the endometrium and
scanty menstruation. In an animal study on PCOS induced mice it
was found that the implantation related genes are dysregulated and
artificial decidualization is also disrupted. The serum estradiol
levels were also raised in mice with PCOS. These two factors were
thought to be the cause of impaired implantation leading to early
miscarriage.'* Patients with PCOS are also at increased risk of
endometrial cancer.'

This cross sectional study was undertaken to check for differences
in various hormones in infertile patients both with and without
polycystic ovary syndrome. In this study we aimed to assess
whether estradiol to SHBG ratio was any different among these
patients and whether it can be a better marker of hyperestrogenism
than estradiol levels alone in this region of South Asia.

B METHODOLOGY

This was a comparative cross-sectional study conducted at
Jinnahabad Medical Centre, Abbottabad. The research took place
over a time period of six months from January 2013 to July 2013.
Ethical approval was taken from the Ethical Committee of Khyber
Medical University No.DIR/KMU-EB/SII/000018. Informed
consent was taken from all the participants in writing. A detailed
history was taken with special attention on menstrual history. A
general physical examination was done including examination of
the reproductive system. Body mass index and waist to hip ratio
was also checked.

Cases included females of reproductive age group from 20 to 45
years with polycystic ovary syndrome and suffering from
infertility. All the cases taken were meeting the Rotterdam Criteria
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for the diagnosis of PCOS. According to which if two of the
following three are present then the patient is suffering from PCOS.
(1) Menstrual disturbances in the form of oligomenorrhoea or
amenorrhoea, (2) Evidence of hyperandrogenism (clinical features
and/or biochemical elevation of testosterone) and/or (3) Polycystic
ovary on ultrasound.® Controls however included the same
reproductive age group women (20 to 45) years without PCOS
suffering from infertility which could be primary or secondary
infertility as per WHO guidelines.

Ferriman—Gallwey score was used for determining the degree
hirsutism. Nine areas of the body were scored which included upper
lip, chin, chest, upper back, lower back, upper abdomen, lower
abdomen, upper arms and thighs (0=no growth of hair and
4=excessive growth. Hyperandrogenism was taken as a score of
eight (8) or more.'® Abdominal ultrasound scan was performed for
examining the ovary. An ovary is considered as polycystic if there
are ten or more cysts measuring 2-8 mm in diameter, present
peripherally with a dense stroma, enlarged ovaries (>10 cm?).!”
Blood samples were taken in early follicular phase of the menstrual
cycle and were analyzed for estradiol and Sex Hormone Binding
Globulin (SHBG) using chemiluminescence assay.

Patients with pregnancy or co-morbidities like diabetes or
hypertension or use of medicines especially hormones and smoking
or drug abuse were excluded from the study. SPSS software version
19 was used for statistical analysis of the results. The data had a
non-normal distribution and Mann-Whitney U test was applied.

B REsuLTS

The mean age of PCOS group was 27.80+5.17 years and of non-
PCOS group was 28.10+4.10 years. There was no significant
difference in mean age at marriage, duration of infertility among
both groups (table 1). The mean estradiol levels in PCOS infertile
patients were 130.554+80.55pg/ml while that of infertile non-PCOS
group was 111.54+75.02 pg/ml. Eleven out of 40 patients in the
PCOS group had raised estradiol levels whereas 4 out of 40 patients
in the infertile group had raised estradiol levels. There was one
patient in PCOS group with exceptionally raised estradiol levels
and was removed from final analysis. The mean SHBG levels in
PCOS patients was 32.81+£32.54 nmol/L and were significantly
lower than non-PCOS infertile group 40.65+21.67 nmol/L
(p=0.008). In order to find the estradiol to SHBG ratio we
converted the estradiol levels from pg/ml to nmol/L by multiplying
estradiol by 0.00367 as given in the instruction manual (table 2).
The waist to hip ratio was determined. In PCOS infertile group the
mean waist to hip ratio was 0.86+0.07, 29 out of 40 patients were
centrally obese and in non-PCOS infertile group it was 0.85+0.06,
28 out of 40 patients were centrally obese. BMI of PCOS group was
greater than the BMI of infertile group without PCOS as indicated
by a p value of <0.01. The Ferriman Galeway score was used for
hirsutism. The mean score was increased in the PCOS infertile
group and was 9.67+5.09 and for non-PCOS infertile patients it was
4.67+1.95.

I bDiscussioN

Polycystic ovary syndrome (PCOS) is among the most common
endocrine disorders of women of reproductive age group and is also
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PCOS Non-PCOS
patients patients
(mean=SD) (mean=SD)

p-
value

Age at time of

. 27.80+5.17
sampling (years)

28.10+4.11 0.971

Age at marriage

20.05+4.12
(years)

19.15+4.28 0.324

Duration of primary

J79+£3. 26+3. .
infertility (years) 4.79+£3.97 5.26+3.31 0.438

Duration of
secondary infertility
(years)

4.92+2.54 5.76+4.19 0.805

Body Mass Index
(kg/m2)

.36+4.
29.36+5.49 23.36+4.06 <0.01

Waist to Hip ratio 0.86+0.07 0.85+0.06 0.546

Hirsutism 9.67+5.09 4.67+1.95 <0.01

Waist to Hip ratio above 0.82 is considered raised and central obesity is
present. Ferryman Galewey score for hirsutism was used and a value greater
than 8 is considered hirsute

Table 1 Comparison of time duration of infertility, Body Mass
Index and waist to hip ratio in PCOS and non-PCOS infertile

patients
PCOS Non-PCOS
patients patients p-
(mean+1SD) | (meanlSD) | value
n=39 n=40

Estradiol levels

130.55+80.55 | 111.54+75.02 | 0.405
(pg/ml)

Sex Hormone
Binding Globulin
Levels (SHBG)
(nmol/L)
Estradiol to
SHBG ratio

32.81+32.54 | 40.65+21.67 0.008

0.03+0.025 0.013+0.011 | 0.006

Table 2: Comparison of Estradiol levels in PCOS and Non-PCOS
infertile patients.

PCOS Non-PCOS

Infertile Infertile

patients patients
(kg/m?) (kg/m?)

Below 18.4(underweight) 0 5(12.5%)
18.5-24.9(ideal weight) 9(22.5%) 19(47.5)

25-29.9(overweight) 7(17.5%) 13(32.5%)
30-39.9(obese) 23(57.5%) 3(7.5%)

Over 40(very obese) 1(2.5%) 0

Table 3: Percentage of patients falling in different classes of BMI

one of the major causes of infertility. PCOS is present in almost
10% women of reproductive age group. With increased sedentary
lifestyle and refined sugars and carbohydrates in the diet along with
rapid urbanization the prevalence of this syndrome is increasing.'®
This syndrome is characterized by hormonal derangements but
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when these patients are assayed for hormonal imbalances they are
often in the normal range despite clear signs and symptoms. The
reproductive hormones estradiol (98%) and testosterone (99%) are
bound to a protein SHBG released from the liver leaving only 2%
free estradiol and 1% free testosterone as biologically active in
blood. In PCOS there is decreased SHBG secretion from the liver
due to hyperinsulinism. Thus free estradiol and free testosterone are
raised in the blood. There are various studies which state that Free
Androgen Index (Total Testosterone/SHBG x 100) is raised in
PCOS. Unlike Free Androgen Index which can be calculated easily
by a gynecologist the Free Estradiol Index is not easy because it has
albumin added in the formula.'®? In this study we checked
estradiol to SHBG ratio in PCOS infertile group and non PCOS
infertile group. to check if it can detect increased free estrogen
activity at tissue level.

In our study there was no significant difference in the estradiol
levels of the PCOS group and non PCOS infertile group. There
have been a lot of studies which state that the estradiol levels are
not raised in PCOS patients however there is increased levels of
estrone in PCOS patient and that is due to peripheral aromatization
of androgens in extaglandular tissues. Androgens are converted
peripherally to estrone which can result in endometrial
abnormalities.!® Another research also reported that the estradiol
level in the serum of infertile PCOS patients were in the normal
range?! In another study which compared the estradiol level in
follicular fluid as well as in serum reported that the serum estradiol
levels in infertile patients with PCOS was less than controls with
male factor infertility. However, there was no significant difference
in the estradiol levels in the follicular fluid between these two
groups?? In contrast, there are many studies which do say that
estradiol levels and Free Androgen Index are raised in PCOS
patients and SHBG levels are decreased.?* The findings of our
study were identical to another research conducted by Amato MC
et al. which also found normal estradiol levels in PCOS patient.??
They discussed that insulin resistance was a common and universal
characteristic of PCOS and that there were lean as well as obese
PCOS patients.?!

Raised insulin levels decrease the production of Sex Hormone
Binding Globulin from the liver which is the major globulin that
binds to the sex steroids testosterone and estrogen and thereby
increase the bioavailability of free forms of these hormones in the
blood. The adipose tissue is also a form of an endocrine organ with
aromatase activity which converts androgens to estrogens causing
abnormal secretion of gonadotropins and excessive estrogenic
effects on the endometrium.?* In this study the BMI of PCOS

infertile group was greater than the BMI of non-PCOS infertile
patients as indicated by a p-value less than 0.05. This result was
similar to other studies which show the presence of obesity in
PCOS.? Central obesity was present in both the groups indicating
that central obesity has a major role to play in causing hormonal
abnormalities. Obesity causes a condition called functional
hyperandrogenism and hyperestrogenism that results in
anovulation and endometrial dysfunction leading to infertility.?®
The Estradiol levels of PCOS and non-PCOS infertile patients were
similar to each other. The SHBG levels were decreased and
estradiol to SHBG ratio was increased in PCOS infertile group
compared to non PCOS infertile group.
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