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INTRODUCTION

The most common cause for physical and psychological stresses in post

pubertal young women are menstrual disorders and infertility.

. A survey conducted by World Bank in 2013 showed that the fertility
started dropping 10 years back with 17% decline every year from 2000

which was reported in a very popular magazine of India.

. In another famous journal survey, 10% of urban Indian couples in

reproductive age group are infertile.

Most females with irregular menses ignore this complaint till they are
criticized as infertile women. The leading causes for menstrual irregularity are
Polycystic ovarian syndrome and Hypothyroidism. Polycystic ovarian syndrome is the
most common endocrine disorder among the reproductive age group women 2 3 4
and it races with other metabolic disorders resulting in complications if left untreated.
PCOS is a complex disorder with chronic anovulation, hyperandrogenism and
hyperinsulinemia with multiple cysts in ovaries !, Western population studies show
the prevalence of PCOS to be about 4-8% among young women B* In India studies
show the prevalence of 5-10% M. Even though the definition of PCOS is not fully
established, they usually present with different complaints from simple acne to
complicated infertility based on their response to the available androgen. Most of
them are obese and are at risk of developing Diabetes mellitus,

dyslipidemia, metabolic syndrome, cardiovascular disorders, carcinoma of

endometrium or cervix 6781,



Hypothyroidism is another complicated disorder found particularly in young
reproductive age group women. Hypothyroid patients may present with simple
weakness and fatigue to complicated infertility. Apparently healthy young females
selected as controls in studies were found to have hypothyroidism incidentally and
that too in a higher percentage. This implies that many healthy looking women may
have subclinical or occult and even overt hypothyroidism that has remained
undiagnosed. They are identified only after developing complication or following a
routine health check up. Several women with menstrual disorder or infertility
attending gynaecology department were retrospectively analysed to have polycystic
ovaries and / or elevated serum TSH. PCOS and hypothyroidism both together or
individually adds the risk for infertility and menstrual irregularities. The burden of
infertility in India is in the ascending trend and the expenditure per birth in infertile
PCOS women has risen tremendously. Studies conducted in combining these two
disorders show that they are significantly related. The ultimate finding in PCOS is
hyperandrogenism which is aggravated in the presence of hypothyroidism. Screening
for hypothyroidism in PCOS patients in our population gives a better idea about the
epidemiology of this disorder and the importance of evaluating thyroid function status
in them. A study conducted by Sridhar et al. also supports the concept of treating
hypothyroidism first in patients having both these disorders and has found positive
results by doing so. These facts and findings from various literatures stimulated us to
conduct a cross sectional study about thyroid function status in newly diagnosed
PCOS patients by using a single and best indicator of thyroid function status- Thyroid

Stimulating Hormone (TSH).



REVIEW OF LITERATURE

Polycystic ovary Syndrome (PCOS) is the most common endocrine disorder of

1234 Tt is a heterogeneous group of disorder with

women in reproductive age group!
Hyperandrogenism (Ovarian), Hyperinsulinemia & chronic anovulation. The most
common cause of chronic anovulation and hyperandrogenism is Polycystic ovarian
syndrome. The term Poly cystic ovary is actually a misnomer, as there are only
multiple unruptured immature follicles. In 1935, Irving F. Stein and Michael L.
Leventhal first published a case series of about 7 women with amenorrhoea,
hirsutism, bilaterally enlarged ovaries, which was later known as POLYCYSTIC
OVARIAN SYNDROME (PCOS) Pl The definition of PCOS has undergone

.. i1y - . 61.
several revisions and still inconclusive ®

There are different nomenclatures given for this syndrome !’

1. Polycystic Ovarian Syndrome - PCOS
2. Chronic Hyper-androgenic Anovulation - CHA.
3. Functional Ovarian Hyper-androgenism - FOH

The presentation of PCOS in women varies from simple acne to infertility and
may even be associated with disorders like Diabetes mellitus, Hypothyroidism,
Dyslipidemia. This shows that the individual’s response to androgen varies i.e ethnic
variation exists *. They are at risk of developing Coronary artery disease, Metabolic
syndrome, Type 2DM, Endometrial cancer '“''' More than 50% of the PCOS
women are obese but can also present as lean individuals. Obese PCOS women have

higher risk of developing Insulin resistance & Infertility than lean PCOS women.



However lean PCOS women have their mean hormones (Androgens, Testosterone,

Estradiol) levels higher than their age matched controls.

This multi-endocrine disorder is more commonly found among teen aged girls
to early thirties i.e in the early phase of reproductive age of women. Even though
Hyper Insulinemia, elevated LH/FSH ratios are not included in criteria for diagnosing
PCOS, many women with this syndrome were found to have associated elevation of
fasting Insulin, raised LH/FSH ratio. Co-existence of Hypothyroidism in PCOS is

found in many young girls with menstrual irregularities and infertile women.

Thyroid hormone sensitivity by ovaries could be explained by the presence of thyroid

receptors in human oocytes!'!

PREVALENCE STATISTICS:

TABLE : 1
World '+ 3.7-8.6%
Europe!'! 6.5-8%
India ! 5-10%
Adolescent girls in India 9.13%
(15—18yrs)[14’ 13l
Young women in India 3.7%
(18-25 yrs)!'*1]

e In UnitedStates, 10% of women visiting Gynaecology out Patient department

were diagnosed to have PCOS and black women with PCOS showed defect in

insulin receptor at higher level than white women !

Even 20% of normal menstruating women also showed cystic ovarian

morphology by UltraSonogram "'



There exists a difference in ethnic response to the same androgen level & that
seems to be the cause for different level of presentations (acne to Infertility) with
same androgen level **). Among pre-menopausal women, about 10% of them with
glucose intolerance were related to Insulin resistance in PCOS. This suggests that
regardless of the age PCOS women are at risk of developing NIDDM %1, The

14, 18

percentage of PCOS in infertile women has increased to 30%. ! It is also

interesting to see that 75% of the women with secondary amenorrhoea fulfil the

Rotterdam diagnostic criteria for PCOSH? 2% 21}

PATHOGENESIS OF POLYCYSTIC OVARIAN SYNDROME:

The ultimate outcome of the disease is the development of follicles on the
ovary due to chronic anovulation. The core culprit for anovulation is
Hyperandrogenism, other factors includes Genetic & Environment. Patients with
PCOS were found to have menstrual abnormalities from the onset of menarche
indicating that they have failed to establish a regular menstrual cycle from the onset of
puberty. Along with cystic ovary, hirsutism, male patterned baldness, skin lesion like
Acne, seborrhoea are some of the features of Hyperandrogenism ** > %! Jeading to
Polycystic Ovarian Syndrome. The exact or the central pathogenesis is not clearly
known until now. The alteration in ovarian morphology (cystic) may be due to

disturbance at any one of the following level:
1) Hypothalamo-Pituitary-Ovarian axis.
2) Ovary (local)
3) Systemic disorder.

In Polycystic ovarian syndrome, the site of pathology is at ovary.



OVARY:

Anatomy & development:

Ovary, the female gonad, lies in ovarian fossa, one on either side of the lateral
Pelvic wall. In nullipara, the long axis of the ovary is vertical but in multipara It is
horizontal. In young girls before puberty the ovaries are Greyish pink & smooth.
After puberty, it becomes Grey & have uneven surface. Each Ovary has 2 poles, 2
borders, 2 surfaces. It is divided into outer cortex & inner medulla. After puberty, the
Cortex at any time shows various stages of development of Graffian follicles. Medulla
has no anatomical and physiological significance. The fallopian tube is proximal to
ovary. Ovum released during every menstrual cycle is picked up by the fallopian tube.

If fertilisation takes place embryo is formed if not normal menstruation occurs 27**

Ovary is formed from genital ridge which is formed from the coelomic
epithelium. Cords of cells proliferates from this germinal epithelium (coelomic) and
forms mesoderm (Sex cords). Primordial germ cells of yolk sac, migrates to ovarian
region & give raise to OOCTES. Sex cords are broken into small masses which is
enveloped by primordial germ cells that gives rise to PRIMORDIAL FOLLICLE.
Later, sex cords are replaced by cortical cords which give rise to FOLLICULAR
CELLS of ovary. Developmental arrest of the ovarian follicle may result in the
formation of one or more small cyst called ovarian cysts. Occasionally, ovary may

also possess Thyroid tissue or Adrenal tissues **.

7 million primordial follicles are present at the time of fetal growth. But at
birth, only 2 million ova are present and the remaining follicles undergo attrition. This

2 million ova enters 1* meiotic division but gets arrested at prophase. At the time of



puberty only 3, 00,000 ova are available and are called PRIMARY OOCYTES.

Others get atrophied by apoptosis.

Throughout the reproductive period of every woman, approximately 500 ova
are shed during ovulation. One ovum per menstrual cycle and the others are atrophied.
At the time of ovulation they complete the 1** meiotic division. This ovum released
during ovulation is the SECONDARY OOCYTE. If fertilisation occurs 2™ meiotic

division proceeds otherwise they are arrested in metaphase and are released P

Functions of Ovary:

1) To ovulate single matured ovum during every menstrual cycle.

2) To secrete Sex hormones (Androgen and estrogen & Progesterone).

A normal menstrual cycle, starts from 1* day of the current cycle to the 1% day
of the next cycle usually about 28 days, but varies (25-35 days). Menstruation lasts for

3-5 (rangel-8) days. Average bleeding is about 30mL (upto 80 mL).

According to one theory, the onset of menstruation is due to lysosomal
membrane leak in the endometrial tissues releases some enzymes. This helps in
formation of Prostaglandin from cell membrane phospholipid. The Prostaglandins
produced causes local inflammatory changes like vasospasm, endometrial necrosis,

bleeding and shedding of endometrial mucosa ©*"!



PHASES OF MENSTRUAL CYCLE:
1) MENSTRUAL PHASE:

The first phase in the cycle, during which shedding of mucosa & bleeding

takes place. 1%~ 5™ day.
2) PROLIFERATIVE/FOLLICULAR/PRE-OVULATORY-PHASE:

The second phase starts from 5t _ 14" day of the cycle. This is the estrogen
predominant part. The endometrium proliferates, new blood vessels are

formed, Follicles starts maturing.
OVULATION: occurs on 14™ day.
3) SECRETORY / LUTEAL.:

The third phase of the cycle from 14" day- 28" day of the cycle. In this Post-

ovulatory situation, Corpus luteum is formed which produces Progesterone.
OVARIAN CYCLE:

In the beginning of the cycle, several follicles on the ovarian surface start
enlarging & forms sac filled with follicular fluid. In human, one of the follicles starts
growing rapidly and by 6™ (5-7) day it forms the DOMINANT FOLLICLE. The
dominant follicle selection seems to be related to the ability of the follicle to secrete

sufficient estrogen, that is needed for final maturation.

A matured Graffian follicle has Theca externa & Theca interna just below its
capsule. Under Theca interna is the granulose cell layer that has FSH receptor. It
secretes estrogen, under the influence of FSH released from the Anterior pituitary.

Theca Interna cells has LH-Receptor that secretes Androstenidione (Androgen). This

8



androgen from the Theca interna enters in to the granulose cells where it gets

aromatised to Estradiol P>
REGULATION OF OVARIAN CYCLE:

Hypothalamus, the triggering centre for hormone synthesis, release
Gonadotropin Releasing Hormone (GnRH) in pulse. Anterior pituitary has
gonadotrophs in which receptor for GnRH is present. Luteinizing Hormone (LH) &
Follicular Stimulating Hormone (FSH) are the stimulating hormones released from
anterior pituitary. Granulosa cells of ovary has receptor for FSH, Theca interna has
receptors for LH. FSH stimulates the growth & early maturation of graffian follicle
which in turn secretes estrogen to the maximum level. LH surge takes place 36 hrs
just before ovulation. Frequency of GnRH secretion is activated by Estrogens but

inhibited by Testosterone & progesterone. GnRH stimulates the production of LH.

During the early part of follicular phase in menstrual cycle Estrogen is
produced in moderate amount which acts on negative feedback centre situated in
medial hypothalamus, LH is not produced now. But in late follicular phase estrogens
are produced in excess and that stimulates the positive feedback centre in anterior
hypothalamus inducing LH production. This production reaches the peak just 36-

48hrs before ovulation called mid-cycle LH surge ** 2

After ovulation, corpus luteum is formed it secretes mainly progesterone and a
very little amount of estrogen. Progesterone predominates estrogen in the luteal phase
and plays a vital role in pregnancy, if fertilization takes place. If not, it favours the

Prostaglandin formation and proceed towards menstruation.



FSH: (Follicular Stimulating Hormone)

It is a glycoprotein dimer, about 35.5KD. It has 2 polypeptide subunits o & p.
Like the o subunits of other hormones (LH, TSH, hCG), it is not specific. The P
subunit is more specific for its biological actions and binding with its (FSH) receptor.

The t% is 3-4 hrs **" Serum level varies to the phase of the cycle.

Reference Interval’ 1!

Follicular: 1.4- 9.9 mIU/mL
Mid-cycle peak: 0.2-17.2 mIU/mL

Luteal: 1.1-9.2 mIU/mL.
LH (Luteinizing Hormone):

Also known as Lutropin/ Lutrophin. It is a heterodimeric glycoprotein. Each
monomer has one a and one B subunit not covalently associated. The structure is
similar to other glycoprotein hormones. The B subunit is specific for its biological

function. Its t % is 20 min. Serum normal level for normal menstruating young

. . .34
women varies according to her phase of menstruation*

Reference Interval **
Follicular : 1.7-15.0 mIU/mL
Mid-cycle peak: 21-56.6 mIU/mL

Luteal: 0.6-16.3 mIU/mL.

10



GnRH: (Gonadotropin Releasing Hormone)

Also known as Luteinizing hormone Releasing Hormone (LHRH), It is a
trophic peptide hormone, synthesised and released from GnRH neurons within
pre-optic area of the hypothalamus. It occupies the first step in maintaining
hypothalamo-pituitary-gonadal axis. They act through GnRH Receptor, a seven
transmembrane G protein coupled receptor that stimulates phosphoinositide
phospholipase C which mobilizes calcium & protein kinase C, this activates protein in
the synthesis of GnRH. It has 2 seperate feedback centres in hypothalamus as

mentioned earlier, positive & negative feedback centre.

SYNTHESIS OF SEX STEROID HORMONES IN FEMALES 3% 36:371

SEX HORMONES: ANDROGEN
ESTROGEN

PROGESTERONE

ANDROGEN: (DHEA, DHEAS, TESTOSTERONE)

Ovarian (Theca cells): Androstenidione, Testosterone.

Ovarian source contributes to 25% of circulating Testosterone, 50% of
androstenedione, and 20%of DHEA. The marker of ovarian androgen is

Testosterone.

Function : Undergoes Aromatisation & Estrogen production and its biological effect.

Adrenal (Zona reticularis): Dehydroepiandrosterone and its sulphated form.

Adrenal gland contributes to 80% of DHEAS and DHEA, 50% of

Androstenedione, and 25% of circulating Testosterone. It is correctly known as

11



didehydroepiandrosterone. It is the most abundant endogenous steroid hormone in
human ©% produced by adrenal gland, gonad & brain. It is an intermediate in the
biosynthesis of androgen and estrogen. It has a variety of biological effects like
binding with its receptor, acting as neurosteroid °* DHEA and DHEAS are not
produced by the ovaries . The marker of Adrenal androgen is DHEA. Adrenal

androgen is under the control of anterior pituitary (ACTH).
Function: Pubic hair & axillary hair growth (secondary sexual characters)
MOLECULAR SITE: MITOCHONDRIA

Cholesterol is the essential molecule for all steroidal compound synthesis and
is supplied from (Lipoproteins) LDL Cholesterol or by de novo synthesis. This
cholesterol which is in cytoplasm moves from the it and is transported to the inner
mitochondrial membrane by a special transport protein called StAR —Steroidogenic
Acute Regulatory Protein. The rate of steroid synthesis depends on the rate of entry of
cholesterol into mitochondria rather than the Rate limiting enzyme (11ae OH lase)
[

39401 Steroid synthesis takes place mainly in the gonads (Ovaries in female & testes

in male) and to some extent in the adrenals.

Cholesterol

v

Pregnenolone

v

DHEA Progesterone — Cortisol

e

'‘Androstenedione — Testosterone — Dihydro-
J' testosterone

v

Estrone (E1) <+—> Estradiol (E2)

v

Estriol (E3)
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TESTOSTERONE: (C19H2802)

It is a C19 steroid is the principle androgen in men but also produced in
female. Peak production is 4:00-8:00 am with a nadir between16:00-20:00hrs [*! *3],
Active form is Dihydrotestosterone (DHT) & its formation takes place in skin &
prostate (male). Aromatisation of testosterone to estrogen takes place in many tissues
particularly in liver and adipose tissues. Only 2-3% of Testosterone circulates freely
in blood others are protein bound™*¥ Sex Hormone Binding Globulin(SHBG) has high
affinity but low capacity to bind testosterone (66-78%), and is the tightly bound form.
Albumin has high capacity for binding Testosterone but with low affinity (20-30%)

and is the weakly bound form ****,

Reference Interval °'"

Total Testosterone Adult (F): 15-70 ng/dL.
**Testosterone level > 60 ng/dL is more consistent with PCOS 7!

Free Testosterone Adult (F): 1.0- 8.5 ng/dL
Bioavailable Testosterone

It is the biologically available testosterone and includes both free and Albumin
bound form and usually accounts for 35% of the Total Testosterone “'**. Albumin
bound form easily gets disassociated from it and is available for tissue uptake. So,

bioavailable testosterone correlates with free testosterone, [*® 4% 3%

Reference Interval; !

Bio available Testosterone Adult (F): 0.6-5.0 ng/dL.
The serum level of sex steroids shows a pattern of spiking i.e.

- It has a peak in utero by 7" week of gestation-comes to baseline at birth

13



- Shows again a peak by 2-3 months after birth

- Goes to very low level till puberty.

ESTROGEN 12831

SOURCE: Granulosa cells of Ovary, Corpus luteum, and Placenta.

The parent compound for estrogen is Estrane: C18 compound with methyl group at

C13 and aromatic ring A. All estrogen has a hydroxyl group attached at C3.

VARIOUS FORMS: E1, E2 & E3

E1: Estrone (Ketone group at C17)

E2: Estradiol (Hydroxy group at C17)

E3: Estriol.

Functions:

a)  Growth of graffian follicle, growth of female reproductive tract, breast.

b) Increases secretion of Thyroid binding globulin & Angiotensin,

c) Itreduces cholesterol.

d) They are essential for female body configuration i.e. distribution and

deposition of fat in female.

14



Testosterone Androstenedione
17-ketoreductase

aromatase aromatase
" 17-ketoreductase
Estradiol - = Estrone
Hac/?il bk
&
HO™ HO

Theca Interna (ovary) is the site of androgen production and this androgen is
transported down to granulose cells for aromatisation and gets converted to estrogen .
Androstenedione is either directly converted into Estrone by aromatase or indirectly,
gets converted into Testosterone by 17B-OH steroid dehydrogenase, then converted to
17-B Estradiol by aromatase. 17 Estrdiol is the most biologically active form of
estrogen ! All sex steroids ( progesterone, androgens & estrogens ) are produced by
ovary but because they lack in 21a-OH lase & 11B-OH lases, they do not produce

other steroids like mineralocorticoids and glucocorticoids.
Reference Interval'"l;

12-17 yrs: 40- 410 pg/mL

Adult Female:

Early follicular phase: 20-150 pg/mL
Late follicular phase: 40-350 pg/mL
Mid-cycle: 150-750 pg/mL

Luteal phase: 30-450 pg/mL

In both sexes, sex steroids are transported through SHBG (a globulin) &

Albumin. SHBG has high affinity to bind steroids; Albumin has high capacity to bind.

15



In female, SHBG bind 66-78% of testosterone & 40-60% of Estrogen. Albumin binds
20-30% of testosterone & 40-60% of Estrogen. A very minute amount 2-3%circulates

freely (unbound).

SEX HORMONE BINDING GLOBULIN52% 5354551

A homodimeric glycoprotein having 2 laminin G (LG) domain joined by a
linker region. This LG domain serves like a pocket for steroid binding. The serine
residue in the pocket binds with different steroid at different points androgen to A
ring, estrogen to D ring. Sugar are attached at 2 different sites by N- glycosylation on
Asparagine and 1 O-glycosylation on Threonine. SHBG is produced mainly by the
liver other organs are brain, uterus, testes & placenta. Binding affinity for steroids are
in the order of DHT> testosterone> androstenediol> estradiol> estrone.
Bioavailability of sex hormones are influenced by SHBG. SHBG is influenced by
factors like other plasma proteins. SHBG 1is increased in pregnancy, oral

contraceptives, Hyperthyroidism.

SHBG is decreased in Hypothyroidism, obesity and liver diseases.

Causes of Increased SHBG

o Estrogens

e Thyroid hormone

e Pregnancy

o Estrogen-containing preparations
Causes of Decreased SHBG

e Androgens

e Synthetic progestins (norethindrone, norgestrel, desogestrel,

norgestimate)

16



e Glucocorticoids
e Growth hormone
e Insulin

e Obesity

e Acromegaly

e Hypothyroidism

e Hyperinsulinemia

CHANGES IN HORMONES TOWARDS PUBERTY: 3% 57 58I.

- Cortical androgen stimulating hormone starts elevating in both sexes.

- Hypothalamus and pituitary shows resistance to the negative feedback

given by estrogen.

- GnRH is released in pulse in night.

- GnRH-stimulates LH, FSH production till it reaches adult level.

- Through FSH, it stimulates- ovaries to produce estrogen - stimulates —

graffian follicle growth, uterus growth, breast development.

- These physiological & biochemical changes continues and accumulates

in menarche —the beginning of first Menstrual period.

Usually adrenarche precedes puberty, adrenal androgen begins to increase by 6-7 yrs

in girls*).

17



HYPERANDROGENISM :

The sources of Androgen may be from Ovary, Adrenal gland, & Peripheral

conversion.

CAUSES OF HYPERANDROGENISM P!
LOCAL:

1. Adrenal gland related: Hypersecretion / Tumor.

o Congenital Adrenal Hyperplasia (CAH)
e Non-classical CAH
e Tumor of Adrenal

e Cushing’s syndrome.

2. Ovary related:

e Polycystic Ovarian syndrome

e Tumor arising from Theca cells

SYSTEMIC CAUSE:

o Hypothyroidism
e Hyper-insulinemia. (Insulin Resistance)

e Hyperprolactinemia.

IN PCOS:

The proposed & accepted concept for ovarian hyper-androgenism is Cortical
stromal Hyperplasia / Stromal hyper-thecosis (Hyper-cellular thecal layer) [°* ®! 621,

Theca cells of graffian follicle has receptor for LH and produces androgen. It not only

produces andogen but also Activin & Inhibin-B. Activin, an activator or stimulator of

18



FSH. In PCOS, hyperplasia of thecal layer of ovary produces excess amount of

androgen and Inhibin B.

Inhibin B '%;

It is a non steroidal protein hormone having o & B subunits. It inhibits FSH
production but stimulates LH from Anterior pituitary. The mechanism by which it is
stimulates LH is not known. Inhibin is produced from ovary, pituitary gland, placenta,
corpus luteum and other organs. Inhibin B is now used as the marker of fertility in

both male and female.

Together with suppression of FSH by Inhibin, estrogen synthesised from
excess androgen (by aromatization) also gives negative feedback inhibition to FSH.
Stimulation of LH and inhibition of FSH collectively leads to increased LH/FSH ratio
even in the follicular phase which is against the normal physiology. FSH hormone is
the predominant one in the follicular phase and expected to be high when estimated

during these days (usually D,-Ds).

Low FSH from anterior pituitary is not sufficient enough for the growth of
graffian follicle and there is no dominant follicle formation. Prolonged suppression of
FSH & peaking of LH leads to chronic anovulation and formation of number of small
Immature, unruptured follicle filled with fluid (follicular fluid). Multiple immature

follicles found on the surface of the ovary give the picture and hence the terminology.

POLYCYSTIC OVARIAN DISEASE.

Hyperthecosis with multiple cysts causes enlargement of ovary, increases
volume and stimulates fibrosis of the stromal layer and capsule. As there is no

ovulation, corpus luteum is not formed and no Progesterone production. Occasionally,
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prolonged exposure to high estrogen level causes hyperplasia of endometrium and

shedding of them causing irregular menstruation.

There is a conflict over the concept that there exists or not in the defect of
central ovarian axis (Pituitary-Ovarian axis). Most of the scholars do not accept this
view because, many interventional studies have proved that Wedge resection of ovary
has shown to restore the normal ovarian cycle. From this, it is also confirmed that it is
only the ovarian androgen, the key cause for hyperandrogenism that has obstructed

the normal ovarian cycle M.

The overall effect is defect in development of ovarian follicle and induced
premature ovarian atresia. Together with the above findings in the ovary, when
patients have the below mentioned clinical features, then the complex disorder is
called POLY CYSTIC-OVARIAN SYNDROME. This finding in ovaries of women
having PCOS blends with the finding in ovaries of post menopausal Women where

. . 4].
the ovarian reserve is lost [*¥

MORPHOLOGY OF POLYCYSTIC OVARY:

The morphology of the ovary changes from smooth, soft pinkish structure to
enlarged pearly white, firm encapsulated organ. The number of primordial follicles
are found to be the same but the number of growing follicles are increased. Each
ovary contains more than 50 cysts. On cut section, it shows increased cortical

thickening with number of cystic follicles.
ANOVULATORY CYCLES

This is usually seen in the early months of onset of puberty & / few months

prior to menopause where normal menstruation takes place without ovulation .
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Prolonged an-ovulation alters the normal menstrual cycle. The length of the cycle
prolongs more than 35 days. Secretary phase / Luteal phase is always constant of
about 14 days but Proliferative phase may vary. Any change in the length of

menstrual cycle is only because of the variation in the proliferative phase 1),

In anovulatory cycles, the graffian follicle does not attains maturity as
expected and is not ruptured. This immature follicles formation if continues, then it
results in multiple follicles on the surface of the ovary along with enlargement of the
ovary volume called POLY CYSTIC OVARIAN DISEASE where chronic
anovulation and multiple cysts in the ovary is seen. The anovulatory cycles alters the
hormone levels particularly the estrogen and Androgens (Testosterone) which remains

elevated and is the important cause of infertility.

CAUSES OF ANOVULATION 66751,

Hormone Imbalance(70%)

Hypothalamus: Any disturbance in the Hypothalamo-pituitary-ovarian axis
alters the regular menstrual cycle.

e Pituitary: Tumor / Dysfunction

e Ovarian: Polycystic ovarian syndrome.

e Systemic.
Ovarian:

Polycystic ovarian syndrome, the leading cause for anovulation in women
going to infertility clinic. Up to 90% of cases of anovulation are by PCOS and is
usually hereditarym]. Anovulation in PCOS is disturbance in the normal ovulating

menstrual cycle. The abnormal antral follicles are formed due to immature follicle not
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able to rupture leading to anovulation. Elevated insulin also stimulates theca cells to
increase production of androgen via Insulin like growth factors. This again arrest

follicular development resulting in anovulation.

Systemic causes:

1) Hypothyroidism.

2) Hyperprolactinemia.

Functional cause :

1) Anorexia.

2) Stress.
3) Obesity .
HYPOTHALAMUS
PITUITARY — ANOVULATION <«—— OVARIAN
FUNCTIONAL SYSTEMIC DISORDER

| |

v v
AGE, NUTRITION, 1. HYPOTHYROIDISM
OBESITY, SMOKING, 2. DIABETES MELLITUS
INFECTION, DRUGS 3. AUTOIMMUNE

4. HYPERPROLACTINEMIA
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HYPERINSULINEMIA!78 .

In 1921, Achard & Thiers first described the association of Carbohydrate
metabolism with hyperandrogenism as “the diabetes of bearded women’’. In 1947,
Kierland et al, reported the skin lesions Acanthosis nigricans occurs frequently in

hyperandrogenism & Diabetes mellitus %],

Elevated Insulin level is a very common finding in PCOS patients though it is
not included in diagnostic criteria. Insulin is not only a hormone of metabolic pathway
but also has an important role in reproductive cycle. About 70-80% PCOS patients
were found to have Insulin resistance. According to a study conducted by the
Endocrine society of India, on PCOS women 23-35% were in Impaired Glucose
Tolerance (IGT) state and 4-10% had Type2 DM which are seven fold higher than
their age matched normal women. Indian women show difference in response to
glucose tolerance than white women. Obese women particularly truncal obesity
showed higher level of glucose intolerance than lean women but still lean PCOS
women have higher intolerance when compared with their age matched Controls.
Burghen et.al showed the association between Insulin resistance in PCOS women. He
found a high positive Correlation among Insulin and sex steroids like androstenidione,
testosterone in Polycystic ovarian syndrome patients "”) Ehrmann et.al, demonstrated
that those patients having dysfunction of beta cells of pancrease are at risk of
developing carbohydrate intolerance and Type 2 Diabetes mellitus among PCOS

women.

Hyper-insulinemia may be due to increased production of insulin or reduced
uptake of insulin by the peripheral tissues. The peripheral uptake is called clearance

and is receptor mediated. Any defect in the number and or function of the receptor
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causes decreased clearance of Insulin by the tissue. In PCOS, there is reduced

[80, 81

clearance leading to Hyper-Insulinemia I'but a little higher level of secretion by

beta cells also happens.

Insulin Resistance 8% %

Is the diminished biological response of the body below the normal level to
the available insulin. This diminished response may be due to decreased sensitivity or

decreased maximum responsiveness or both.

Peripheral resistance which is quantitated by Euglycemic glucose clamp test.
In this test a known quantity of L.V glucose and L.V basal insulin is given
simultaneously and serial arterial blood collection is done. The amount of glucose
given by L.V equals the amount of glucose taken up by the peripheral tissue, . This
phenomenon of peripheral uptake is called Insulin Mediated Glucose Disposal
(IMGD), more essential in skeletal muscle uptake than in liver or adipose tissue.
Euglycemic glucose clamp test is reduced in PCOS up to a level of Non-Insulin
Dependent Diabetes Mellitus indicates that there is reduced peripheral uptake.
Obesity in PCOS has synergistic negative effect in hepatic glucose production - an
important factor for Insulin resistance. Body fat has higher negative effect in Insulin

sensitivity in PCOS women [58,59].

Molecular view of Insulin resistance shows:

1) Pre-Receptor — Antibody mediated.
2) Receptor

3) Post receptor signalling pathway — PCOS level of resistance.

24



Insulin Receptor [84-891,

It is a cell surface hetero-dimeric receptor with 2a and 2 subunits joined by
disulphide bond. The 2a subunits has the N terminal ends, hanging outside of the cell
surface and has the ligand binding domain. The 2P subunits spans on the cell
membrane and extents intracellularly. It has the C terminal ends. The B subunit has
intrinsic Tyrosine kinase activity and stimulate auto phosphorylation of its own

certain tyrosine residue when the substrate binds.

Insulin Receptor belongs to a subfamily of protein tyrosin kinase receptor. Its
phosphorylation converts it into an activated receptor. This activated (phosphorylated)
receptor in turn phosphorylates intracellular substrate to initiate the signalling
pathway. The first substrate identified was Insulin receptor substrate complex IRS-1,
later IRS-2, IRS-3 were identified which binds to intracellular signalling substance
phosphotidyl inositol3 phosphate kinase (PI3-K) leading to Insulin mediated glucose

transport.

Insulin has a number of target tissue action like growth regulation, gene
expression regulation, etc. Now it seems that Ras-Raf MEK pathway regulates growth
PI3-K pathway in glucose uptake. But the termination of this signal is not completely
known.It is seems to be the phosphorylation of serine residue instead of tyrosine that
terminates the signal in EGF and other kinases, which may be the one that cause
termination in Insulin Tyrosin kinase through Protein kinase C (PK-C). This is the

step where the signalling pathway is disturbed and Insulin resistance is noted.

Insulin role in glucose metabolism is impaired in resistance but insulin
induced androgen synthesis is intact which is paradoxical. The overall effect of hyper-

insulinemia is Hyerandrogenism by decreasing hepatic Sex Hormone Binding
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Globulin production . The protein bound androgen is reduced there by free androgen

is elevated which causes the features of hyperandrogenism seen in PCOS women.

GENETIC FACTOR P*%,

It has a significant contribution to etiology as studies have prooved different
levels of response to the same level of androgen level among different ethnic group. It
runs in families siblings, mother, maternal aunt have the history of menstrual
irregularities or treatment for Infertility have PCOS features on retrospective analysis.
United Kingdom studies showed men with elevated LH/FSH ratio found to have 89%
of their daughters with PCOS. The inheritance pattern is supposed to be Autosomal
Dominant. In all the sub ship, 80% female were affected. Givens and associates from
university of Tennessee have reported multiple PCOS kindreds, showing members in

several generations

ENVIRONMENT P

This factor also exists in the pathogenesis. Obesity alone plays an important
role in etiology. Fatty diet, more intake of simple sugar or increased endogenous
production of fat- all contributes to elevated fat in blood which is directed towards

steroid genesis.

CRITERIA FOR PCOS "+,

In 1990, National Institute of Health (NIH) consensus workshop defined
PCOS as chronic anovulation with clinical & / Biochemical hyperandrogenism, with

exclusion of other mimicking etiologies like thyroid, Adrenal dysfunctions.

In 2003, the European Society for Human Reproduction / American Society of
Reproductive Medicine (ESHRE/ASRM) conducted a workshop in Rotterdam
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proposed that to diagnose a women with PCOS 2 out of 3 of the following should be
satisfied 1. Oligomenorrhoea & / anovulation, 2. Clinical&/Biochemical

hyperandrogenism and 3. Polycystic ovaries on Ultra sonogram.

Other etiologies should be excluded. Some argued that this expanded

Rotterdam criteria may over diagnose or misdiagnose PCOS.

In 2009, the Androgen excess & PCOS (AE-PCOS) society published a report
emphasizing that PCOS is primarily a hyperandrogenism disorder and proposed for
revision in the definition of hyperandrogenism and ovarian dysfunction, there by
encompassing the Rotterdam ultrasonogram criteria but requiring hyperandrogenism

for diagnosis.

In all the above said societies, they don’t separate the criteria for Adolescent
girls. But some authors says that the criteria proposed for adults poses diagnostic
problem as the characterestics of normal puberty overlaps with features of PCOS. So,

some have proposed criteria for adolescent girls and are much stricter than for adult.

Sultan and Paris: Adolescent girls should meet 4/5 of following criteria Pl

1) Oligomenorrhoea or amenorrhoea > 2 years after menarchy.
2) Clinical hyperandrogenism.

3) Biochemical hyperandrogenism.

4) Insulin Resistance / hyperinsulinemia.

5) Polycystic ovaries in ultra sound.

Carmina & colleagues suggested applying Rotterdam criteria but limiting

definitive diagnosis to adolescent girls only who meets all three criteria " *®" But
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adolescent girls PCOS criteria are not endorsed currently by the panel or society in the

field. They too have limitation of inappropriate early diagnosis.

Even though there are a number of definitions, the Rotterdam consensus is the
most widely accepted one across Asia, Europe and Australia and is used for
guidelines. Recently, in October 2013, the Endocrine society released a practical
guidelines to diagnose and treat PCOS which emphasise to use Rotterdam Criteria for

diagnosis.

REVISED ROTTERDAM CRITERIA 2003:

(DIAGNOSTIC CRITERIA FOR POLYCYSTIC OVARIAN SYNDROME)

Two of the following three criteria are required:

1. Oligomenorrhoea / Amenorrhoea.

Oligomenorrhoea: Cycle >35 days / < 8 cycles per year.

Amenorrhoea: Absence of cycle for 6 months who was menstruating regularly

2. Hyperandrogenism: Clinical / Biochemical

Clinical: Acne / Hirsutism / Alopecia / Male pattern baldness.

Biochemical : Serum Androgen (Testosterone) is elevated.

3. Polycystic ovaries on Ultrasound

>12 cysts, each 1-2mm diameter in the periphery of the Ovary giving Pearl

necklace appearance.

Other etiologies should be excluded such as Congenital Adrenal hyperplasia,

Adrenal tumors, Cushing syndrome, thyroid dysfunction, hyperprolactinoma.

28



Some authors have given major and minor criteria for diagnosing PCOS in which

USG finding of polycysts is considered only as minor criteria.

TABLE : 11

MAJOR CRITERIA MINOR CRITERIA

Chronic anovulation,Clinical signs of Onset at puberty

androgen excess Hirsutism Acne Insulin Resistance
Alopecia Menstrual disturbance )
Elevated LH:FSH ratio (> 2.5-3)

Infertility, Virilization, Exclusion of
Ultrasonographic evidence of polycystic
alternative causes of androgen excess. )
ovaries
Exclusion of alternative causes of

androgen excess

CLINICAL PRESENTATIONS:

1) MENSTRUAL IRREGULARITY: Oligomenorrhoea / Amenorrhoea.

2) METABOLIC FEATURES: Obesity, Dyslipidemia, Diabetes mellitus.

3) ACNE.

4) HIRSUTISM.

5) ALOPECIA.

6) ACANTHOSIS NIGRICANS.

7) INFERTILITY.

MENSTRUAL IRREGULARITY 11011

The most common presentation is oligomenorrhoea & / amenorrhoea, usually
secondary amenorrhoea but also present as primary amenorrhoea. Some may not have
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menstrual irregularities at all. Prevalence of amenorrhoea is 5% in general population

and 8.5% in post pubertal adolescent population.

Primary Amenorrhoea:

A condition in which a woman had never had menstruated so far.

Secondary Amenorrhoea:

Cessation of cycle at least for 6 months in a woman who had previously
normal cycles (75%). After excluding pregnancy, secondary amenorrhoea may be
caused by ovarian dysfunction, uterine dysfunction, adrenal, thyroid disorders,
pituitary, Hypothalamus dysfunction, psychological stress. It is classified into 2
groups either with or without accompanied hyperandrogenism. PCOS is the ovarian

cause for amenorrhoea with hyperandrogenism.

Oligomenorrhoea: Prolongation of menstrual cycle > 35 days / < 8 cycles per year.

HIRSUTISM [!02-105 .

It 1s defined as excess growth of terminal hair on androgen sensitive area. It
includes chin, upper lip, sternum, periareolar region, sideburns, umbilical, sacral and
pubic region. Hirsutism is different from hypertrichosis / vellus in which thin hair is
distributed throughout body & face & are depigmented. Hirsutism involves medulla

of hair, thick and pigmented.

Mechanism of Hyperandrogenism causing Hirsutism:

In hirsutism, there is increased sensitivity of the hair follicle to normal level of
circulating androgen and this causes excess hair growth. Androgen through androgen

receptor in dermal papilla has strong effect in hair growth. Any defect of the androgen

30



receptor results in hirsutism. It has opposite effect in hair follicle of scalp and the
follicle in body & face. Androgen stimulates the body & face hair but inhibit hair

growth in the scalp causing alopecia (male pattern baldness).

Idiopathic hirsutism — accounts for 6-50% of hirsutism.

Non-Neoplastic hirsutism - occurs at puberty.

70-80% hirsutism were affliated with PCOS.

ALOPECIA 1%l.

Hair loss in excess is a very rare presentation in PCOS women.

ACNE, 102, 106,107] .

A common pre menstrual finding in most of young girls. Severe cystic
comidones, painful and persisting is a typical in androgen dependent. Androgen have
profound effect on skin, its appendages, sebaceous gland and hair follicle, strongly
depends on biologically active androgen. In sebaceous gland, it stimulates sebocyte
proliferation particularly in the face and leads to increased sebum secretion. Within
the intra follicular duct of the pilo-sebaceous unit, androgen increases the rate of

mitosis and epithelial proliferation, leading to hyperkeratosis.

4 key factors for Acne

Increased sebum production.

Follicular hyperkeratinisation.

Colonisation of the pilosebaceous unit with propioni bacterium acnes.

Production of inflammation.
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OBESITY 1% 109 110].

It is increased deposition of adipocytes in the body.35-80% of PCOS women
presents with obesity, particularly central / truncal obesity. Obesity assessment is by

BMI & waist Hip ratio.
ACANTHOSIS NIGRICANS 221

A reddish black, thick, velvety lesion on the skin around the neck. It is an

external marker of Insulin Resistance. Also found in other auto-immune disorders.
METABOLIC FEATURES:

Alteration in lipid profile, elevated cholesterol, LDL, Triglycerides are
commonly found. In spite of increased level of Insulin, the tolerance to glucose is
diminished to an extent that it may lead to NIDDM"®"" Incidence of Hypertension
and Diabetes among postmenopausal women showed higher rate in those who had

PCOS in their early age.
INFERTILITY %1151,

WHO defines infertility as inability of a woman to conceive after one year of
unprotected intercourse (and there is no other reason, such as breast feeding or
postpartum amenorrhoea)!'®" Infertility also refers to the state of a woman who is
unable to carry a pregnancy to full term. The definition varies by different

international organizations.

The consequences of infertility are manifold and includes societal
repercussions and personal suffering. Infertility may have profound psychological

effects. In many cultures, inability to conceive bears a stigma. More than 50% of
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women visiting Infertility clinic were found to have PCOS. Chronic anovulation, the

major cause for female infertility in PCOS women.
Primary Infertility:
Couple without any successful pregnancy so far.
Secondary Infertility:
A woman who had conceived previously but unable to conceive currently.
Subfertility:
Defined as less fertile than a typical couple.
The distribution of infertility !''!):

1/3 — Female infertility, 1/3 — Male Infertility, 1/3 — Unknown.

Female infertility is around 48 million women, and varies according to
geographical location. In 2010, there was an estimate of 48.5 million infertile couples
Worldwide, highest rate regions included Eastern Europe, North Africa, the middle

East, oceania, and Sub-Saharan Africa (4],

According to the American Society for Reproductive Medicine (ASRM), Age,

Smoking, Sexually Transmitted Infections, and being overweight or underweight can

all affect fertility in women .

CAUSES OF FEMALE INFERTILITY:
Chromosomal disorders,

Anatomical & congenital defects in female reproductive system,
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1. The most common cause is ANOVULATION
2. Functional disorders,
3. Genitic & Environmental factors
ANOVULATION :
CAUSES:
e Hormonal imbalance
Hypothalamo-Pituitary-gonadal axis disturbance as mentioned early.
Systemic disorders.
o Functional disorders.
OVARIAN CAUSE (Major) of anovulation: (116, 1171

Female infertility caused by anovulation is called "anovulatory infertility", as
opposed to "ovulatory infertility" in which ovulation is present ! and they will have
normal menstruation. The most common ovarian cause for anovulation is

PolyCysticOvarianSyndrome (PCOS).
SYSTEMIC CAUSES of anovulation:
1. Thyroid gland disorders:

Thyroid gland dysfunction both hyper and hypothyroidism causes menstrual

problems. It alters the balance of reproductive hormones.
2. Diabetes mellitus

3. Auto-immune disorders.
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FUNCTIONAL DISORDERS (10-15%):
AGE:

Woman’s fertility is affected by her age. About 80% of the cycles
are anovulatory in the first year of menarche, 50% up to three years and 10% till sixth
year * A woman's fertility peaks in early and mid 20s, after which it starts
declining, and this declination accelerated after 35 yrs of age. For women aged 35,
about 94 out of every 100 who have regular unprotected sexual intercourse get
pregnant after three years of trying. For women aged 38, however, only 77 out of

every 100 do so. This proved that the fertility of a woman decreases as her age

Increases.
SMOKING:

Cigarette smoking interferes with folliculogenesis, embryo transport,
endometrial receptivity, endometrial angiogenesis, uterine blood flow and the uterine

myometrium.
SEXUALLY TRANSMITTED DISEASES:

This one of the leading causes of infertility.
NUTRITION & OBESITY:

About 12% cause of infertility are due to nutrition a woman either
being underweight or overweight. Fat cells also produces estrogens by aromatization,
in addition to the primary sex organs. Too much body fat deposition causes

production of excess estrogens (hyperestrogenism) and the body begins to react as if it
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is on birth control (OCPills), limiting the odds of getting pregnant. As estrogen is a
vital hormone in fertility, too little body fat causes insufficient production of estrogen
and disruption of the menstrual cycle. Both under and overweight women have
irregular cycles in which ovulation does not occur or in inadequate rate. Proper
nutrition in early part of life is a major factor for later fertility. Dr Barbieri of Harvard
Medical School has noted that cases of anovulation are quite frequent in women with

a BMI (BODY MASS INDEX) over 27 *¢/,.2.
CHEMOTHERAPY 8.

Therapuetic / stimulating drugs poses a high risk for infertility. Female
infertility by chemotherapy may be secondary to premature ovarian failure by loss

of primordial follicles.
HYPOTHYROIDISM

Hypothyroidism — a Greek word. Hypo-refers to “under” Thyroid refers to
“Thyroid gland”. It is also called as “Hypothyreosis”. Hypothyroidism is one of the
most common endocrine disorder seen among young women. It is defined as
deficiency of thyroid hormones secretion & action that produces a variety of clinical
signs & symptoms of hypometabolism [''*'?°! In children, the hypofunctioning gland
leads to under development of intellect and physical growth called “Cretinism”.

Hypothyroidism is more common in females than males.

Thyroid gland dysfunction (hypo-function) causes a variety of symptoms
involving the entire body resulting in mental and physical sluggishness. The features
may be due to decreased hormone synthesis or the effects of decreased thyroid

hormone in target tissue. They have tiredness, cold intolerance, rapid weight gain,
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menstrual irregularities, either in excess called menorrhagia or Amenorrhoea. They

may also present with depression, anxiety. Hypothyroidism in early pregnancy

increases the risk of pre-eclampsia, still birth, cretin child !'*!'?,
PREVALENCE:
TABLE : 111
1. General population'* 10-11%
2. Reproductive age women %] 2-4%
3. Infertile women !'*! 23-37%
4. Pregnant women [125] 0.3-0.5%
5. Western population ! 0.3-0.4%
6. Subclinical Hypothyroidism ['*%'*"! 3-15%

There are many temporary and permanent causes for reducing thyroid
hormone secretion and there by leading to hypothyroidism. In most of the conditions
the problem starts from the gland per se and sometimes from pituitary or

hypothalamus.

TYPES OF HYPOTHYROIDISM:

1. Primary hypothyroidism

2. Central hypothyroidism

3. Congenital hypothyroidism

PRIMARY HYPOTHYROIDISM: '’

This is the most common type of hypothyroidism. The defect is within the

gland, i.e. insufficient production of thyroid hormones. This may be due to nutritional
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deficiency of lodine, which is the most common cause for Primary hypothyroidism in
Iodine deficient area. Autoimmune thyroiditis is the most common cause of

hypothyroidism worldwide and in non-lodine deficient area.

CAUSES OF PRIMARY HYPOTHYROIDISM: ['**]

ENDOGENOUS EXOGENOUS
AUTOIMMUNE IODINE DEFICIENCY
INBORN ERRORS OF DRUGS
HORMON DYSGENESIS
DEVELOPMENTAL POST-SURGICAL
DISORDER OF GLAND

RADIOTHERAPY

Autoimmune Thyroiditis:

In autoimmune condition, the body’s immune system is directed towards
itself. This is the most common cause for primary hypothyroidism worldwide and the
prevalence is higher in population taking iodine rich diet. Hashimoto thyroiditis,
atrophic thyroiditis and post partum thyroiditis are the autoimmune thyroid diseases
of the thyroid gland. In all these forms, the gland is diffusely infiltrated with
lymphocytes. Both T cells and B cells are deposited in equal amount in the gland. The
T cells are mistakenly tricked as invaders of its own cells. This stimulates B cells to
produce antibodies called auto antibodies which destroys the thyroid gland.

Autoimmune thyroiditis is usually associated with other autoimmune disorders like
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vitiligo, Sjogren’s syndrome, pernicious anaemia,etc. It occurs in syndrome of

multiple Autoimmune Endocrinopathies like:

Type 1: Adrenal failure, hypoparathyroidism

Type2: Diabetes mellitus (typel), ovarian and adrenal failure.

Hashimoto Thyroiditis:

Most common thyroiditis found in United States. It is a genetic disorder
named after a Japanese doctor who first described the inflammation of thyroid gland.
It is 20 times more commonly found in female than males. Environmental factors also
contribute to this condition. Goitre (enlargement of thyroid gland) is usually found in
these patients. Hashimoto thyroiditis causes permanent damage to the gland and they

need treatment throughout their life.

Atrophic Thyroiditis:

This type of thyroiditis is similar to Hashimoto but without goitre.

Riedel’s Thyroiditis:

It is a rare form of thyroiditis in which the thyroid gland is filled with fibrous

tissues and there by converting the consistency of the gland from soft to stony hard.

Post-partum Thyroiditis:

Hypothyroidism can also occur due to antibodies developed toward thyroid
gland during pregnancy which causes inflammation of the gland after delivery halting

the thyroid function.
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Subacute thyroiditis:

About 10% of hypothyroid cases are due to sub-acute thyroiditis.

The patient may have silent / painless form or painful / granulomatus form.

Todine abnormalities:

Both deficiency and excess of iodine causes hypothyroidism.

Drugs:

Amiodarone contains iodine which interfers with thyroid hormone synthesis,
Lithium which inhibits thyroid hormone secretion. Drug induced hypothyroidism is

reversible on discontinuation of the drug.

CENTRAL HYPOTHYROIDISM: [*"]

Here the defect is at higher level involving pituitary or hypothalamus. Patients
are symptomatic, with laboratory finding of low freeT4 but TSH not elevated as
expected may be normal or even below the reference level. It may be secondary
hypothyroidism, if it involves pituitary gland like surgery or irradiation, congenital
disorders of pituitary, pituitary apoplexy, sub-arachnoid haemorrhage. Tertiary

hypothyroidism if it involves the hypothalamus.

CONGENITAL HYPOTHYROIDISM: ['*"!

Thyroid gland dysgenesis, Thyroid dyshormonogenesis, mutation of gene for
enzyme concerned with thyroid hormones synthesis, maternal antibodies, associated

with congenital disorder.
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BIOCHEMICAL CLASSIFICATION OF HYPOTHYROIDISM:

a) Subclinical Hypothyroidism '** 3% 34,

1261271 and in this

The prevalence of subclinical hypothyroidism is 3-15% !
condition patients have persistently elevated TSH (6-12 wks), but asymptomatic,
serum free T4 within reference interval. The serum TSH being > SuU/ mL but <10pU
/mL. If untreated they may progress to overt hypothyroidism. Every year about 2%-
4% of subclinical hypothyroid patients are progressing to overt hypothyroidism.
Incidence of SCH increases with age, female gender and greater intake of dietary
iodine intake They are found among those who have antibodies and those who don’t
have it. Subclinical hypothyroidism can cause infertility and miscarriages ['**" They

[

. . 1 . .
are more prone to develop cardio-vascular diseases *®.. There is controversy in

treating the patient or not who have TSH <10pU/mL.

b) Overt Hypothyroidism 132, 1331,

A condition in which serum TSH is elevated more than10uU / mL, with
symptoms of hypothyroidism. Free T3 and FreeT4 remains elevated only in

borderline amount. Usually TSH rises only after the fall in T4 / T3.

TABLE : IV
TSH T4 INTERPRETATION
Normal Normal Normal thyroid function
Elevated Low Overt hypothyroidism
Normal / Low | Low Central hypothyroidism
Elevated Normal Subclinical hypothyroidism
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THYROID GLAND & ITS HORMONES 1371381391

Thyroid gland is a reddish brown butterfly shaped mass of glandular tissue
present in front of the neck. It is a paired structure connected by an Isthmus. The
gland extends from C5-T1 vertebra, and occupies tracheal rings T2, T3, T4. It is the
first endocrinal gland to develop by about 24™ day of Gestation. It originates as a
proliferation of endodermal cells of median surface of developing pharyngeal pouch
(1 &2). The precursor of thyroid gland arises as mid line out pouching from foregut to
form thyroid diverticulum. The thyroid gland descends from the diverticulum
completely to its place by 7™ week. This later gets solidified and then divides into 2
lobes. From 10™ week onwards, fetal thyroid follicles and thyroid hormones are
demonstrated. Thyroid hormone shows a trend in serum throughout the life. They rise
from in utero till birth, within hours of birth they reach a peak (cold stress), by ond 3md

day it falls . TSH rises gradually as age increases.

Microscopically Thyroid gland consists of Thyroid follicle/ Acini covered by
basement membrane, Para follicular cells. Each follicle is spherical shaped structure,
lined by epithelium. These epithelial cells may be squamus or cuboidal and their
height determine their activity. Centre of the acini is the lacuna that contains colloid

composed of Thyroglobulin (Tg)
THYROID HORMONE SYNTHESIS 211401,

Iodine (I,) in the diet is converted into lodide (I') in the intestinal lumen before
it gets absorbed. 20%of absorbed iodide enters the circulation and 80% is excreted
through urine. Iodide by circulation enters the thyroid follicular cells through Na / I"
symport, Na returns out through Na-K ATPase pump. Iodide, through Pendrin, a

glycoprotein transporter reaches the lacuna where it is oxidised / organified back to
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Iodine by Thyroperoxidise (TPO). Thyroperoxidase is code by TPO gene and requires
iron for its action, glutathione is the cofactor for this enzyme.During this oxidation
hydrogen peroxide is produced in the apical membrane by Dual Oxidase Enzymes
(DUOX1 & DUOX2). Mutation in this enzyme leads to hypothyroidism [141].
Thyroglobulin in lacuna binds with iodine to form Moniodothyronine (MIT),
Diiodothyronine(DIT), Triiodothyronine(TIT), Tetraiodothyronine(TIT) or Thyroxine
(T4). Thyroglobulin with T3/T4 serves as reservoir of thyroid hormone within the

colloid.

Thyronine is produced by substitution of 2nd phenol group for phenolic ‘H” in
Tyrosine residue of Tg by ether linkage. 4 possible sites of iodine attachment are 3, 5,

3’& 5°. 3 & 5 are in the inner a ring 3’& 5’ in the outer [ ring.
T4 (thyroxine): 3, 5, 3’ & 5’ Tetra iodothyronine.

T3: 3,5, 3° Tri iodothyronine. (80% formed by extra thyroidal conversion of

T4-T3)
rT3: 3, 3’& 5’ reverseTri iodothyronine, an isomer of T3 biologically inactive.
Thyroglobulin (Tg): [140]

It is a homodimer of 66KDa containing 134 tyrosine residue among which
only 25-35 alone are iodinated. It has 2 subunits and has 10% carbohydrates. They are
synthesised by the ribosomes of rough endoplasmic reticulum in follicular cells. 75%
of glandular protein is thyroglobulin and a very little amount of Tg is released into
circulation without iodination. TSH is the principle stimulator of Tg synthesis.

Normal serum concentration is 3-40 ng/mL. When TSH is within normal range, each
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gm of tissue produced Ing/mL of Tg. Thyroglobulin is the marker of thyroid

cancer.

Thyroid follicular cells have receptor for TSH, when TSH stimulates the gland
Tg is taken up by the follicular cells by pinocytosis & forms vesicle. This vesicle
fuses with primary lysosome and forms secondary lysosome. It digests the Tg and
releases T3 & T4 into thyroid capillary. MIT, DIT within the cell in deiodinised by
Dehalogenase (Dhall& Dhallb) to free iodine and recycled back to new hormone
synthesis. There are 3 homodimeric deiodinase (selenium dependent) for the

peripheral metabolism of Thyroxine (T4).
D1 - Outer & Inner ring deiodinase.
D2 - Outer ring deiodinase.
D3 - Inner ring deiodinase.

About 80% of T3 comes from 5’ deiodination of T4 in the peripheral tissues &
20% from thyroid gland. T4 to T3 is regulated by D1/ D2/ D3. 40% of T4 is
converted toT3 & 45% to rT3. Liver, kidney, brain, brown fat, anterior pituitary,
pineal gland, heart, skeletal muscles are the organs involved in peripheral conversion.
After sufficient amount of conversion, a small amount of T4 is conjugated with
sulphate or glucouronic acid and excreted through bile which undergoes entero-

hepatic circulation.

It is proved that T4/T3 enters the target cell through an organic anion
transporter called Mono Carboxylate Transporter (MCT-8, 10) "' This mechanism
was previously thought to be a passive diffusion. A special Organic anion transporting

polypeptide, 1C (ONTPI1C) is found in astrocytes. Within the target cells T3 (the
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active form of thyroid hormone) binds with its receptor (intra-nuclear), act as a

transcription factor and bind with DNA through Zinc finger motif.
Thyroxine (T4) '*:

This is a tyrosine based hormone with 4 iodine groups at 3, 5, 3°, 5” secreted
by the follicular cells of the thyroid gland. The major form of thyroid hormone in
blood is thyroxine. This hormone, undergoes deiodination in the peripheral tissues
and thyroid gland and converted to T3, the biologically active form. The half life of
thyroxine is longer than T3 . The ratio of T4:T3 is roughly 20:1 in the circulation. In
blood, most of the hormone is protein bound and only a little part is free and is the

active form freeT4. The major regulator of TSH and TRH release is freeT4.
Thyroid Hormone Binding Receptor :

It is a steroid hormone gene super family. Has 15 times more affinity for T3
than T4. It is of 2 types o and B. a has 3 subunits, B also has 3 subunits. a 1 is
expressed throughout the body. Maximum TR is in anterior pituitary & adipose tissue
which are mostly occupied by T3. T4/T3 binds with its receptor and regulates gene
expression. They have ubiquitous effect in growth and development in all age

regulates calorigenesis, BMR throughout the life. It also stimulates blood vessel.
MOLECULAR LEVEL ACTION OF THYROXINE"*:

1) Increases O, consumption within tissues.

2) Enhances mitochondrial metabolism.

3) Increases sensitivity of catecholamine to heart tissue & rises heart rate and

contractility.

45



4) Stimulates protein synthesis & carbohydrate metabolism.

5) Increases the synthesis & degradation of cholesterol and Triglycerides.

6) Increases vitamin requirement.

7) Regulates calcium & phosphate metabolism.

PHYSIOLOGICAL ROLE OF THYROXIN:

e Metabolic rate: Increases the oxygen consumption of the cell byincreasing
2,3 BisPhosphoGlycerate (2,3BPG). T3 binds with its Receptor (intranuclear)
and this complex T-R binds with DNA through Zinc finger and increases the

transcription of enzymes in the metabolic pathway.

e Carbohydrate: Increase intestinal absorption, Protein: Increase protein
catabolism, Lipid: Decreases Cholesterol in blood byincreasing LDL-Receptor

in liver.

e Colorigenic action: Mobilizes fat from adipose tissue and increases the NaK-

ATPase activity.

¢ Milksecretion: stimulated.

e CNS: Increases Reticular activating system.

o Skeletal muscle: Weakness (protein metabolism).

e Reproduction: Normal ovulation by menstruation and Fertility.
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In Circulation % 1511,

T3 & T4 are mostly bound with protein, and the unbound form (0.1%) is
biologically active. So, only free Thyroid hormone correlates with the clinical
condition of the patients. The concentration of free T4 is 10 times higher than free T3
in blood. T3 is ~ 15 times more active than T4. This narrows down the effectiveness

between the two hormones. Free T4 is the major regulator of TSH secretion.

TABLE : V

THYROID BINDING THYROID TRANSTHYRETIN ALBUMIN
PROTEIN (TBP) BINDING (TTR)

GLOBULIN

(TBG)
Concentration 4-4.5 mg/dL. | 10-20 mg/dL 3.5-5g/dL
Affinity for T4 High Modest Low
T4 capacity 22 120 1000
(mcg/dL)
T4 distribution 67% 20% 13%
T3 distribution 53% 1% 46%

Albumin, Pre-albumin (TBPA), Transthyretin, Thyroid Binding Globulin
(TBG) are the proteins involved in binding with T4 & T3. The capacity of Albumin
for binding with Thyroid hormone is high when compared to TBG, but the affinity for
Thyroid hormone to bind with TBG is higher than Albumin. Totally, TBG binds more
T4 than albumin. Protein bound T4=99.98% and protein bounded T3 is 99.80%. i.e
0.02% of T4 is free and 0.2% of T3 is free in circulation '**. The euthyroid status is
maintained even when the TBG is elevated or decreased. Alteration in serum TBG

profoundly affects total T3/T4 without affecting free hormone level.

47



REGULATON OF THYROID HORMONE SECRETION:

Hypothalamo - Pituitary - Thyroid gland axis has a negative feedback system
in regulating thyroid hormone. The major feedback centre is Anterior Pituitary

(thyrotrophs) and not the hypothalamus.
Thyrotropin Releasing Hormone (TRH):

It is a tri-peptide (Proglutamate-Histidyl-Prolinamide) hormone produced by
paraventricular nuclei of hypothalamus. TRH-Receptor (TRH-R) is a G protein
coupled receptor in anterior pituitary thyrotroph cells. When TRH binds with its
receptor, it stimulates the release of TSH from pituitary and also helps for its
glycosylation. It modifies the sensitivity of thyrotrophs to negative feedback. When
TRH is high, the sensitivity is decreased and when it is low, the sensitivity of
thyrotrophs to negative feedback is increased. High TRH reduces the TR in
thyrotrophs, so less sensitivity to negative feedback which stimulates TSH release in

excess that is what happens in hypothyroidism.
TRH+R
TRIGGERS Ca" INFLUX

v

INCREASED INTRA CELLULAR Ca™"

v

PHOSPHOTIDYL INOSITOL CASCADE —— RELEASE OF

PROLACTIN

TSH RELEASE & GLYCOSYLATION
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Thyroid Stimulating Hormone (1401,

The primary regulator of Thyroid hormones is Thyroid Stimulating Hormone
(TSH), also called as Thyrotropin. It is a 30KDa, heterodimeric glycoprotein having o
& P subunit. It is secreted by thyrotroph cells of anterior pituitary. The a subunit is
similar to a subunits of LH, FSH, hCG and has 2 oligosaccharides. The B subunit has
10 oligosaccharides & specific for TSH & its activities. Active form is glycosylated
TSH, Non glycosylated form loss potency but retains immune reactivity. Free T4 &
TSH has inverse relationship that 50% fall in T4 rises TSH by 100 fold. TSH

secretion is lowest in the late afternoon and highest around hours of sleep.

Elevated TSH indicates that the gland is not functioning to produce adequate
Thyroxine. The receptor for TSH is in thyroid follicular epithelial cells. TSH
Receptor (TR) is a glycoprotein having 743 amino acids. Its molecular weight is 84.5
KDa and is a G protein coupled receptor. It acquires 2 mode of confirmation, ON

(Receptor with TSH) and OFF (Receptor without TSH).

TSH+Receptor

¢

PHOSPHOTIDYL INOSITOL PHOSPHATE

|

DAG IP;
PL-C
INTRA CELLULAR Ca™"

SYNTHESIS OF Tg H,O, SYNTHESIS  Na/ISYMPORT (I' INFLUX)
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Only free T4/ freeT3 have feedback regulation and not the protein bound
form. TSH in turn is regulated by the higher centre thyroid Releasing Hormone (TRH)

produced by Hypothalamus.
Reference Interval® 4% 1481501

National Academy of Clinical Biochemistry (NACB) reference level for adult

is 0.3-3ulU/mL. In United Kingdom, the reference range suggested is 0.4-4.5uIU/mL.
TSH: 21wk-20yrs: 0.7-6.4 pU/mL, 20-54yrs: 0.4-4.2 pU/mL
Free T4: 2wk-20yrs: 0.8-2.0 ng/dL, 21-87yrs: 0.8-2.7ng/dL.

The lower limit of TSH for diagnosing hypothyroidism is not exactly
determined so far. It has ethnic variation, age variation. According to American
Thyroid Association (ATA) — 2012 recommendation, serum thyrotropin (TSH) is a
single and best test for screening primary hypothyroidism in adults for outpatient
situations. Treating the patients having TSH level in subclinical states (<10pU/mL) is
tailored according to the patients !'*”). Worldwide accepted parameter for screening of

neonatal hypothyroidism is TSH 1",

DYSFUNCTION OF THYROID HORMONE IN MENSTRUATION &

FERTILITY [15%156l:

Thyroid hormones secretion is essential for growth & development of
reproductive organs. It plays a vital role in maintaining fertility. The impact of
hypothyroidism in menstruation has been reported from 1950s. Hypothyroidism in
reproductive age group women cause anovulation or Luteal phase defect, which in
turn causes menstrual cycle to occur less frequently (oligomenorrhoea) or even to stop
(amenorrhoea). Rarely do they also result in premature ovarian failure. Animal
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research has shown collagen deposition within the ovarian intracellular matrix '°'l. In
human hypothyroidism causes mucopolysaccharides (hyaluronic acid& chondroitin
sulphate) deposition in various organs including ovaries and this increases the ovarian
volume. Finally, results in dysfunctioning of ovary. Menstruation tends to be
increased in hypothyroidism and decreased in hyperthyroidism but very often they
present with oligo/amenorrhoea. Hypothyroidism induced oligo / amenorrhoea is
either directly by increasing androgen or through another hormone Prolactin, a

hormone for lactation usually after delivery.
MECHANISM OF ANOVULATION IN HYPOTHYROIDISM %71,

There exists a common regulator at the level of Hypothalamo-Hypophysial
axis for the secretion of Prolactin and Thyroid Stimulating Hormone. When Thyroxin
level decreases in blood, it triggers Thyroid Releasing Hormone (TRH) from
Hypothalamus, which not only stimulates the Thyroid Stimulating Hormone (TSH),
It also stimulates prolactin release from anterior pituitary leading to
Hyperprolactinemia. When Prolactin is increased, the body considers as if in
lactation and birth control status and causes anovulation. In hypothyroidism the
combined effect of hyperprolactinemia and hyperandrogenism leads to chronic

anovulation, and infertility.
MECHANISM OF HYPERANDROGENISM IN HYPOTHYROIDISM: 138!

At the Hepatic level, Thyroid hormone influences the synthesis of Sex
Hormone Binding Globulin (SHBG). Hyperthyroidism stimulates protein (SHBG)
synthesis but Hypothyroidism inhibits SHBG synthesis. SHBG has high affinity

toward sex hormones (Testosterone, Estrogen). So,reduced SHBG increases the free
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androgen (Hyperandrogenism) i.e. free Testosterone, the biologically active form

and the cause for all clinical features.

Ghosh S et al, interventional study conducted by Institute of Chemical
Biology, Reproductive Biology Research division, Calcutta proved the hypothesis -
hypothyroidism causes elevation of free Testosterone by reducing SHBG, there by
producing multiple cysts in ovary due to hyperandrogenism. Sergei Avdiushko study
in Oct 2012, have also shown that treating hypothyroidism in such patients have
reduced their ovarian volume and the cysts have disappeared. So, infertile female with
overt or subclinical hypothyroidism should not be ignored. Polycystic ovarian
syndrome together with hypothyroidism either overt or subclinical have become
fertile after correcting hypothyroid alone and this shows that reducing the serum TSH
will reduce free testosterone, estrogen, ovarian volume, bring back the fertility. A
woman diagnosed as PCOS should be evaluated for hypothyroidism without fail. The
very first test to evaluate thyroid function status is estimating TSH level for women
attending infertility / Gynaecology clinic. TSH was alone used for screening

hypothyroidism in by Linclon et al!'*

and setting the upper physiological limit for
TSH is still under investigation. This occult hypothyroidism which is a treatable cause
for menstrual disorder and infertility if detected early could be treated. By an easy and

simple tests like serum TSH the burden of the disease could be assessed. All the

above factors and concepts made us to conduct this study with our population.
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EVALUATION OF THYROID FUNCTION TEST

TSH
Increased Normal Decreased
M v
Free T4 No Further Test Free T4
v v
ﬂ : Thyroid Hormone Resistance ﬁ : Pri. Hyperthyroidism
N: Subclinical Hypothyroidism N: Do Serum T3
ﬂ: : Pri. Hypothyroidism ﬂ :Central Hypothyroidism

Evaluation of Thyroid function status begins with detailed history, physical
examination, and biochemical investigation. In biochemical investigation, the very
first test is estimation of serum TSH. If it is within reference limit, then this rules out
thyroid disorder and they need not be subjected to further evaluation of thyroid
function. If TSH elevated, then the next step is to estimate the T4, ideally free T4. The
cause for hypothyroidism may be gland dysfunction or peripheral tissue uptake
disorder (resistance) where thyroxine is in adequate amount without its physiological
role. The overall effect is hypometabolism and other features of hypothyroidism. This
stimulates the anterior pituitary to secrete TSH so, whatever the etiology may be the
effect of reduced active thyroid hormone is elevated TSH.Thus, TSH is sufficient for
screening hypothyroidism and we have followed this protocol in screening for

hypothyroidism in our study population.
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There are different assay for estimating TSH. Shifting towards more sensitive
methods 2 decades ago prompted a change in strategy for laboratory investigation of
thyroid dysfunction. Depending upon the analytical sensitivity, the assays are given

generation numbers. First generation, second, third, fourth generations are available.
Generations and their analytical sensitivity:

1** generation: 1mU/L or 1(uU/mL)

2" generation: 0.1 mU/L

3" generation: 0.01 mU/L

4™ generation: 0.001 mU/L

Using highly analytical sensitive technique is gives the better resolution and

perfect assessment.
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Anterior Prituitory
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(-)

Acne

Hirsutism

Inhibin Free Androgen
(Testosterone) Anovulation

Infertility

Reduced
SHBG TSH

Prolactin

Hypothalmus (TRH)
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1)

2)

AIM AND OBJECTIVE:

To assess the Thyroid function status using serum TSH and estimate the
prevalence of hypothyroidism in newly diagnosed PolyCystic Ovarian

Syndrome patients.

To compare certain hormones and parameters between euthyroid and

hypothyroid patients having Polycystic ovarian Syndrome.
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MATERIALS AND METHODOLOGY:

In our study, we selected 73 post pubertal women who came with complaints
of menstrual irregularities for a period of three months and /or infertility from
Institute of Obstetrics & Gynaecology and medical Endocrinology clinic attached to
Madras Medical College. With the ultrasound evidence of polycystic ovaries we

proceeded the study. This study was approved by Institutional Ethic Committee.

Study design: A cross sectional, observation study.

Inclusion criteria :

1.  Women aged between 15-35 yrs with menstrual irregularities or Infertility.

2. PCOS confirmation based on revised Rotterdam criteria 2003: (2 / 3 criteria

should be satisfied)

1. History of oligomenorrhoea (cycle lasting more than 35 days) or long

cycles /Amenorrhoea (no cycles in the past 6 months).

2. Clinical and / or Biochemical features of hyperandrogenism.

3. Ultra sonogram finding : Multiple cysts (> 12 in number of 1-2mm)

either one or both ovaries.

Other cause of hyperandrogenism like Congenital adrenal hyperplasia, Virilising

tumor, Prolactinoma, Cushing syndrome should be ruled out.

Clinical hyperandrogensm is defined as to have acne and / or hirsutism and / or

androgenic
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pattern of alopecia. Biochemical hyperandrogenism was defined as elevated
testosterone .

Exclusion criteria:

1. Patients on treatment for Hypothyroidism, Oral contraceptives,
Anticonvulsants, Metformin.
2. Other conditions mimicking PCOS were ruled out by detailed history and

complete physical examination.
PHYSICAL EXAMINATION:
1)  Height (cms): Measured with Inch tape.
2)  Weight (kg): Measured in weighing machine.

3) Waist circumference: According to WHO, the waist circumference should be
measured at the midpoint between the lower margin of the last palpable rib and
top of the iliac crest using a stretch resistant tape ">, This point will be roughly

1 inch above the umbilicus.
(Ethnic specific value for Asian Indian Female : 80 cm) ']

4)  Hip circumference: According to WHO, the Hip circumference should be
measured around the widest portion of the buttock, with inch tape parallel to the

floor.

BIOCHEMICAL INVESTIGATIONS:

1) Fasting Blood Glucose.
2) 2hrs post glucose.

3) Fasting (TSH) Thyroid Stimulating Hormone.
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4) Fasting Insulin.

5) Total Testosterone.

CALCULATED PARAMETERS:

1) HOMEOSTATIC MODEL ASSESSMENT OF INSULIN RESISTANCE (
HOMA-IR):
A valid method of assessing Insulin Resistance is HOMA-IR.
Homeostatic Assessment Model of Insulin Resistance (HOMA-IR)

= Fasting plasma Insulin (uU/mL) * Fasting plasma glucose (mmol
22.5

2) BODY MASS INDEX (BMI)/ QUETLET INDEX:

It is defined as the individual’s body mass divided by the square of their height, with

the value universally being given in units of Kg/M?

BMI = Weightin Kg

Height in Metre?

WHO BMI CLASSIFICATION [62

BMI RANGE CATEGORY
Very severely underweight <15
Severely underweight 15-16
Underweight 16-18.5
Normal 18.5-25
Overweight 25-30
Obese class 1 30-35
(moderately obese)
Obese class 2 35-40
(severely obese)
Obese class 3 >40
(very severely obese)
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3) WAIST/ HIP RATIO: It is the ratio of Waist circumference to Hip

circumference.lt is an Index of central obesity.

Normal; <0.85.

WHO STEPS: states that abdominal obesity is defined as a waist/Hip ratio >0.9 for
male and >0.85 for female, or Body Mass Index >30- ']

Patient preparation:

Patient was advised to come in 8-10 hrs fasting. They were adviced to take
their dinner by 8 PM on the previous day, then no food should (carbohydrate diet) be
taken. Next day morning tea / coffee / any carbohydrate drink should avoided. Patient
was to sit in a chair calmly and with stretched forearm. Blood was drawn by 7-8AM
under aseptic precaution.  Fasting sample was collected for Glucose, Insulin,
Testosterone, TSH, then 75gm of glucose dissolved in 300ml of water was given to
the patients and allowed to take for a period of 5 min. Post glucose sugar sample was
taken 2 hrs after drinking glucose.In the mean time patients were instructed not to do

exercise or walking for long distance.
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BLOOD SAMPLING:

Fasting Glucose:

SmL of blood was drawn from cubital vein. The collected blood was
transferred in to a plain test tube and kept aside without any disturbance. After the clot
was formed completely (15-20 min) it was centrifuged for 15-20 min at 2000 rpm and
the clear serum was separated and aliquoted for Glucose and hormone assay. Serum

for hormone assay was stored in deep freezer at -20°c until it was processed.
2 hrs Post Glucose:

Two hours after Glucose load, ImL blood was drawn from the cubital vein,
and then transferred to a plain clean test tube. The blood collected was kept
undisturbed for few minutes. After separation of the clot, it was subjected to
centrifugation for 15 min at 2000 rpm. Clear serum was taken for estimating Glucose

level.
FASTING BLOOD GLUCOSE ESTIMATION:

METHOD: Trinder’s GLUCOSE OXIDASE- PEROXIDASE-using ERBA Glucose

reagent.
PRINCIPLE :

Glucose present in the sample is oxidised by (GOD) Glucose Oxidase in the
reagent to Gluconic acid and hydrogen peroxide. This hydrogen peroxide produced is
cleaved in to water and nasent oxygen by peroxidase in the reagent. The nasent
oxygen binds with the substrate 4-Amino Anti pyrin (4-AAP) and phenol. After the

Incubation period it gives pink colored complex Quinoneimine dye. The intensity of
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the colour formed is directly propotional to the concentration of glucose present in

the sample. The color formed is measured at 520 nm by Spectrophotometer.

Glucose-oxidase
Glucose+ O, + HLO ——  Gluconic acid + H,0,

Peroxidase
H.O, + Phenol + 4-AAP 5 Quinoneimine dye + H20

(Pink Color)

ASSAY PARAMETERS:
Mode: End point

Wavelength: 505nm

Sample volume (uL): 10

Reagent volume (uL): 1000
Reaction time: 5 min

Linearity: 500 mg/dL

Standard concentration: 100 mg/dL

Blank absorption limit: 0.2

PROCEDURE:

1000pL of GOD-POD reagent (ERBA) was taken in a dry clean test tube, to that
10pL of the sample was added and mixed well. It was kept under incubation for
10 min. After 10 min, reading was taken in a spectrophotometer at 510nm. The

concentration is directly propotional to the intensity of the color formed.

Reference Interval:
Fasting Blood Glucose = 70-110 mg/dL
Post Glucose = <140 mg/dL.
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CHEMILUMINESCENCE!®41%%]

Principle:

A chemiluminescence reaction is any chemical reaction in which one of the
products of the reaction is light. The enzyme peroxidise can react with molecules such
as luminal (5-amino-2,3-dihydro-1,4-phthalazinedione) to yield light as part of the
reaction product. The luminol reaction results in photon emission in the range of 400-
450nm. The low photon yield is enhanced by using enhancers (luziferin, 6-
hydroxybenzothiazole), the reaction can be followed for many minutes with several

thousand times increase in photon output.

The peroxidase is often part of an enzyme labelled immunoassay system in
which peroxidase is the label. The reaction can be measured by very sensitive

photomultiplier tube.
The major advantage of the technique is : High sensitivity.
The major disadvantage is : It needs separation step to remove matrices.

Other dye system that produces quantitative chemiluminescence reaction use
aromatic acridinium esters and the dioxetanes. The acridinium esters are oxidised
most often by hydrogen peroxide to yield light, whereas the dioxetanes are made into
stable phosphate ester derivatives that, when hydrolysed, become spontaneously
degraded, yielding light as one of the product. A light beam at 680nm is used to create
singlet oxygen atom O**. These very reactive singlet oxygen atoms react with a dye
to yield light, which in turn is transferred to a flurophore dye that emits fluorescence

light.

62



Bio-luminescence: The naturally occurring chemiluminescence.

Electro-chemiluminescence: This is based on the formation of an exited state

chemical intermediate that returns to the ground state by emitting a photon.
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INSULIN ASSAY:

METHOD: AUTOMATED IMMUNOASSAY TECHNIQUE-

CHEMILUMINESCENCE using Siemens ADVIA Centaur XP system.

PRINCIPLE:

Insulin assay, is a two site sandwich immune assay using direct
chemiluminescent technology, which uses constant amount of two antibodies. The
first antibody, in the LITE reagent, is a monoclonal Mouse anti-Insulin antibody
labelled with acridinium ester. The second antibody, in the solid phase, is a
monoclonal Mouse anti Insulin antibody, which is covalently bounded to

paramagnetic particle.

PROCEDURE:

Before estimation, the sample was completely thawed, mixed then placed in
the rack and it was ensured of no fibrin or any other particulate matters or bubbles in

the sample.

1) The sample tube was labelled properly with the sample number and
placed in the sample rack in queue provided in the system.
2) The reagent is also kept in the reagent tray/disc. The position for the

reagent was fed into the system.

3) 25uL of the sample was dispensed into a cuvette.

4) 50uL of Lite reagent was added into the cuvette and incubated for 5

min at 37%
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5) Now dispense 250uL of solid phase and incubate for 2.5 min at 37°c.

6) After the incubation time, the magnetic particles were washed with
reagent water.
7) Next, 300uL of each acid and base reagent were dispensed to initiate

chemiluminescent reaction.

The chemical light reaction was measured by the Photo Multiplier Tube
(PMT). A direct relationship exists between the Insulin present in the sample detected

by the system and the amount of Relative Light Units (RLUs)
REAGENTS IN ADVIA CENTAUR:
1. LITE REAGENT:

SmL / reagent pack: monoclonal mouse anti insulin antibody (0.24pg/mL)
labelled with Acridinium ester in buffered saline with bovine serum albumin, Sodium

azide (<0.1%), and preservatives.
2. SOLID PHASE:

25mL/ reagent pack: monoclonal mouse anti Insulin antibody (6.0pg/mL)
covalently coupled with paramagnetis particles in buffered saline with bovine serum

albumin, sodium azide (<0.1%), and preservatives.
3. INSULIN DILUENT:

10.0mL / reagent pack: buffered saline with casein, potassium thiocyanate

(3.89%), sodium azide (<0.1%), and preservatives.
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CALIBRATION: Two point calibration interval Using IRI calibrator, two

point calibrations was done using a Calibrator Assigned Value card.

QUALITY CONTROL.:

Bio-Rad Immnuoassay plus control 1, 2 & 3 were used.

Each control was reconstituted with 5.0mL of CLRW (Clinical Laboratory

Reagent Water).

The reportable range in ADVIA centaur Insulin assay is 1-1500 mU/L.

Reference Interval : 3.3-22.1 mU/L

Interferences: Hemolysis, Lipemia, Jaundice shows <6% changes in results.
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TOTAL TESTOSTERONE ASSAY:

METHOD: AUTOMATED IMMUNOASSAY TECHNIQUE —

CHEMILUMINESCENCE using seimen’s ADVIA Centaur XP system.

PRINCIPLE:

Competitive Immunoassay using direct Chemiluminesence technology.
Testosterone in the patient sample competes with Acridinium ester- labelled
testosterone in the LITE reagent for a limited amount of Polyclonal rabbit anti
testosterone antibody bounded to monoclonal mouse anti- rabbit antibody, which is
coupled to paramagnetic particles in the solid phase. The assay uses Testosterone
releasing agent to release bound testosterone from the endogenous binding protein in

the sample.

PROCEDURE:

Samples were loaded in the entry queue and analysed as follows

1) 15uL of sample and 50uL of Releasing agent were dispensed into a cuvette.

2)  After ensuring that the Probe wash is perfect, now dispense 50uL of LITE

Reagent and 300uL of solid phase and incubate for 5 minutes at 37C.

3) It separates, aspirates and washes the cuvette with reagent water.

4) Dispenses 300uL each of Acid reagent and Base reagent to initiate the

chemiluminescent reaction.

5) Aninverse relationship exists between the amount of Testosterone present in the

sample and the amount of Relative Light Units.(RLUs) detected by the system.
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REAGENTS:

ADVIA Centaur TSTO Ready pack (Primary reagent pack).

1)

2)

3)

LITE REAGENT: 2.5mL/ reagent pack has acridinium ester-labelled
testosterone (~ 3.2 ng/mL) in buffered saline with preservatives.

(maintained at 2-8°C)

SOLID PHASE: 15mL/ reagent pack has polyclonal rabbit anti
testosterone antibody (~0.03pg/mL) bound to monoclonal mouse anti-
rabbit antibody (0.53ug/mL) covalently coupled to paramagnetic
particles in buffered saline with sodium azide (0.1%) and preservatives.

Stored at 2-8C.

PROBE WASH: 10mL/ reagent pack has buffered saline with sodium

azide (0.1%) and preservatives.

ADVIA Centuar TSTO Ready Ancillary pack (Releasing agent pack).

It has 5.0mL/ reagent pack has steroid releasing agent (~0.1pug/mL) in buffered saline

with Sodium azide (0.1%) and preservatives. It is also stored in 2-8°C.

ADVIA Centuar : Ready pack Ancillary reagent pack:

Multi-Diluent 3 has 5.0mL/ reagent pack. It has human plasma with Sodium azide

(0.1%) stored at 2-8°C.

CALIBRATION: Two point calibration
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QUALITY CONTROL.:

Two levels of Quality control materials were used and treated along with all

Sample. Bayer Health Care material were used. Expiry date was checked.

DILUTION : For serum having high value of Testosterone (>1500ng/dL) automatic
dilution was programmed in the system using Multi-Diluent 3. Dilution factor 5 is

applied.

Reference Interval:

Young Female: 14-76 ng/dL.

Interference: Hemolysed, Lipemia, Jaundice sample showed interference in the

assay.
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THYROID STIMULATING HORMONE (TSH) / THYROTROPIN ASSAY:

METHOD: AUTOMATED IMMUNOASSAY TECHNIQUE —

CHEMILUMINESCENCE using Siemens ADVIA centaur XP system.
PRINCIPLE:

A 3™ generation TSH assay is a Non-Competitive two site Sandwich
immunoassay using direct chemiluminometric technology. It uses constant amount of
two antibodies. The first antibody, in the LITE reagent is a monoclonal mouse anti-
TSH antibody labelled with acridinium Ester. The second antibody, in the solid phase,
is a polyclonal sheep anti-TSH antibody which is covalently coupled to paramagnetic
particles. These two antibodies holds the analyte of interest tightly. Seperation of
magnetic field and washing removes materials unbound to the solid phase.
Chemiluminescent substrate added to the reaction cuvette generates photons (light),
light generated by the reaction is measured by the Luminometer. The photon
production is propotional to the amount of conjugate bound to solid support. A direct
relationship exists between the amount of TSH present in the patient sample and the

amount of relative light units (RLUs) detected by the system.

PROCEDURE:

Serum was thawed completely and mixed well before keeping in the sample tray.
Fibrin, particulate matter and bubbles were checked before analysis.

1) The sample tube was labelled properly with the sample number and
placed in the sample rack.
2) The reagent is also kept in the reagent tray/disc. The position for the

reagent in fed in the system.
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3) 200uL of the sample was dispensed into a cuvette.

4) 50uL of LITE reagent and 225uL of solid phase were dispensed into
the cuvette and incubated for 7.5 min at 37 c.

5) After incubation, it separates, aspirates and washes the cuvette with
reagent water.

6) Then, it dispenses 300uL each of acid and base reagent to initiate
chemiluminescent reaction.

7) A direct relationship exists between the amount of human TSH present
in the sample and the amount of Relative Light Units (RLUs) detected

by the system.
REAGENTS :
TSH Ready packs Primary reagent pack:
LITE REAGENT:

SmL /Reagent pack has monoclonal mouse anti TSH antibody (~333 ng/mL) labeled
with acridinium ester in phosphate buffered saline with sodium azide (<0.1%) and

preservatives stored at 2-8°C
SOLID PHASE:

22.5mL/ Reagent pack has polyclonal sheep anti TSH antibody (~43pg/mL)
covalently coupled with paramagnetis particles in phosphate buffered saline with

protein stablizers, sodium Azide (<0.11%) and preservatives stored at 2-8°C.
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Ready pack ancillary reagent pack:

MULTI-DILUENT 1:

25 mL / reagent pack has equine serum with sodium azide (0.1%), and preservatives

stored at 2-8C. Dilution factor 2, 5. Dilution point : < 150uIU/mL.

CALIBRATION: Two point calibration was done using a CALIBRATOR

ASSIGNED VALUE CARD.
QUALITY CONTROL.:
Bayer Health care two level quality control samples were run.

Each control was diluted with 5.0mL of CLRW (Clinical Laboratory Reagent

Water)
Reference Interval: 3.5-5.5uU/mL

Interferences: Hemolysis, Lipemia, Jaundice shows <6% changes in results.
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STATISTICAL ANALYSIS

Statistical analysis is done by SPSS software version 17.

1. Student t- test & Chi-square test were applied for comparing Age, BMI, WHR,
FBS, PPBS, Ovarian volume, Testosterone, HOMA-IR between the two
groups of PCOS patients (with Euthyroid and Hypothyroidism).

2. Pearson co-efficient correlation was applied for TSH & Testosterone, Total

Testosterone & WHR.
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Data of BMI W/H Ratio FBS, PPBS, TSH, Insulin, Testosterone for study Population

S.NO | AGE|C.CENTHMAIN C/O ASSO C/O MEN. I[MARIFAM. [WAISTHIP _ [W/H [HT(CM|WT(Kg|BMI NECHUGS OV.V|OV.\[FBS m|PPBS [F.IN(MIYTSH(UIU[TESTO(FBS(mnMHOMA-IF
1 25 |EGM OLIGO,INFER __|acne, hirs, 13 1|NO/0 86 107| 0.80 140 62| 31.63|N/0 [B/LPCO|[ 10 6 87| 121 13.6 1.97 91.6 4.83 2.92
2 20 |[EGM OLIGO,INFER 14 1 0 73 90| 0.81 150 55 24.44 0|B/LPCO| 11| 11 86| 104 12.6 4.33 26.2 4.78 2.68
3 21 |[EGM OLIGO,INFER,WACne, 18 1 0 72 92| 0.78 156 55[ 22.60[Goitl|B/LPCO | 11| 12| 105| 105 6.69 13 33 5.83 1.73
4 21 |[EGM OLIGO,WT HIRSUITISM 12 0| YES/] 95 117| 0.81 155 63| 26.22 1|B/LPCO | 11 9 82| 108 16 3.1 40 4.56 3.24
5 28 |[EGM OLIGO, WT ACNE,HIRSUITI 14 1 0 86 115| 0.75 162 76 28.96 1|B/LPCO | 10[ 10 96 126 16.6 2.49| 43.03 5.33 3.93
6 23 |EGM OLIGO, WT ACNE 14 0 1 82 98| 0.84 154 50 21.08 0|B/L PCO 9] 10 80| 114 4.5 1.23 96.5 4.44 0.89
7 34 |EGM INFERTILITY HIRSUITISM 14 1 0 85[ 103| 0.83 170 75 25.95 O|B/LPCO | 15| 11| 146 254 114 2.45 30 8.11 4.11
8 27 |ENDO |OLIGO,INFER,WACNE HIRSUW 15 1 1| 108] 116] 0.93 164 81| 30.12 0|B/L PCO 9| 12| 115 123 29.73 2.03 141.7 6.39 8.44
9 28 |EGM OLIGO,INFER,WACNE 14 1 0 95 117| 0.81 155 83| 34.55 1|B/LPCO | 10 9 89| 126| 23.68 11.2 89 4.94 5.20
10 23 |ENDO |OLIGO,INFER,WACNE 12 1 0 92 107| 0.86 155 100 41.62 1|B/LPCO| 10[ 11| 100| 115 6.01 4.1 104 5.56 148
11 30 |[EGM OLIGO,INFER,WHIRSUITISM 13 1 0 84 92| 0.91 149 59| 26.58 0|B/LPCO| 11| 13 84| 138 16 1 84.8 4.67 3.32
12 20 |[EGM INFERTILITY  |ACNE 13 0 0 70 84| 0.83 162 48| 18.29 0|B/LPCO| 14| 14 76| 104 10 3 42 4.22 1.88
13 31 |EGM INFERTILITY  |ACNE 16 1 1 75 83| 0.90 156 39 16.03 0|B/LPCO| 13| 10 86| 152 7.4 1 22.8 4.78 157
14 [ 22 [ENDO |OLIGOINFER,W]ACNE 13 1 0 96 112| 0.86 155 76[ 31.63 1|B/L PCO 9 9 80| 112 23.6 10.3 40.1 4.44 4.66
15 23 |EGM OLIGO ACNE 15 1 1 80 98| 0.82 159 55| 21.76 0|B/LPCO| 12| 13 96 115 14.9 4.8 44.5 5.33 3.53
16 33 |EGM OLIGO, INFER 15 1 0 92 114 0.81 160 76[ 29.69 0|B/LPCO| 13| 13 90| 178 247 1.13 49.5 5.00] 54.89
17 22 |ENDO |AMENO,WT,INFFHIRSUITISM 14 0 0 94 99| 0.95 170 73 25.26 0|B/L PCO 8 9| 100] 112 22 0.46 76.8 5.56 5.43
18 18 |[ENDO |AMENO,WT HIRSUITISM 14 0 1 85 91| 0.93 155 65 27.06 0|B/LPCO| 14 9 72 89 6.1 13 17 4.00 1.08
19 30 |[EGM AMENO 14 1 0 76 89| 0.85 148 53| 24.20 0|B/LPCO| 13| 19 97| 140 6.9 2.4 48.3 5.39 1.65
20 23 |ENDO |OLIGO,WT ACNE 13 0 1 72 100| 0.72 162 70[ 26.67 0|B/L PCO 8| 11 79| 115 105 0.46 93 4.39 2.05
21 28 |ENDO |AMENO,WT 13 0 0 77 98| 0.79 150 56| 24.89 OJU/ILPCO| 12 9 72| 126 9.26 4.2 56.3 4.00 1.65
22 32 |EGM OLIGO, 13 1 0 89 109| 0.82 162 64 24.39 0|B/LPCO| 10| 12 108 163 31.4 2.32 26 6.00 8.37
23 28 |EGM INFERTILITY, WIHIRSUITISM 14 0 0 82 109| 0.75 161 70[ 27.01 1|B/LPCO | 12 11| 107| 128 111 8.29 171 5.94 2.93
24 | 30 |[EGM OLIGO, 16 1 0 78 88| 0.89 150 50 22.22 0|B/LPCO| 11| 13 68| 143 18.7 1.34 67.7 3.78 3.14
25 28 |[EGM OLIGO,WT 14 1 0] 101) 116/ 0.87 156 78 32.05 0|B/LPCO| 12| 14 79| 129 105 1.95 43.1 4.39 2.05
26 23 |EGM INFERT, WT ACNE 16 1 0 80[ 102| 0.78 148 62 28.31 0|B/LPCO| 10[ 11 53| 116 10 1.27 38.9 2.94 131
27 24 |[ENDO |OLIGO,AMENO YHIRSUITISM 12 1 0] 110] 122 0.90 155 85| 35.38 OJU/ILPCO| 30 16 74 119 7.6 2.12 67.9 4.11 1.39
28 30 |ENDO |OLIGO,AMENOYACNEHIRSUITI[ 14 1 0] 111] 129 0.86 153 96 41.01 0|B/LPCO| 10 8 78] 144 13 3.5 41 4.33 2.50
29 30 |EGM OLIGO,INFER,WT 14 1 0 94 105| 0.90 150 64 28.44 0|U/L PCO 9] 14 66 155 28 3.5 10.9 3.67 4.56
30 33 |ENDO |, AMENO,INFER,|HIRSUITISM 14 1 0 85 101| 0.84 160 65 25.39 1|B/LPCO | 13| 13 72| 318 30 8.6 11 4.00 5.33
31 17 [EGM OLIGO,WT HIRSUITISM 12 0 0 84 91| 0.92 156 55[ 22.60 OJU/ILPCO| 13| 14 86 74 11.8 1.7 51.7 4.78 251
32 24 |[EGM OLIGO,INFER,WHIRSUITISM 15 1 0] 115] 125/ 0.92 150 90[ 40.00 1|B/LPCO | 11| 11 69 120 16.8 4.88 59.9 3.83 2.86
33 29 |[EGM OLIGO,INFER _|ACNE 12 1 0 97 113| 0.86 150 65[ 28.89 0|B/LPCO| 10[ 10 92| 133 24 1.9 90 511 5.45
34 | 24 |[EGM OLIGO,AMENO,\RECUR-PREG ] 12 1 0] 100] 103 0.97 161 75 28.93 0|B/LPCO| 11| 17 92| 120 36 3.4 98.8 511 8.18
35 17 |[ENDO |OLIGO,WT ACNE HIRUITIS| 11 0 0 71 90| 0.79 161 57| 21.99 0|B/LPCO| 11| 12 70 88 28 2.72 84.1 3.89 4.84
36 23 |EGM OLIGO,AMENO,\ACNE 13 1 0 86 106| 0.81 148 70[ 31.96 0|B/LPCO| 10[ 11 96| 116 52 25.4 69.4 5.33] 12.33
37 20 |[EGM OLIGO,AMENO,|ACNE 12 1 0 81 94| 0.86 140 57 29.08 1|B/LPCO | 16[ 15 72| 104 30.4 5.5 77.5 4.00 5.40
38 30 |EGM OLIGO,INFER _|ACNE 11 1 0 78 93| 0.84 150 54| 24.00 0|B/LPCO | 12 9 80| 146 26.8 7.8 65.9 4.44 5.29
39 30 |[EGM OLIGO,INFER,WT 18 1 0 88 95| 0.93 150 50 22.22 0|B/LPCO| 12| 10f 132| 176 30 2.36 88.1 7.33 9.78
40 22 |[EGM OLIGO,WT HIRSUITISM 13 1 1 79[ 101| 0.78 152 64 27.70 0|B/L PCO 9] 10 84| 112 20 6.6 22 4.67 4.15
41 27 |EGM OLIGO,WT ACNE,GALAC 13 1 0 88 98| 0.90 140 56| 28.57 1lULPCO| 11| 11 88| 124 22 2.55 96 4.89 4.78
42 32 |EGM WT HIRSUITISM 12 1 0] 105] 123| 0.85 159 95 37.58 0|B/LPCO| 15[ 10 81| 172 35 6.9 12.7 4.50 7.00
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43 26 |ENDO |OLIGO,AMENO,INFER 12 1 1 82 96| 0.85 148 57| 26.02 0|B/LPCO| 10 9 72| 122 24 28.5 90 4.00 4.27
44 19 [EGM AMENO,WT ACNE,HIRSUITI 14 0 1 91 113| 0.81 160 80| 31.25 1|B/LPCO | 15[ 16/ 129| 140 11.34 131 60 7.17 3.61
45 27 |ENDO |AMENO,INFER,WT 15 1 0] 100] 118 0.85 142 75 37.20 0|B/LPCO| 12| 13 91| 124 18.9 3.17 56 5.06 4.25
46 21 |[EGM OLIGO,WT HIRSUITISM 13 0 0] 104] 117 0.89 163 85| 31.99 OJU/LPCO| 11| 10 82| 111 26.8 1.85 80.6 4.56 5.43
47 23 |[EGM OLIGO,WT ACNE 13 0 0] 100] 116/ 0.86 166 100 36.29 0|B/LPCO| 12| 14 72| 117 12 5.11 88 4.00 2.13
48 22 |[EGM OLIGO,INFER _|ACNE 14 1 1 94 108| 0.87 148 58| 26.48 0|B/LPCO| 10{ 12 105/ 114 24 4.46 98 5.83 6.22
49 21 |ENDO |OLIGO ACNE 16 1 0 90[ 112| 0.80 153 58| 24.78 0|B/LPCO| 12| 10 80| 112 16 100 83 4.44 3.16
50 19 [EGM OLIGO,WT 14 0 1 70 91| 0.77 145 51| 24.26 1|U/LPCO| 13 9| 126| 134 21 3.49 51.4 7.00 6.53
51 28 |[EGM OLIGO,WT ACNE 15 0 0] 102] 146/ 0.70 148 85| 38.81 0|B/L PCO | 12[notyv| 70[ 129 18 2.2 21 3.89 3.11
52 26 |EGM OLIGO,INFER,WT 13 1 0 99 135| 0.73 161 70[ 27.01 0|B/LPCO | 11|cyst 91| 122 25 3.73 41.8 5.06 5.62
53 23 |EGM INFER HIRSUITISM 14 1 0 94 132| 0.71 152 76 32.89 0|B/LPCO| 11| 10 96| 117 20 6.2 61 5.33 4.74
54 | 27 |[EGM OLIGO,INFER _|ACNE 13 1 0 90[ 130| 0.69 155 59| 24.56 O|B/LPCO | 10| 11| 146 124 20 1 62.5 8.11 7.21
55 25 |[EGM OLIGO,INFER,WRECUR-PREG I| 14 1 1 76 90| 0.84 144 60[ 28.94 0|B/LPCO| 11 9 83| 122 13 6.9 71 4.61 2.66
56 22 |[EGM OLIGO,INFER,WACNE 14 1 0 97( 120| 0.81 164 52| 19.33 0|B/L PCO 9] 11 78] 114 34 11 22 4.33 6.55
57 28 |[EGM OLIGO,WT 16 1 0 85[ 100| 0.85 168 68| 24.09 0|B/LPCO | 10 8 96 130 10.9 4 98.1 5.33 2.58
58 32 |EGM OLIGO,INFER,WHIRSUITISM 15 1 0] 108] 145 0.74 140 69 35.20 OJU/ILPCO| 12| 13 91| 175| 13.24 1.2 29 5.06 2.97
59 20 |[EGM OLIGO,AMENO,INFER 13 1 0 66 88| 0.75 143 47| 22.98 0|B/LPCO| 15[ 13 74| 104 7.7 2.7 36.3 4.11 141
60 28 |[EGM OLIGO,INFER,WACNE 28 1 1| 107| 147] 0.73 162 79 30.10 0|B/LPCO| 11| 12 87| 133 31.6 4 31.9 4.83 6.79
61 17 |[ENDO |OLIGO,WT ACNE,HIR 13 0 0 98 139| 0.71 153 98| 41.86 OJU/LPCO| 10[ 13 97 89 74.7 5.5 94.3 5.39] 17.89
62 18 |[ENDO |AMEN,WT ACNE 13 0 0 93[ 123| 0.76 154 76 32.05 1|B/LPCO | 11| 13 96 90 8.01 117 29 5.33 1.90
63 20 |[EGM OLIGO,INFER _|HIRSUITISM 24 1 0 88 121| 0.73 162 67 25.53 0|B/LPCO| 22| 19 86| 104 33.8 4 55.7 4.78 7.18
64 | 30 |[EGM OLIGO,INFER,WHIRSUITISM 13 1 0 84 92| 0.91 149 59| 26.58 0|B/LPCO| 12 11 84| 147 16 1 84.8 4.67 3.32
65 19 [EGM INFERTILITY  |ACNE 13 0 0 70 84| 0.83 162 48| 18.29 0|B/LPCO| 13| 10 76| 104 10 3 42 4.22 1.88
66 33 |EGM INFERTILITY  |ACNE 16 1 1 75 83| 0.90 156 39 16.03 0|B/LPCO| 12| 14 86 160 7.4 1 22.8 4.78 157
67 22 |ENDO |OLIGOINFER,W]ACNE 13 1 0 96 112| 0.86 155 76[ 31.63 1|B/LPCO| 10| 11 80| 114 23.6 10.3 40.1 4.44 4.66
68 23 |EGM OLIGO ACNE 15 1 1 80 98| 0.82 159 55| 21.76 0|B/LPCO| 12| 15 96| 118 14.9 4.8 44.5 5.33 3.53
69 33 |EGM OLIGO, INFER 15 1 0 92 114 0.81 160 76[ 29.69 0|B/LPCO | 16] 11 90| 178 247 1.13 49.5 5.00] 54.89
70 21 |[EGM OLIGO, INFER 15 1 0 78 98| 0.80 154 61 25.72 1|B/LPCO | 10 8 94| 112 17 4.8 38 5.22 3.95
71 22 |ENDO |AMENO,WT,INFFHIRSUITISM 14 0 0 94 99| 0.95 170 73 25.26 0|B/LPCO| 12| 14 100[ 114 22 0.46 76 5.56 5.43
72 18 |[ENDO |AMENO,WT HIRSUITISM 14 0 1 85 91| 0.93 155 65 27.06 0|B/LPCO| 15[ 10 72 98 6.1 13 71 4.00 1.08
73 21 |[EGM OLIGO, INFER 15 1 0 78 98| 0.80 154 61 25.72 1|B/LPCO | 12| 14 94 112 17 4.8 38.9 5.22 3.95
MEAN| 24.8 88.88| 107.8| 0.83] 154.6 67 28.08 12,1 12] 87.68] 128.1| 28.047| 5.8225| 55.8186 4.87 6.18
TD DE| 4.7 11.28| 15.7 0.07] 7.185| 14.09] 5.78 3.08] 2.5] 17.39| 34.93| 39.346] 12.204| 27.837 0.97 8.82




Data of BMI W/H Ratio FBS, PPBS, TSH, Insulin, Testosterone for Hypothyroid PCOS Women

SI.No Waist |Hip W/H rat Ht Wt BMI GOITRE|USG LO RO [FBS |PPBS |F.Ins |TSH |TESTO FBS mmol [HOMA-IR |BIO-TEST
95 117 0.81] 155 83| 34.55 1 |B/LPCO 13| 14| 89 114| 23.68| 11.2 89.8 4.94 5.20 31.43
2 96 112 0.86[ 155 76| 31.63 B/L PCO 11| 12| 80 89| 23.6 103 40.1 4.44 4.66 14.035
3 82 109 0.75 161 70| 27.01 1 |B/LPCO 14 9| 107 1291 11.1] 8.29 71.9 5.94 2.93 25.165
4 85 101 0.84] 160 65| 25.39 1 |B/LPCO 10f 13| 72 147 30 8.6 72 4.00 5.33 25.2
5 86 106 0.81] 148 70| 3196/ 0 [B/LPCO 11 13| 96| 172 52| 254 69.4 5.33 12.33 24.29
6 81 94 0.86( 140 57| 29.08 1 |B/LPCO 15 10| 72 138] 30.4 5.5 77.5 4.00 5.40 27.125
7 78 93 0.84] 150 54| 24.00] 0 |B/LPCO 15| 16| 80| 118 26.8 7.8 65.9 4.44 5.29 23.065
8 79 101 0.78] 152 64| 27.700 0 [B/LPCO 11 11| 84| 145 20 6.6 45.6 4.67 4.15 7.7
9 105 123 0.85| 159 95| 37.58] 0 [B/LPCO 16( 15| 81 126 35 6.9 67.9 4.50 7.00 23.765
10 82 96 0.85 148 57| 26.02] 0 |B/LPCO 15| 13| 72 90 24| 28.5 90 4.00 4.27 31.5
11 90 112 0.80] 153 58| 24.78)] 0 |B/LPCO 14| 14| 80 88 16| 100 76.8 4.44 3.16 26.88
12 94 132 0.71] 152 76/ 32.89] 0 ([B/LPCO 13| 10| 96| 124 20 6.2 61 5.33 4.74 21.35
13 76 90 0.84] 144 60| 2894 0 [B/LPCO 22| 19| 83 105 13 6.9 71 4.61 2.66 24.85
14 98 139 0.71f 153 98| 41.86] 0 |U/LPCO 13| 9| 97 130 74.7 5.5 94.3 5.39 17.89 33.005
15 96 112 0.86] 155 76| 31.63 1 |B/LPCO 11 12| 80 89| 23.6] 10.3 40.1 4.44 4.66 14.035
16 100 116 0.86] 166| 100( 36.29| 0 [B/LPCO 11f 9| 72 112 12| 5.11 88 4.00 2.13 30.8
MEAN 88.938| 109.6 0.82| 153.2] 72.44| 30.71 13.4] 12| 84| 119.8| 27.24| 15.82| 70.08125 4.66 5.74| 24.01219
STD DEV| 8.642| 13.48 0.05( 6.327| 14.56 4.90 2.85| 2.7| 10| 23.44| 15.65| 22.72| 16.40024 0.57 3.86| 6.767065
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Data of BMI W/H Ratio FBS, PPBS, TSH, Insulin, Testosterone for Euthyroid PCOS Women

SI.No WAIST |HIP W/H [HT(CM]WT(Kg|BMI |GOITRUGS OV.VOL (LOV.VOL.(R|FBS mg% |PPBS mg%|F.IN(mIU/TSH(pIU/L] TESTO(ng)|FBS(mmol{HOMA-IR
1 86 107| 0.80 140 62| 31.63 0|B/L PCO 11 10 87 129 13.6 1.97 91.6 4.83 2.92
2 73 90| 0.81 150 55| 24.44 0|B/LPCO 12 10 56 128 12.6 4.33 26.2 3.11 1.74
3 72 92| 0.78 156 55| 22.60 1(B/L PCO 9 9 105 126 6.69 1.3 33 5.83 1.73

95 117] 0.81 155 63| 26.22 1(B/L PCO 9 10 62 74 16 3.1 40 3.44 2.45
5 86 115| 0.75 162 76| 28.96 1{B/LPCO 10 8 96 111 16.6 2.49 43.03 5.33 3.93
6 82 98| 0.84 154 50| 21.08 0|B/L PCO 12 14 80 115 4.5 1.23 96.5 4.44 0.89
7 85 103| 0.83 170 75| 25.95 0|B/L PCO 8 9 96 112 11.4 2.45 30 5.33 2.70
8 108 116| 0.93 164 81| 30.12 0|B/L PCO 9 11 115 175 29.73 2.03 141.7 6.39 8.44
9 92 107| 0.86 155| 100| 41.62 1(B/LPCO 10 11 100 112 6.01 4.1 10.4 5.56 1.48
10 84 92| 0.91 149 59| 26.58 0|B/L PCO 9 10 84 124 16 1 84.8 4.67 3.32
11 70 84| 0.83 162 48| 18.29 0|B/L PCO 12 14 76 104 10 3 42 4.22 1.88
12 75 83| 0.90 156 39| 16.03 0|B/L PCO 10 12 86 104 7.4 1 22.8 4.78 1.57
13 80 98| 0.82 159 55| 21.76 0|B/L PCO 8 11 96 117 14.9 4.8 44.5 5.33 3.53
14 92 114] 0.81 160 76| 29.69 0|B/L PCO 12 13 90 114 247 1.13 49.5 5.00 54.89
15 94 99| 0.95 170 73] 25.26 0|B/L PCO 10 11 100 116 22 0.46 76.8 5.56 5.43
16 85 91| 0.93 155 65| 27.06 0|B/L PCO 10 11 72 104 6.1 1.3 17 4.00 1.08
17 76 89| 0.85 148 53| 24.20 0|B/L PCO 10 11 97 119 6.9 2.4 48.3 5.39 1.65
18 72 100| 0.72 162 70| 26.67 0|B/L PCO 12 14 79 108 10.5 0.46 13 4.39 2.05
19 77 98| 0.79 150 56| 24.89 0|U/L PCO 11 10 72 104 9.26 4.2 56.3 4.00 1.65
20 89 109| 0.82 162 64| 24.39 0|B/L PCO 12 15 168 318 314 2.32 26 9.33 13.03
21 78 88| 0.89 150 50| 22.22 0|B/L PCO 30 16 68 112 18.7 1.34 67.7 3.78 3.14
22 101 116] 0.87 156 78] 32.05 0|B/L PCO 11 11 79 114 10.5 1.95 43.1 4.39 2.05



GENIUS-W7
Text Box
Data of BMI W/H Ratio FBS,  PPBS, TSH, Insulin, Testosterone for Euthyroid PCOS Women


23 80 102| 0.78 148 62| 28.31 0|B/L PCO 11 17 53 98 10 1.27 38.9 2.94 1.31
24 110 122| 0.90 155 85| 35.38 0|U/LPCO 10 6 74 152 7.6 2.12 67.9 4.11 1.39
25 111 129] 0.86 153 96| 41.01 0|B/LPCO 10 9 78 133 13 3.5 41 4.33 2.50
26 94 105| 0.90 150 64| 28.44 0|U/L PCO 11 9 66 144 28 3.5 10.9 3.67 4.56
27 84 91| 0.92 156 55| 22.60 0|U/L PCO 11|cyst 86 115 11.8 1.7 51.7 4.78 2.51
28 115 125| 0.92 150 90| 40.00 1(B/LPCO 9 12 69 112 16.8 4.88 59.9 3.83 2.86
29 97 113] 0.86 150 65| 28.89 0|B/L PCO 11 11 92 163 24 1.9 90 5.11 5.45
30 100 103| 0.97 161 75| 28.93 0|B/L PCO 12 13 92 133 36 3.4 98.8 5.11 8.18
31 71 90| 0.79 161 57| 21.99 0|B/L PCO 10 11 70 146 28 2.72 84.1 3.89 4.84
32 88 95| 0.93 150 50| 22.22 0|B/L PCO 12 9 132 178 30 2.36 88.1 7.33 9.78
33 88 98| 0.90 140 56| 28.57 1{u/LPCO 10 9 88 120 22 2.55 96 4.89 4.78
34 91 113] 0.81 160 80| 31.25 1(B/L PCO 10 10 156 178 11.34 1.31 60 8.67 4.37
35 100 118| 0.85 142 75| 37.20 0|B/L PCO 12 11 91 120 18.9 3.17 56 5.06 4.25
36 104 117| 0.89 163 85| 31.99 0|U/LPCO 12|not visible 82 122 26.8 1.85 80.6 4.56 5.43
37 94 108| 0.87 148 58| 26.48 0|B/L PCO 12 14 105 160 24 4.46 98 5.83 6.22
38 70 91| 0.77 145 51| 24.26 1{u/LPCO 10 8 126 140 21 3.49 514 7.00 6.53
39 102 146| 0.70 148 85| 38.81 0|B/L PCO 11 12 70 114 18 2.2 21 3.89 3.11
40 99 135| 0.73 161 70| 27.01 0|B/L PCO 10 10 91 143 25 3.73 41.8 5.06 5.62
41 90 130] 0.69 155 59| 24.56 0|B/L PCO 11 13 146 254 20 1 62.5 8.11 7.21
42 97 120| 0.81 164 52] 19.33 0|B/L PCO 13 19 78 102 34 1.1 22 4.33 6.55
43 85 100| 0.85 168 68| 24.09 0|B/L PCO 11 13 96 126 10.9 4 98.1 5.33 2.58
44 108 145| 0.74 140 69| 35.20 0|U/LPCO 10 8 91 121 13.24 1.2 29 5.06 2.97
45 66 88| 0.75 143 471 22.98 0|B/L PCO 9 14 74 146 7.7 2.7 36.3 4.11 1.41




46 107 147] 0.73 162 79| 30.10 0|B/L PCO 12 9 87 123 31.6 4 31.9 4.83 6.79
47 93 123] 0.76 154 76| 32.05 1{B/LPCO 12 10 96 112 8.01 1.17 29 5.33 1.90
48 88 121] 0.73 162 67| 25.53 0|B/LPCO 12 11 86 115 33.8 4 55.7 4.78 7.18
49 84 92| 0.91 149 59| 26.58 0|B/L PCO 13 10 84 124 16 1 84.8 4.67 3.32
50 70 84| 0.83 162 48| 18.29 0|B/L PCO 12 14 76 104 10 3 42 4.22 1.88
51 75 83| 0.90 156 39| 16.03 0|B/L PCO 10 12 86 104 7.4 1 22.8 4.78 1.57
52 80 98| 0.82 159 55| 21.76 0|B/LPCO 15 10 96 117 14.9 4.8 44.5 5.33 3.53
53 92 114] 0.81 160 76| 29.69 0|B/L PCO 12 13 90 114 247 1.13 49.5 5.00 54.89
54 78 98| 0.80 154 61| 25.72 1(B/L PCO 13 13 94 122 17 4.8 38 5.22 3.95
55 94 99| 0.95 170 73| 25.26 0|B/L PCO 16 11 100 116 22 0.46 76 5.56 5.43
56 85 91| 0.93 155 65| 27.06 0|B/L PCO 15 11 72 104 6.1 1.3 17 4.00 1.08
57 78 98| 0.80 154 61| 25.72 1(B/L PCO 13 13 94 122 17 4.8 38.9 5.22 3.95
Mean 88.07| 105.9| 0.84| 155.3] 65.19| 27.10 11.4035| 11.80952| 90.01754| 128.7193| 24.85404| 2.454912| 52.95316 5.00 5.64
Std Dev | 11.91| 16.07( 0.07| 7.453| 13.39| 5.70 2.95498| 2.442073| 21.62559| 36.52673| 43.17048| 1.314178| 28.0638 1.20 9.70




TABLE: 1
Shows the mean of all Physical & Biochemical parameters obtained for all
participants.

TOTAL PARTICIPANTS IN THE STUDY= 73

PARAMETERS MEAN & STD- Reference interval
DEV FOR ALL
PARTICIPANTS
AGE 24.79(+4.64)
BMI 28.08(+5.78) 18.5-24.9
WAIST/HIP RATIO 0.83(0.07) <0.85
FBS(mg/dL) 89.15(x19.75) 70-110 mg/dL
2 HRS POST GLUCOSE | 126.28(£34.65) <140 mg/dL
(mg/dL)
FASTING 28.04(+39.34) 2.6-37.6 mU/L
INSULIN(mU/L)
HOMA-IR 6.28(+8.8) <25
TSH(mU/L) 5.82(+12.2) 0.3-5.0 mU/L
TOTAL 55.8(+27.8) 14-76 ng/dL
TESTOSTERONE(ng/dL)

Table 1 shows the comparison of mean of age, BMI, W/H ratio, FBS, 2 hrs post
glucose, Fasting Insulin, HOMA IR, TSH, Total Testosterone between the study

population and the expected reference interval.
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TABLE: 2

Shows % presentation of criteria (ROTTERDAM CRITERIA)

Total subjects: 73

PCOS PATIENTS AS PER ROTTERDAM | PERCENTAGE | NUMBER OF
CRITERIA (NO. OF. CRITERIA (%) PATIENTS
SATISFIED)
Patients With Menstrual Irregularities & Usg- 88% 64
Pco (2/3)
Patients Having Clinical F/O 76.60% 53
Hyperandrogenism, Usg- Pco (2/3 Criteria)
Patients With Bio-Chemical Evidence Of 26.02% 19
Hyperandrogenism, Usg-Pco (2/3 Criteria)
Patients Having Menstrual Irregularities, 60% 44
Clinical & / Biochemical F/O
Hyperandrogenism, Usg- Pco (All 3 Criteria)

MENSES CLINICAL +USG
IRREGULAR+USG

BIOCHEMICAL  ALL 3 CRITERIA

+USG

Fig:1 - Shows the percentage of presentation (ROTTERDAM CRITERIA). In our

study, PCOS women with all three criteria were 60% (44), those with clinical F/O

hyperandrogenism and Ultrasound finding of Polycystic ovaries were 76.6% (53),

those with Biochemically hyperandrogenic and Ultra sound with polycystic ovaries

were 26.02% (19), with menstrual irregularities and USG-PCO were 88%.
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TABLE: 3

PERCENTAGE DISTRIBUTION OF PRESENTING COMPLAINTS FOR
ALL PARTICIPANTS.

TOTAL PARTICIPANTS: 73

PRESENTING COMPLAINTS NO.OF PERCENTAGE
INDIVIDUALS

OLIGOMENORRHOEA / 64 88%

AMENORRHOEA

ACNE / HIRSUTISM 54 74%

WEIGHT GAIN 47 56%

INFERTILITY 41 64%

PERCENTAGE DISTRIBUTION OF PRESENTATION

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

OLIGO/AMENO  ACNE/HRSUTISM INFERTILITY WT GAIN

Fig : 2 - Shows the percentage distribution of different major & minor complaints.
88% of women had oligo/amenorrhoea. 74% of them had infertility, 56% had acne/
hirsutism (features of hyperandrogenism), 64% women came with complaints of

weight gain.

76



TABLE: 4

AGE DISTRIBUTION IN PCOS (73 PARTICIPANTS)

AGE NO.OF. PERCENTAGE
INDIVIDUALS
<19 yrs(Adolescence) | 8 10.9%
>20 65 89.04%

AGE DISTRIBUTION

Fig:3 - Shows the distribution of age in 73 PCOS women. There were 8 girls in

adolescent age (<19), and 65 women belonging to age >20 yrs.
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TABLE: 5

BODY MASS INDEX (BMI) FOR 73 PARTICIPANTS

BODY MASS INDEX NO. OF.
(BMI) INDIVIDUALS | PERCENTAGE

UNDER WEIGHT 4 5%

<18.4

NORMAL 19 26%

18.5-24.9

OVERWEIGHT 27 37%

25-29.9

OBESE 23 32%

>3()

BMI CHART 73 PCOS PATIENTS

Under wt
5%

Fig:4 - Shows the BMI distribution among the study population. 5% of women (4)
were under weight, 26% (19) were normal, 37% (21) were overweight, 32%(23) were

obese.
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TABLE: 6

DISTRIBUTION OF WAIST HIP RATIO FOR ALL PARTICIPANTS (73)

W/H RATIO NO.OF PERCENTAGE
INDIVIDUAL
<0.8 23 32%
50 68%
>0.8

WAIST/HIP RATIO FOR 73
PCOS PATIENTS

Fig:5 - Shows the distribution of Waist / Hip ratio for all participants. 32% of them

were having W/H ratio less than 0.8 and 68% of them had W/H ratio more than 0.8.
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TABLE : 7

THYROID FUNCTION STATUS IN ALL 73 PARTICIPANTS

ASSOCIATION OF NO.OF. PERCENTAGE
HYPOTYROIDISM INDIVIDUALS

HYPOTHYROID PCOS 16 21.91%
(>5pU/mL)
EUTHYROID PCOS 57 78.08%
(<5pU/mL)

PREVALENCE OF

HYPOTHYROIDISM IN
PCOS PATIENTS

PCOS +
HypoT

22%

Fig:6 - Shows the prevalence of Hypothyroidism in the study population. ~22%
(21.9%) of PCOS women (16) were found to have Hypothyroidism.

80



TABLE: 8

DISTRIBUTION OF SERUM TSH IN DIFFERENT AGE GROUP

TSH<5mU/L TSH>5mU/L MEAN
AGE IN YRS e L
(No. of. individuals) | (No. of. individuals) TSH
15-20 13 2 2.93
21-25 26 8 8.22
26-30 22 4 4.52
31-35 6 2 2.85
AGE DISTRIBUTION OF TSH
30
25
20
L5 W MEAN TSH
B TSH < 5mU/L

10

15-20

B TSH>5muU/L

21-25

26-30

31-35

Fig:7 — Shows the Distribution of TSH in different age group.

TSH TREND IN PCOS

AN TSH

10 WOMEN
8 I\\
6 \\
4 SN
/ ~——ME/
2
0
1520 2125  26-30  31-35

Fig:8 — Shows the Trent of TSH in PCOS Women




TABLE: 9

DISTRIBUTION OF FASTING GLUCOSE VALUES (mg/dL) IN ALL
PARTICIPANTS

GLUCOSE LEVEL NO.OF PERCENTAGE
INDIVIDUALS
70-110mg/dL 67 91%
110-126mg/dL 2 2%
>126mg/dL 4 5%
FASTING GLUCOSE

B Normal m110-126 m>126

2% 5%

Fig:9 - Show the distribution of FBS among 73 participants. 93% of them were within
normal limit (<110 mg/dL), 2% were in Impaired Fasting Glucose (110-126 mg/dL),

& 5% of them had Diabetes mellitus (.126 mg/dL).

82



TABLE: 10

PERCENTAGE DISTRIBUTION OF 2 HRS POST GLUCOSE (mg/dL) FOR
ALL 73 PARTICIPANTS.

GLUCOSE LEVEL NO.OF. PERCENTAGE
INDIVIDUALS

<140 58 79%

141-200 13 17%

>200 2 2%
2 HRS POST GLUCOSE

ENORMAL m140-200 m=>200

2%

Fig:10 - Shows the percentage distribution of 2hrs post glucose for all the 73
participants. 79.4% of them (58) were within the reference limit (<140 mg/dL). 17.8%
of them were in Impaired Glucose Tolerance state (13) and 2.7% of them(2) were

diabetic(>200 mg/dL).
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TABLE: 11

FASTING
GLUCOSE STATUS OF GLUCOSE(mg/dL)

73 PCOS WOMEN o
(no. of individuals)

2 HRS POST
GLUCOSE(mg/dL)

(no. of individuals)

Normoglycemic 67 (<110 mg/dL) 58
Impaired Fasting Glucose 2 -
(110-126 mg/dL)
Impaired Glucose Tolerence - 13
(140-200 mg/dL)
Diabetes Mellitus 4 (>126 mg/dL) 2 (>200 mg/dL)
TABLE: 12
TOTAL PARTICIPANTS 73
EUGLYCEMIA (no) 59
IMPAIRED (no) 13
DIABETES MELLITUS (no) 1
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TABLE: 13

DISTRIBUTION OF TESTOSTERONE LEVELS IN ALL 73 PARTICIPANTS

SERUM TESTOSTERONE NO.OF. PERCENTAGE
INDIVIDUALS
(ng/dL)
<76ng/dL 54 74%
>T76ng/DI 19 26%

PERCENTAGE DISTRIBUTION OF
TOTAL TESTOSTERONE

B TESTOSTERONE <76ng/dL
B TESTOSTERONE>76ng/dL

Fig:12 - Shows the percentage of patients within the reference range of testosterone
(<76 ng/dL). 26%had hyperandrogenism, 74% of them had normal level of

testosterone.
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TABLE: 14

Groupl: Euthyroid PCOS.
Group2: Hypothyroid PCOS

Fig:13
COMPARISON OF BMI BETWEEN
TWO GROUPS OF PCOS WOMEN

COMPARISON OF MEAN BMI

EUTHYROID HYPOTHYROID

This table shows the mean BMI between the two groups of PCOS women.

Mean BMI 27.10
PCOS With Normal TSH

Mean BMI 30.71
PCOS With Elevated TSH

(Hypothyroidism)

P Value 0.026**

STATISTICALLY SIGNIFICANT**
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TABLE : 15

COMPARISON OF WAIST HIP RATIO BETWEEN THE TWO GROUPS

Mean W/H Ratio For Euthyroid 0.84

PCOS

Mean W/H Ratio For Hypothyroid 0.82 Statistically Not
PCOS Significant

P Value 0.28

This Table shows the comparison of mean Waist/Hip ratio between the two groups of

PCOS women.

87



TABLE: 16

Groupl: PCOS women in Euthyroid state.

Group2: PCOS women with Hypothyroidism.

MEAN 2 HRS
MEAN FBS POST
GLUCOSE
EUTHYROID -PCOS 90.01 128
HYPOTHYROID - PCOS 83.81 119.7
P VALUE 0.27 0.36

Not Statistically
Significant

STATISTICALLY SIGNIFICANT P VALUE <0.05

This Table shows the comparison of mean FBS & 2hrs POST GLUCOSE between the

two groups of PCOS patients and were not statistically significant.

Fig:14

140
120
100
80
60 90.01
40
20

FBS

83.81

COMPARISON OF FBS & 2HRS PGBS

128

2hrs POST GLUCOSE

M Euthyroid
E Hypo T
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TABLE: 17

This Table shows the comparison of mean Fasting Insulin between the two groups of

PCOS women.

FASTING
INSULIN
EUTHYROID- PCOS 24.85 Not Statistically
Significant
HYPOTHYROID- PCOS 27.24
P-VALUE 0.83

STATISTICALLY SIGNIFICANT P VALUE <0.05

TABLE: 18

COMAPRISON OF MEAN HOMA -IR BETWEEN EUTHYROID &
HYPOTHYROID PCOS WOMEN

MEAN HOMA-IR

EUTHYROID-PCOS 5.64+9.79

Not Statistically
HYPOTHYROID- PCOS 5.74+3.99 Significant
P VALUE 0.96

STATISTICALLY SIGNIFICANT P VALUE= <0.05
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TABLE : 19

MEAN
TESTOSTERONE
EUTHYROID- PCOS 52.95
HYPOTHYROID-PCOS 70.08
P VALUE (<0.05) 0.023%*
Correlation of Total 0.14

Testosterone With
Hypothyroidism In
PCOS

Statistically Significant
And Weak Positive
Correlation

STATISTICALLY SIGNIFICANT P VALUE= <0.05**

This Table shows the comparison of mean Total Testosterone between the two

groups.
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Fig:15

COMPARISON OF MEAN TESTOSTERONE

80
70
60
50
40
30
20
10

EUTHYROID HYPOTHYROID ™ VIEAN OF TESTOSTERONE

CORRELATION OF TSH WITH TOTAL TESTOSTERONE in PCOS
WOMEN WITH HYPOTHYROIDISM

Y W alues

X Walues
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TABLE : 20

NUMBER OF 73
PARTICIPANTS
CORRELATION OF 0.38
TESTOSTERONE WITH

W/H RATIO IN PCOS+

HYPO T PATIENTS

POSITIVE AND WEAK
CORRELATION.

SHOWS CORRELATION BETWEEN TESTOSTERONE & WAIST HIP
RATIO IN PCOS PATIENTS WITH HYPOTHYROIDISM

Y Walues
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TABLE : 21

Pearson Coefficient

Euthyroid- Hypothyroid- Correlation
Parameters Pcos Pcos Significant P
Value(<0.05)
BMI 27.10+/-5.75 | 30.71 0.026**
WAIST / HIP 0.84+/-0.05 | 0.82+/-0.07 0.28
RATIO
OVARY 11.39+/- 2.6 12.98+/- 2.8 0.03**
VOLUME
FASTING 90.01+/-21.81 | 83.81+/-10.5 0.27
BLOOD SUGAR
2 HRS POST 128.7+/- 119.75+/-24.2 0.36
GLUCOSE 36.85
FASTING 24.85+/-43.45 | 27.24+/- 16.16 0.83
INSULIN
HOMA-IR 5.64+/-9.79 | 5.74+/-3.99 0.96
TESTOSTERONE | 52.95+/-28.06 | 70.08+/- 16.93 0.023**

** SIGNIFICANT P VALUE
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COMPARISON OF MEAN BETWEEN 2
GROUPS

140
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40 M EUTHYROID
EHYPOT
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Fig. 16 shows different variable mean comparison between Euthyroid & hypothyroid

PCOS women.

In our study population the mean age was 24.79 (£4.64), 88% of 73 PCOS patients
had 2/3 criteria (menstrual irregularity+ USG finding) while 76.6% had clinical
features of hyperandrogenism & USG —PCO finding, Biochemical features of
hyperandrogenism & USG-PCO were observed in 26% & 60% women presented with

all 3 criteria (Rotterdam), Table: 2.

Table:3 shows the percentage distribution of different presenting complaints 88%
women presented with menstrual disorders, 74% came for infertility, 56% came with
acne / hirsutism, 64% came with rapid weight gain. Table: 4 gives the prevalence of
PCOS among adolescence (teenage) and adults(> 20yrs). In our study we had 8 girls
aged <19yrs, 65 women > 20yrs. In our study, most of the participants were obese.

Table: 5 show the prevalence percentage of obesity based on BMI was 5% under
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weight, 26% were normal, 37% were in overweight category & 32% obese (clinical &
morbid). Table: 6 gives the Waist/Hip ratio distribution for the entire study group.
32% (23) had their W/H ratio < 0.8 & 68% (50) had >0.8. Table:7, Shows the thyroid
function status for all the participants based on TSH with cut-off level of about
S5uU/mL. Table:7 gives the serum TSH distribution in various age group. Age
between 15 to 20 showed the mean TSH of about 2.93, 20 to 25yrs age group showed
the mean of 8.22, 25-30 yrs groups showed 4.52 as their mean TSH, and 30-35 yrs
group women showed 2.85 as their mean. The trend of TSH shows that the peak is in
between 20s to 30s. Table:9 Gives the distribution of Fasting blood sugar in the study
population. 67 of the participants had normoglycemia (70-110 mg/dL), 4 of them had
FBS more than 126mg/dL, 2 of them had impaired fasting glucose. Table: 10, shows
the distribution of 2 hrs post glucose level in all the 73 participants. 59 people showed
normoglycemia, 13 were in impaired glucose Tolerance, and one of them was frank
diabetic. Table: 11, gives the overall distribution of FBS and 2hrs PP for all the
participants and the following table (12) gives the full statistics. Table: 13, shows the
serum testosterone level among the PCOS women. Table: 20, showed the difference
between the mean of BMI, Waist/Hip ratio, FBS, 2 hrs PP, Fasting Insulin,
Testosterone, Ovarian volume, HOMA-IR between the two groups. BMI,
Testosterone, Ovarian volume, showed statistical significance between them. There
was no statistical difference in Waist/Hip ratio, Fasting Insulin, HOMA-IR between

the two groups.
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DISCUSSION

As the incidence of infertility and its morbidity are increasing in the recent
days, the root cause should be identified and treated accordingly. The leading cause
for female infertility is menstrual irregularities apart from anatomical and genetic
defects. Major contributing factors for this irregular menstruation are from local
(ovarian) cause like Polycystic ovarian Syndrome and /or the systemic cause like
Hypothyroidism, Hyperprolactinemia, Hyperinsulinemia. All the above said factors
pose individual risk for anovulation. Often they present in combination. PCOS and
hypothyroidism are the most common endocrine disorders found in young
reproductive age group women. A common finding in gynaecology outpatient
department is that while treating individuals for PCOS for a period of few months, in
some patient menstruation and ovulation is restored while it remains uncorrected in
some individuals. On further evaluation of these non-responding patients for the other
causes of infertility / menstrual disorder they were found to have co-existing
Hypothyroidism which was mostly undiagnosed and /or untreated. These individuals
were found to be mostly in subclinical status and some in overt hypothyroid state.
Screening studies helps to assess the prevalence of hypothyroidism and gives an
insight about the epidemiology of this disorder in the population. However studies
comparing thyroid status in PCOS women is very minimal in all regions of India.
With this background we have undertaken this study with the aim to estimate the

thyroid function status in newly diagnosed PCOS patients

A cross sectional study was conducted among 73 newly diagnosed PCOS
women attending the Gynaecology & Endocrinology outpatient department for

menstrual irregularity and infertility. They were diagnosed based on revised
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Rotterdam criteria, 2003. With serum TSH level of 5pU/L as the cut-off point to
diagnose hypothyroidism we have identified the prevalence of hypothyroidism
among 73 newly diagnosed PCOS women to be about 22% (no:16). In a case control
study conducted by Maryam et al. a significant prevalence of auto immune thyroiditis
and goiter in PCOS %% was reported. Sridhar et al reported a prevalence of 1.04%
(2/13) of polycystic ovaries among hypothyroid patients. In our study, 22% of our
patients had hypothyroidism. This shows that there is a correlation between thyroid
dysfunction and PCOS which is also supported by the findings of Maryam et al &
Sridhar et al.*”® A similar finding of hypothyroidism among PCOS women was

observed by Onno E Janssen et al study (20.6%)M".

PREVALENCE OF HYPOTHYROIDISM & SUBCLINICAL

HYPOTHYROIDISM IN VARIOUS CONDITIONS!%4%!

TABLE:VI
PEER
GENERAL GROUP
POPULATION | INFERTILITY bCOS THIS STUDY
STUDY B
HYPO- 10-11% 23.9% 2.5% 22%
THYROIDISM 2-4% (20-40 yrs (21.91%)
women)

The age distribution of TSH table and trend of TSH in PCOS shows that serum TSH
level was at maximum between 20-30yrs. This peaking may be because the
requirement of thyroxin is high in this age for all organs including reproductive
system, which can be considered as an extension of physiological hypothyroidism. If
physiological demand for thyroxin is not quenched adequately it might be a reason for

developing subfertility later and ultimately leading to infertility.

97



Table: 1 shows the comparison of mean of all parameters for the study population
against the reference interval. From this it is understood that BMI, Fasting Insulin,
HOMA-IR, TSH & Testosterone were higher among PCOS patients than the
reference values. This infers that obesity, hyperinsulinemia, hypothyroidism,

hyperandrogenism are all the major contributing factors for PCOS.

Based on TSH cut-off value of 5pU/mL, the entire study population was divided into
2 groups. Groupl: PCOS with Euthyroid & Group2: PCOS with Hypothyroid.

Euthyroid PCOS women comprised 78% while hypothyroid PCOS women 22%.

Testosterone was significantly elevated in hypothyroid patients when compared with
the euthyroid group. (Table:19) Mean testosterone of group 1 was 52.95(+28.06)
while in group 2 it was 70.08(x£16.93) and the difference was statistically significant
(P value 0.023). On comparing the testosterone values with that of TSH for the two
groups we found observed a positive but weak correlation for hypothyroid group
(r = 0.14). There was no correlation between Testosterone and TSH for the euthyroid
group. This infers that as TSH rises Testosterone also increases and indicates that
Hypothyroidism is a contributing factor for hyperandrogenism and its sequale
(polycystic ovarian syndrome). This also infers that the existing hyperandrogen status
is worsened by the co existence of hypothyroidism. This may be the cause for
persistence of complaints like menstrual disorders, infertility, USG — finding of cysts
in some patients having treated for PCOS. This reinforces the importance of

evaluating serum TSH in a patient diagnosed as PCOS.

Table 14: Gives the comparison of mean BMI between Group 1=27.1(£5.75)
Group2 =30.71(x5.06) with statistically significant P value of 0.026. As thyroid

hormones are essential for lipid and protein metabolism, in hypothyroidism the

98



function is slowed down (hypometabolism) leading to fat and extracellular matrix

deposition leading to obesity.

Table: 15, Shows the comparison of mean Waist / Hip ratio between
Groupl1=0.84(+0.07) & Group2 =0.82(x 0.05). We have not observed any significant
variation between the groups. This shows that the distribution of fat is not different in
2 groups as all of them are having PCOS. The overall mean W/H ratio was 0.83
slightly in the upper expected limit (0.85) indicating that PCOS women are basically

towards developing truncal obesity.

In table:16, comparison of mean FBS & 2hrs Post glucose between the 2 groups were
shown and was not significant. Table:17 Comparison of fasting Insulin between
Groupl1=24.85(+43.45) and Group 2=27.24(+16.16) showed P value 0.83 and mean
HOMA-IR of Group1=5.64(£9.79) and Group 2=5.74(%x3.99) with P value 0.96. This
implies that there is no difference in Blood sugar and Insulin levels between those
who have euthyroid and hypothyroid status. This may be because the serum TSH for
most of the patients diagnosed as hypothyroid were possibly in subclinical state and
the metabolism might not have been significantly affected. But the mean HOMA-IR
of the study group (6.28+8.8) when compared with the reference range (<2.5) is very
much high indicating that the study population have insulin resistance universally 7%,

From our study, we have found that the 59 patients had normoglycemia, 13 had

impaired glucose level and one patient had both FBS and 2hrs PP in diabetic range.

The mean ovarian volume between the 2 groups showed a significant
difference. Group 1lhad a mean value of 11.39cc (+2.6) & Group2 had a mean value
of 12.98cc (£2.8) with P value=0.03. PCOS women with hypothyroidism had higher

ovarian volume than PCOS with euthyroid state. In hypothyroidism, there is collagen/
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cellular matrix deposition in most parts of the body including the ovaries increasing
the ovarian volume and impairs their function. Also the cyst number is expected to be
higher with thyroid dysfunction further contributing to increase in ovarian
volumel*™*172 This again emphasises the importance of screening for hypothyroidism
in newly diagnosed PCOS women and as per the recommendation of American

Thyroid Association 2012, serum TSH alone can be used to rule out thyroid disorders.
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SUMMARY

A cross sectional study was conducted in 73 newly diagnosed Polycystic

Ovarian Syndrome patients. Among 73 participants, 16 were diagnosed to have

hypothyroidism based on serum TSH (Thyroid Stimulating hormone) level with the

cut-off value of 5pU/mL. They were divided into 2 groups.

Group: 1 PCOS women with euthyroidism.

Group: 2 PCOS women with hypothyroidism.

From our study, we found that:

1)

2)

3)

4)

Mean BMI, Waist / Hip ratio, Fasting Insulin, HOMA-IR, Testosterone among
PCOS patients were found to be higher than the recommended reference
range.

The prevalence of hypothyroidism in PCOS patients was (22%), which is
higher than the prevalence of hypothyroidism in general reproductive age
women (2-4%). Thus, prevalence studies helps to bring many submerged /
occult disorders to light there by aiding in correct diagnosis and proper
treatment.

Our study followed the American Thyroid guidelines recommendation of
using serum TSH alone instead of the entire thyroid profile for screening
hypothyroidism in adults outpatient department which may be cost effective
and economical for the patients and the health care providers.

Comparison of mean Testosterone between euthyroid and hypothyroid patients
shows that hypothyroidism poses an additional contributing factor in
developing features of hyperandrogenism, subfertility, infertility and even

ovarian failure.
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CONCLUSION

Polycystic Ovarian Syndrome, an ill defined complex disorder and needs a
keen attention while treating. As ethnicity plays a vital role in this disorder, the
characteristics of this disorder in different population should be known. There exists a
cycle in the pathogenesis of PCOS from hypothalamus to ovary and vise-versa. The
ultimate finding is hyperandrogenism. Systemic disorders like Hypothyroidism,
Hyperprolactinemia, Hyperinsuliemia also contributes to hyperandrogenism by
reducing the hepatic SHBG production. All these factors lead to hormonal imbalance
affecting ovarian homeostasis resulting in anovulation. The final outcome may be
single or multiple,from simple acne to complicated infertility. Very often these PCOS
women were found to have hypothyroidism remaining submerged / undiagnosed
which augments the existing hyperandrogenism. Timely and appropriate
investigations can halt this cyclical event and its progression by early diagnosis and

treatment.

From this study, it is concluded that :

Hypothyroidism is definitely an important contributing factor for
hyperandrogenism, hence screening for hypothyroidism along with reproductive
hormone profile should be evaluated in PCOS / infertile women for early diagnosis

and management.
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LIMITATIONS OF THE STUDY

1. This is a cross sectional and observational study conducted on a small group
comprising of 73 subjects diagnosed as PCOS, who were further grouped based
on their thyroid function status into euthyroid and hypothyroid. All data were
compared between the two groups only. Hence some of the parameters did not
show statistical significance as PCOS was a common factor for the two groups. A
case- control study would have provided more information on the hormonal status
of healthy women in reproductive age group (controls) and the comparison with

PCOS individuals( cases) would have provided a better statistical significance.

2. The hyperandrogenic status of the patients in this study was biochemically
confirmed by measuring only Total testosterone rather than both total and free
hormone due to cost limitations. Although all patients in this study had clinical
features of hyperandrogensm, we found that 74% of the patients had normal
testosterone, and only 26% of the patients were biochemically hyperandrogenic
(as per the reference range of the kit used). Perhaps the free testosterone levels
(which was not measured) of these patients was possibly higher contributing to the

clinical features of hyperandrogenism.
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SCOPE FOR FURTHER STUDY

1. The reference range of various hormones for our ethnic population in different

age group can be worked out in future studies.

2. As obesity is a very common finding in PCOS and Hypothyroidism,
association of certain serum adipokines with PCOS and infertility can be

considered for further studies.

3. A case-control study with more number of subjects can be done which will be
useful for statistical analysis and provide more information on the mechanism

of interplay of the various hormones.

104



1)

2)

3)

4)

5)

6)

7)

8)

9

BIBLIOGRAHY

Franks S. Polycystic ovary syndrome. New England Journal Med1995;333:
853-61.

Best practice and research clinical obstetrics& gynaecology; vol:32 ;issue,

April 2008;261-74.

Azziz R, Woods KS, Reyna R, Key TJ, Knochenhauer ES, Yildiz BO (June
2004). "The Prevalence and Features of the Polycystic Ovary Syndrome in an
Unselected Population". Journal of Clinical Endocrinology & Metabolism 89
(6): 2745-9.

Diamanti-Kandarakis E, Kouli CR, Bergiele AT, Filandra FA, Tsianateli TC,
Spina GG, et al. A survey of the polycystic ovary syndrome in the Greek

island of Lesbos: Hormonal and metabolic profile. J ClinEndocrinol Metab

1999;84:4006-11.

Stein IF, Leventhal ML. Amenorrhea associated with bilateralpolycystic
ovaries. Am J Obstet Gynecol 1935;29:181.

Ramanand SJ, Ghongane BB, Ramanand JB, PatwardhanMH, Ghanghas RR,
Jain SS. Clinical characteristics of polycystic ovarysyndrome in Indian

women. Indian J Endocr Metab 2013;17:138-45.

Ehrmann DA, Barnes RB, Rosenfield RL 1995 Polycystic ovary syndrome as
a form of functional ovarian hyperandrogenism due to dysregulation of

androgen secretion. Endocr Rev16:322-353

Reproductive biology and endocrinology- Epidemiology of PCOS: A cross
sectional study of university students.Najah university of palestine-Medscape

update Nov-2013.

Boomsma CM, Fauser BC, Macklon NS (2008). "Pregnancy complications in
women with polycystic ovary syndrome". Semin. Reprod. Med. 26 (1): 72—
84.d0i:10.1055/5-2007-992927. PMID 18181085.




10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Teede H, Deeks A, Moran L (2010). "Polycystic ovary syndrome: a complex
condition with psychological, reproductive and metabolic manifestations that

impacts on health across the lifespan"

Dunaif A, Hoffman AR 1988 Insulin resistance and hyperandrogenism:
clinical syndromes and possible mechanisms. In: Pancheri P, Zichella L (eds)
Biorhythms and Stress in the Physiopathology of Reproduction. Hemisphere
Publishing Co, Washington, DC, pp 293-317

Wakim, A.N., Polizotto, S.L., Buffo, M.J., Marrero, M.A. & Burholt, D.R.
(1993) Thyroid hormones in human follicular fluid and thyroid hormone

receptors in human granulosa cells. Fertility and Sterility, 59, 1187—-1190.

Hull MGR 1987 Epidemiology of infertility and polycystic ovarian disease:

endocrinological and demographic studies. Gynecol Endocrinol 1:235-245

Azziz R, Woods KS, Reyna R, Key TJ, Knochenhauer ES, Yildiz BO (June
2004). "The prevalence and features of the polycystic ovary syndrome in an
unselected population”. J.  Clin.  Endocrinol. Metab. 89 (6): 2745-
2749. doi:10.1210/j¢.2003-032046. PMID 15181052

Journal of pediatric & Adolescence gynecology, vol :24,issue :4,page223-
227: August 2011.

Goldzieher JW, Green JA 1962 The polycystic ovary. I. Clinical and
histologic features. J Clin Endocrinol Metab 22:325-338

Polson DW, Wadsworth J, Adams J, FrankS 1988 Polycystic ovaries — a

common finding in normal women. Lancet 1:870-872
Fertil Sterile 1995;63:58-62.

March WA, Moore VM, Willson KJ, Phillips DI, Norman RJ, Davies MJ.
The prevalence of polycystic ovary syndrome in a community sample assessed

under contrasting diagnostic criteria. Hum Reprod 2010;25:544-51.

Farquhar CM, Birdsall M, Manning P.et.al. The prevalence of polycystic
ovaries on ultrasound scanning in a population of randomly selected

women.Aus NZI Obstetric Gynecology 1994; 34;67-72.



21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

Polson DW, Adam J,et.al. Polycystic ovaries a common finding in normal

women.Lancet 1998;1: 870-872.

Barbieri RL, Ryan KIJ 1983 Hyperandrogenism, insulin resistance, and
acanthosis nigricans syndrome: a common endocrinopathy with distinct

pathophysiologic features. Am J Obstet Gynecol 147:90 [Medline][Medline].

Poretsky L, Kalin MF 1987 The gonadotropic function of insulin. Endocr
Rev 8:132-141

Bartanela et.al. Measurement of serum free thyroid hormone concentration as
essential tool for diagnosis of thyroid dysfunction. Hormone res 1996,3-5:

142-7.

Ferriman D, Gallway JD. Clinical assessment of body hair growth in women.

J Clinc Endocrinol metab 1961; 21: 1440-7

Devdhar.M etal. Hypothyroidism, endocrinol metabolism, Clinical. North
America 2007; 3: 595-615

BDC Chaurasia’s HUMAN ANATOMY-3" Edition-vol-2: chap-31

Carr BR; Disorders of ovary &female reproductive tract.William et.al;
William’s Textbook of Endocrinology; 9™ Edition; Philadelphia pa;WB
saunders; 1998:751-817.

Inderbir singh’s Human Embryology -6 Edition —chapter 16.

William Ganong MD Reveiw of medical physiology , 22" edition; MC Graw
Hill; 2005: pg no: 362

Robbin’s & coban’s Pathologic basis of disease.-"" Edition-chapter 22; pg
1092-93

Yeh J adashi Ey. The ovarian life cycle. In yen ssc jaffe RB Barbieri RL,ed.
Reproductive Endocrinology; physiology pathophysiology & clinical
management, 4™ Edition, Philadelphia pa Wb saunders 1999: 153-90.

Tietz Text Book of Clinical chemistry, 5™ Edition- chapter 60; Reference

information for the Clinical Laboratory



34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

jiang X, Liu H, Chen X, Chen PH, Fischer D, Sriraman V, Yu HN, Arkinstall
S, He X (July 2012). "Structure of follicle-stimulating hormone in complex
with the entire ectodomain of its receptor". Proc Natl Acad Sci U S
A 109 (31): 12491-6.

Dufau ML winters CA, Hattori M, et.al. Hormone regulation of androgen

production by leydig cells.Journal steroid-Biochem 1984;20: 161-73

Hall PF. Testicular steroid synthesis: organisation & regulation.In Knobil E
Neil JD, The physiology of reproduction Newyork, NY Raven press,
1988:975-98

Stoco DM The steroidogenic Acute Regulatory protein (StAR) 2 yrs an
update.Endocrine 1997;6;99-109

Friess etal. (Dec 2000) Dehydroepiandrsterone —a neuro steroid; European

journal of clinical investigation; 30 suppl (3); 46-50.

Griffin JE, Wilson JD. Disorders of testes and male reproductive tract. In:
Williams RH, Larsen PR, Wilson JD, eds. Williams text book of
endocrinology. 9" edition Philadelphia: WB Saunders co.

Stancyzk FZ. Steroid hormone. In : Mishell DR, Davajan V, Lobo RA,eds.
Infertility, contraception and reproductive endocrinology. 3™ edition. 1993;

53-76.

Valero- politi etal. Daily rhythmic and Non rhythmic ariaton of follitropin,
lutropin, testosterone and Sex Hormone binding Globulin in men. Eur Journal

of Clinical chemistry Clin Biochemistry. 1996;34: 455-62.

Santen RJ. The testis function & dysfunction , In: Yen SSC,et al.
Reproductive Endocrinology, Physiology, pathophysiology and clinical
management , 4th edition, Philadelphia, Pa WB saunders,1999;632-68.

Tietz Text Book of Clinical Chemistry,5™ edition,chapter 55 Reproductive
Endocrinology & related disorders; pg1947

Morley JE, Patrick FE perry HM -3 Edition.Evaluation of assay available to

measure free testosterone metabolism 2002; 51;554-9.



45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

Vermeulen A. Androgen replacement therapy in the aging male-a critical

evaluation. Journal of clinical endocrinology metabolism 2001;86;2380-90.

Casper RF, Greenblatt EM, Laproscopic ovarian cautery for induction of
ovulation in women with polycystic ovarian disease. seminars reproductive

endocrinoloy. 8: 2080,1990.
Guzick DS PCOS Opbstetrics and Gynaecology 2004; 103; 181-93.

O’ malley B, Strott CA. Steroid hormone: metabolism and mechanism of
action. In Yen SSC;Reproductive Endocrinology; physiology pathophysiology
& clinical management, 4™ Edition, Philadelphia pa Wb saunders 1999: 153-
90.

Padrige WM. Serum bioavailability of sex steroid hormone. Clinical

endocrinol metabolism. 1986; 15: 259-78.
Receptor mediated peptide transport through BBB. Endo-Rev:1987, 7: 314-30

Tietz Text Book of Clinical Chemistry and molecular diagnostics, 5™ Edition-

Chapter — 60: Reference Information for the Clinical laboratory.

Plymate SR, Hoop RC, Jones RE, Matej LA: Regulation of sex hormone-
binding globulin production by growth factors. Metabolism 39: 967, 1990

Nestler JE: Editorial: Sex hormone-binding globulin: A marker for
hyperinsulinemia and/or insulin resistance? J Clin Endocrinol Metab 76: 273,

1993.

Hammond GL (2011) Diverse role of Sex Hormone Binding Globulin in
reproduction- Biology of reproduction 85(3) 431-41

Indian journal of endocrinology and metabolism/ march-April 2013/ vol:17;

Issue?2.

Parker LN. Control of adrenal androgen secretion- Endocrine metabolism-

clinical North American 1991;20;401-21.

Apter D (February 1980). "Serum steroids and pituitary hormones in female
puberty: a partly longitudinal study". Clinical Endocrinology 12 (2): 107-20.



58)

59)

60)

61)

62)

63)
64)

65)

66)

67)

68)

69)

Nelson LR, Bulun SE (September 2001). "Estrogen production and action". J.
Am. Acad. Dermatol. 45 (3 Suppl): S116-24

Sanchez LA ,et.al. Differential diagnosis of clinical evident hyperandrogenism;

Experience with over 1000 consecutive patients. Fertile sterile 2001

Robbin’s & coban’s Pathologic basis of disease.-7" Edition-chapter 22; pg
1092-93.

Given JR: Familial ovarian hyperthecosis: A study of two families. Am j

Obstrtics Gynaecology, 11: 959, 1971

Wilroy RS, Givens JR, Weser WL et al: Hyperthecosis- an inheritable form of
Polycystic ovarian disease. Birth defect. 11(5): 81; 1975Givens JR: Familial
polycystic ovarian disease. Endocrinol Metab Clin North Am 17: 1, 1988

Shaw’s textbook of Gynecology -13" Edition .chapter-3.
William F.Ganong —Review of medical physiology-21 st Edition-chapter-23.

Soules MR, MC Lachlan RI, EK M et al. Luteal phase deficiency:
Characterization of reproductive hormone over the menstrual cycle. J. Clinical

Endocrinol metab 1989; 69: 804-12.

Hull MG, Savage PE, Bromham DR (June 1982). "Anovulatory and ovulatory

infertility: results with simplified management". Br Med J (Clin Res
Ed) 284 (6330): 1681-5.doi:10.1136/bm;.284.6330.1681.

Balen, A. H; Dresner, M; Scott, EM; Drife, JO (2006). "Should obese women
with polycystic ovary syndrome receive treatment for

infertility?". BMJ 332 (7539): 434435

Dunaif A. Hyperandrogenic anovulation (PCOS): a unique disorder of insulin
action associated with an increased risk of non-insulin-dependent diabetes

mellitus. Am J Med1995; 98(suppl 1A):33S-39S.

Yen SSC 1980 The polycystic ovary syndrome. Clin  Endocrinol
(Oxf) 12:177-208



70)

71)

72)

73)

74)

75)

76)

77)

78)

79)

80)

McKenna TJ, Moore A, Magee F, Cunningham S 1983 Amenorrhea with
cryptic hyperandrogenemia. J Clin Endocrinol Metab 56:893-896

Hague WM, Adams J, Reeders ST, Peto TEA, Jacobs HS 1988 Familial
polycystic ovaries: a genetic disease? Clin Endocrinol (Oxf) 29:593-605

Hull MG (September 1987). "Epidemiology of infertility and polycystic
ovarian disease: endocrinological and demographic studies". Gynecol.

Endocrinol. 1 (3): 235-245.

Legro RS (February 2007). "A 27-year-old woman with a diagnosis of
polycystic ovary syndrome".JAMA 297 (5): 509-519.

Alexander NB, Cotanch PH (September 1980). "The endocrine basis of
infertility in women". Nurs. Clin. North Am. 15 (3): 511-24.

Hamilton-Fairley D, Kiddy D, Watson H, Paterson C, Franks S (February
1992). "Association of moderate obesity with a poor pregnancy outcome in

women with polycystic ovary syndrome treated with low dose

gonadotrophin". Br J Obstet Gynaecol 99 (2): 128-31

Dunaif A. Insulin resistence and polycystic ovarian syndrome.mechanism and

implication of pathogenesis Endocrine review 1997;18;774-800.pubmed.

Poretsky L 1991 On the paradox of insulin-induced hyperandrogenism in

insulin-resistant states. Endocr Rev 12:3—-13

Kahn CR 1994 Insulin action, diabetogenes, and the cause of Type II
diabetes. Diabetes43:1066—1084

Burghen GA, Givens JR, Kitabchi AE. Correlation of hyperandrogenism with
hyperinsulinism in polycystic ovarian disease. J Clin Endocrinol Metab

1980;50:113-6.

Flier JS, Minaker KL, Landsberg L, Young JB, Pallotta J, Rowe
JW 1982 Impaired in vivo insulin clearance in patients with severe target-cell

resistance to insulin. Diabetes31:132—135



81)

82)

83)

84)

85)

86)

87)

88)

89)

Marshall S 1985 Kinetics of insulin receptor internalization and recycling in
adipocytes. Shunting of receptors to a degradative pathway by inhibitors of
recycling. J Biol Chem260:4136-4144

DeFronzo RA, Tobin JD, Andres R 1979 Glucose clamp technique: a method
for quantifying insulin secretion and resistance. Am J Physiol 237:E214—

E223

Bergman RN, Hope ID, Yang YJ, Watanabe RM, Meador MA, Youn JH,
Ader M 1989Assessment of insulin sensitivity in  vivo: a critical

review. Diabetes Metab Rev 5:411-429

Bollage GE, Roth RA, Beaudoin J, Mochly-Rosen D, Koshland Jr
DE 1986 Protein kinase C directly phosphorylates the insulin receptor in

vitro and reduces its protein-tyrosine kinase activity. Proc Natl Acad Sci

USA 83:5822-5824

Takayama S, White MF, Kahn CR 1988 Phorbol ester-induced serine
phosphorylation of the insulin receptor decreases its tyrosine kinase activity. J

Biol Chem 263:3440-3447[Medline][Medline]

Karasik A, Rothenberg PL, Yamada K, White MF, Kahn CR 1990 Increased
protein kinase C activity 1is linked to reduced insulin receptor
autophosphorylation in liver of starved rats.J Biol Chem 265:10226—
10230 [Medline][Medline]

Chin JE, Liu F, Roth RA 1994 Activation of protein kinase Ca inhibits
insulin-stimulated tyrosine phosphorylation of insulin receptor substrate-

1. Mol Endocrinol 8:51-58

Muller HK, Kellerer M, Ermel B, Muhlhofer A, Obermaier-Kusser B, Vogt B,
Haring HU 1991 Prevention by protein kinase C inhibitors of glucose-induced

insulin-receptor tyrosine kinase resistance in rat fat cells. Diabetes 40:1440—

1448

Ruszynska YT, Olefsky JM 1996 Cellular and molecular mechanisms of non-
insulin dependent diabetes mellitus. J Invest Med 44:413— 428 .



90)

91)

92)

93)

94)

95)

96)

97)

98)

99)

100)

101)

Indian journal of endocrinology & metabolism. Oct-dec 2011;vol-15; issue 4.

Moran L;Teede H metabolic feature of the reproductive phenotype of PCOS.
Human reprod update 2009, 15: 477-88

Williamson’s K et.al The impact of ethinicity on the presentation of PCOS.
Australian NewZeland Journal of obstetric & gynecology.2001:41;202-206.

Barbieri AL, Infertility. In Yen SSC et.al Reproductive endocrinology 4™
edition 1999: 562-93.

Azziz R (March 2006). "Diagnosis of Polycystic Ovarian Syndrome: The
Rotterdam Criteria Are Premature". Journal of Clinical Endocrinology &

Metabolism 91 (3): 781-785.d01:10.1210/jc.2005-2153
Int J Appl Basic Med Res. 2012 Jan-Jun; 2(1): 17-19.

Sultan C, Paris F. Clinical expression of polycystic ovary syndrome in

adolescent girls. Fertil Steril.2006;86(suppl 1):S6. [PubMed]

Carmina E, Oberfield SE, Lobo RA. The diagnosis of polycystic ovary
syndrome in adolescents. Am J Obstet Gynecol. 2010;203:201.el-
201.e5. [PubMed]

Dewailly D, Hieronimus S, Mirakian P, Hugues JN. Polycystic
ovarysyndrome (PCOS). Ann Endocrinol (Paris) 2010;71:8-13.

Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group.
Revised 2003 consensus on diagnostic criteria and long-term health risks

related to polycystic ovary syndrome. Fertil Steril 2004;81:19-25.

Marshall LA. Clinical evaluation of amenorrhoea in active and athletic

women. Clinical sports medicine 1994;13-371-87.

Azziz R et al, Non-Classical Adrenal hyperplasia: Current concept .J . Clinical
Endocrinol metabolilsm 1994; 810-15.



102)

103)

104)

105)

106)

107)

108)

109)
110)

111)

112)

113)

Rosenfield RL, Lucky Aw: Acne, hirsutism & alopecia in adolescent girls.
Clinical expression of androgen excess. Endocrinal metabolism clinical north

America.1993; 22: 507-32.

Mechanick J, Dunaif A 1990 Masculinization: a clinical approach to the
diagnosis and treatment of hyperandrogenic women. In: Mazzaferri E (ed)
Advances in Endocrinology and Metabolism. Mosley Year Book, Inc,

Chicago, IL, pp 129-173.

Saikiyama R. Approach to patients with hirsutism. Western Journal of

medicine 1996:165: 386-91.
Rittmaster RS. Hirsutism. Lancet 1997; 349:191-95.

Futterweit W, Dunaif A, Yeh H, Kingsley P 1988 The prevalence of
hyperandrogenism in 109 consecutive women presenting with diffuse

alopecia. J Am Acad Dermatol 19:831-836
Acne academy- Internet

Barbieri RL (November 2001). "The initial fertility consultation:
recommendations concerning cigarette smoking, body mass index, and alcohol

and caffeine consumption".Am. J. Obstet. Gynecol. 185 (5): 1168—1173.
WHO.int. 2013-03-19. Retrieved 2013-06-17.
NICE fertility guidance.

FERTILITY FACT > Female Risks By the American Society for
Reproductive Medicine (ASRM). Retrieved on Jan 4, 2009

Alexander NB, Cotanch PH (September 1980). "The endocrine basis of
infertility in women". Nurs. Clin. North Am. 15 (3): 511-24. .

van Zonneveld P, Scheffer G, Broekmans F, Blankenstein M, de Jong F,
Looman C, Habbema J, te Velde E (2003). "Do cycle disturbances explain the
age-related decline of female fertility? Cycle characteristics of women aged

over 40 years compared with a reference population of young women". Hum

Reprod 18 (3): 495-501.



114)

115)

116)

117)

118)

119)

120)

121)

122)

123)

Mascarenhas, M.N., Flaxman, S.R., Boerma, T., Vanderpoel, S., Stevens, G.A.
(2012). "National, Regional, and Global Trends in Infertility Prevalence Since
1990: A Systematic Analysis of 277 Health Surveys "PLOS Med (9;12)
e1001356.

http://www.fertilityfaq.org/ pdf/magazinel v4.pdf

Imani B, Eijkemans MJ, te Velde ER, Habbema JD, Fauser BC (July
1998). "Predictors of patients remaining anovulatory during clomiphene citrate
induction of ovulation in normogonadotropic oligoamenorrheic infertility". J.

Clin. Endocrinol. Metab. 83 (7): 2361-2365.

Filicori M, Flamigni C, Dellai P et al. (October 1994). "Treatment of
anovulation with pulsatile gonadotropin-releasing hormone: prognostic factors
and clinical results in 600 cycles". J. Clin. Endocrinol. Metab. 79 (4): 1215—
1220.

Morgan, S.; Anderson, R. A.; Gourley, C.; Wallace, W. H.; Spears, N. (2012).
"How do chemotherapeutic agents damage the ovary?". Human Reproduction
Update 18 (5): 525. doi:10.1093/humupd/dms022.

Hennessey JV. Evaluating & treating the patients with hypothyroid disease.
Journal of fam. Practice 2007: suppliment8;31-9.

Kein LLevey Gs.Unusual manifestation of hypothyroidism. Arch Intern

medicine 1984;1;123-8.
Ganong 21* Edition —Chapter 18, Review of medical physiology.

sever hair loss,even with depression. Longo, DL; Fauci, AS; Kasper, DL;
Hauser, SL; Jameson, JL; Loscalzo, J (2011). "341: disorders of the thyroid
gland". Harrison's principles of internal medicine.(18th ed.). New York:
McGraw-Hill.

Prevalence of hypothyroidism in adults: An epidemiological study in 8 cities
in India. Indian Journal of Endocrinology & Metabolism; Vol:17; Issue4;

647-52.



124)

125)

126)

127)

128)

129)

130)

131)

132)

133)

Thyroid disease & female reproduction-Krisspoppe et.al; Clinical
Endocrinology 2007;66(3);309-21.

International Journal of applied basic medicine research.2012-vol-2-issue:1,
page 17-19. Prevalence of hypothyroidism in infertile women & evaluation of

response of treatment for hypothyroidism in infertility.

Ayala AR, Danses MD, Ladenson PW. When to treat mild hypothyroidism,
Endocrinol metab clini N Am 2000; 29: 399-415.

Indian Journal of Endocrine and metabolism, Prevalence, Clinical &

biochemical profile of subclinical hypothyroidism in normal.

Indian Journal of Endocrinology & metabolism. Thyroid disorder in PCOS
subjects- a hospital based cross section study from eastern India. March-April

2013; 17(2); 304-309.

Chakera, AJ; Pearce, SH; Vaidya, B (2012)."Treatment for primary

hypothyroidism: current approaches and future possibilities". Drug Design,

Development and Therapy (Review) 6: 1-11.

Persani, L (September 2012). "Clinical review: Central hypothyroidism:

pathogenic, diagnostic, and therapeutic challenges". The Journal of Clinical
endocrinology and Metabolism (Review) 97 (9): 3068—78

Donaldson, M; Jones, J (2013)."Optimising outcome in congenital

hypothyroidism: current opinions on best practice in initial assessment and

subsequent management".Journal of Clinical Research in Pediatric
Endocrinology (Review). 5 Suppl 1 (4): 13-22.

Khandelwal D, Tandon N (January 2012). "Overt and subclinical
hypothyroidism: who to treat and how". Drugs (Review) 72 (1): 17—
33.d0i:10.2165/11598070-000000000-00000. PMID 22191793.

Bona, G; Prodam, F; Monzani, A (2013). "Subclinical hypothyroidism in

children: natural history and when to treat". Journal of Clinical Research in

Pediatric Endocrinology (Review). 5 Suppl 1 (4): 23—
8. doi:10.4274/jcrpe.851. PMC 3608012.PMID 23154159




134)

135)

136)

137)

138)

139)

140)

141)

142)

143)

144)

145)

"Subclinical Hypothyroidism: An Update for Primary Care Physicians". Mayo
Clinic Proceedings (Review) 84 (1): 65-71.

Vaquero E, Lazzarin CD, Valensise H, Moretti C, Ramanini C. Mild thyroid
abnormalities and recurrent spontaneous abortion: Diagnostic and therapeutic

approach. AMJ Reprod Immunol. 2000;43:204—8. [PubMed]

Ochs, N; Auer, R; Bauer, DC et al. (June 2008). "Meta-analysis: subclinical
thyroid dysfunction and the risk for coronary heart disease and

mortality". Annals of Internal Medicine (Meta-analysis) 148 (11): 832—45.

Cumming Cn.et al. Thyroid anatomy In : Otolarygology- Head & neck surgey
3" Edition,St.Louis mo:Mosby:1998 (2445-49).

Thyroid gland In : William PL, Bannistes LH,et.al. Gray’s Anatomy 38"
Edition. Newyork NY. Churchill livingstone. 1995: 1891-96.

Fisher DA, Klein AH, Thyroid development & disorders of thyroid function in
new born. New England journal of medicine.1981;12;702-12.

Tietz textbook of clinical chemistry and molecular diagnostics, 4™ edition,

chapter 52, The Thyroid: pathophysiologyand Thyroid function testing.

Merezhinskaya N,  Fishbein WN.  Monocarboxylate transporter,
past,present,future. Histol histpathol 2009;2:243-64.

Irizarry,Lisandro( April23, 2014) Thyroid hormone toxicity, medscape
wedMD LLC. Retrived- may 2014.

Cheng, SY; Leonard, JL; Davis, PJ (Apr 2010). "Molecular aspects of thyroid
hormone actions". Endocrine Reviews 31 (2): 139-70. doi:10.1210/er.2009-
0007.PMC 2852208. PMID 20051527.

Dons, Robert F.; Jr, Frank H. Wians (2009). Endocrine and metabolic

disorders clinical lab testing manual (4th ed. ed.). Boca Raton: CRC Press.
p. 10.ISBN 9781420079364

Lincoln, S.R., Ke, R-W. & Kutteh, W.H. (1999) Screening for hypothyroidism

in infertile women. Journal of Reproductive Medicine, 44, 455-457.



146)

147)

148)

149)

150)

151)

152)

153)

154)

Brabant, G., Beck-Peccoz, P., Jarzab, B., Laurberg, P., Orgiazzi, J., Szabolcs,
I., Weetman, A.P. & Wiersinga, W.M. (2006) Is there a need to redefine the
upper normal limit of TSH? European Journal of Endocrinology, 154, 633—
637.

Pollitt, RJ (Jun 2009). "Newborn blood spot screening: new opportunities, old
problems". Journal  of Inherited Metabolic Disease 32 (3):  395-
9. d0i:10.1007/s10545-009-9962-0. PMID 19412659..

guidelines development group (2006-06-01). "UK Guidelines for the Use of
Thyroid Function Tests" (pdf). Retrieved 2014-01-14

Garber, JR; Cobin, RH; Gharib, H; Hennessey, JV; Klein, I; Mechanick, JI;
Pessah-Pollack, R; Singer, PA; Woeber, KA for the American Association of
Clinical Endocrinologists and the American Thyroid Association Taskforce on
Hypothyroidism in Adults (December 2012). "Clinical Practice Guidelines for
Hypothyroidism in Adults". Thyroid 22 (12): 1200—
1235. doi:10.1089/thy.2012.0205. PMID 22954017.

Maclsaac, RJ; Grossmann M (August 2012). "Hypothyroidism".Australian
Family Physician 41 (8): 556—62. PMID 23145394.

Palha JA, Transthyretin as a thyroid hormone carrier, function revisted.

Clinical chemistry medicine; 2002; 12: 1293-300.

van den Boogaard, E; Vissenberg, R; Land, JA et al. (2011). "Significance of
(sub)clinical thyroid dysfunction and thyroid autoimmunity before conception
and in early pregnancy: a systematic review". Human Reproduction
Update (Review) 17 (5):605-19.doi:10.1093/humupd/ dmr024.

Vissenberg, R; van den Boogaard, E; van Wely, M et al. (July

2012). "Treatment of thyroid disorders before conception and in early

pregnancy: a systematic review". Human Reproduction Update (Review)
18 (4): 360-73.

Bercovici JP. Menstrual irregularities and thyroid diseases. Feuillets de

biologie.2000;74: 1063—70.



155)

156)

157)

158)

159)

160)

161)
162)

163)

164)

165)

166)

Benson, R.C. & Dailey, M.E. (1955) The menstrual pattern in hyperthyroidism
and subsequent posttherapy hypothyroidism. Surgery, Gynecology and
Obstetrics, 100, 19-26.

Goldsmith, R.E., Sturgis, S.H., Lerman, J. & Stanbury, J.B. (1952) The
menstrual pattern in thyroid disease. Journal of Clinical Endocrinology and

Metabolism, 12, 846—855.

MC Neilly AS,et al; Evidence for direct inhibition of ovarian function by
prolactin. Journal of Reproductive fertile, 1982: 65: pg n0:559-69.

Cumming Dc, Wall SR, Non sex hormone binding globulin- bound
testosterone as a marker for hyperandrogenism. Journal of clinical endocrinal

& metabolism 1985; 61: 873-6.
STEP Wise approach to survelliance (STEPS) WHO retrieved march 2012.

A hand book on DIABETES MELLITUS —V.Seshiah, 6h edition, chapter 3,
pgno:Sl.

http:// whqlibdoc.who.int/ publication 2011/ eng.pdf.
Global database of BMI-WHO 2006, retrieved by july2012.

Brown, RS (2013). "Autoimmune thyroiditis in childhood". Journal of

Clinical Research in Pediatric Endocrinology (Review). 5 Suppl 1 (4): 45—
9.d0i:10.4274/jcrpe.855. PMC 3608006. PMID 23154164.

Enhanced Luminescence : A practical Immunoassay system, Medicine
publishing foundation symposium series 18, Oxford, UK, 1986, Medicine

publishing foundation.

Scholmerich J etal, editors: Bioluminescence and Chemiluminescence : New

propectives, New York 1987, Wiley & sons.

Maryam et al. Prevalence of auto immune thyroiditis in patients with PCOS-
Archives of Gynaecology & Obstetrics’ March 2012, vol 285. Issue 3;
pg 853-56.



167)

168)

169)

170)

171)

172)

173)

174)

OnnoJanssen OE, Mehlmauer N, Hahn S et al. Highprevalence of autoimmune
thyroiditis in patients withpolycystic ovary syndrome. Eur J Endocrinol

2004;150: 363-9.

Vaishali Deshmuki et al, Prevalence, Clinical & Biochemical profile in

subclinical hypothyroidism in normal population in Mumbai.

Uma sinha et al. Thyroid disorders in polycystic ovarian syndrome-A tertiary
hospital based cross sectional study. Indian Journal of Endocrinology and

Metabolism / Mar-Apr 2013 / Vol 17 | Issue 2

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia.

1985;28(7):412-9.

Adams WC, Leathem JH- Influence of hypothyroidism & chronic

Gonadotropin on ovarian collagen in rat; Endocrinology 1964 july; 75; 138-9.

Marrinan, Greg (20 April 2011) Imaging in polycystic ovary Disease . In Lin
Eugene C. E medicine, Retrived 19 November 2011.Richard scott lucidi (25

october 2011) polycystic ovarian syndrome.

Sridhar GR, Nagamani G. Hypothyroidism presenting with polycystic ovary
syndrome. J Assoc Physicians India 1993;41:88-90.

Ghosh S, Kabir SN, Pakrashi A, Chatterjee S, Chakravarty B.Subclinical
hypothyroidism: A determinant of polycystic ovarysyndrome. Horm Res

1993;39:61-6.



DEVELOPMENT OF OVARY

Genital gord

o o e !
ol Rl s - D P

1',“”".‘."‘.;_,"';— S g TS,

TP i __;ié'}:;;",.- F'.!::: G’ermr'ua.!
bﬁ,’.\},—___-_-—-':{@:u_‘ epithelivm
i | i

o K




OVARIAN CYCLE

Q
N
L
<
=T
Qu
L
e
[T
o
i
.
i
0O

L
=
U
I
s |
=
i
c
QL
=

Ovulation

Egq released



Ovarian
cycle

Body

pituitary

Anterior

Owvarian

Uterine
cycle

CHANGES IN MENSTRUAL CYCLE

0O0QM® @

Ovulation Corpus luteum

Growing follicle

& @

Corpus albicans

hormones

gl arc
: N e N
1}
. I
T T e e B P R & R R e R ST
ﬁ Luteinizing hormone (LH)
=
=]
E Follicle-stimulating
E hormone (FSH) -
Progesterone

Menses i Menses
-s—— Follicular phase -r: e Luteal phase — =
0 days 14 days 28 days

Ovulation



TESTOSTERONE MOLECULE

Testosterone Molecule (CqHo504)

&G

|I'|~,

@i j#,'} D
005 HewhAWerks

ﬂ"ll-l




SEX STEROIDS SYNTHESIS




MORPHOLOGY OF OVARY IN PCOS

enlasgad follicia

|
o

o

|I'|::|r'|1il|l ovary | Polyeyslic ovary

USG - PCO




DISTRIBUTION OF INFERTILITY PERCENTAGE

Infertility causes
Male . Combined 10%

A\

Lnexplained
29%

30% Other 5%



CLINICAL FEATURES OF HYPOTHYROIDISM

g Al symplaene ol
Hypothyroidism

Plwichoenic i

« P 1men Fury i
R H EIVH H ] [ [H

e ran

A et

- Feghng Coa

- Wenghl 25 © with
ra0r Anpot le

= e ey

]

== - Han e
S soess o
o A . L

S - Higyral eHus on

Slewas ool riiler
s i Tsae 1 - Sh

FProcimdl nMgsmm pem s & © o= oW
Pares s

B "y aescler

Duzliverse | -l
I § S
S R - _ . ::-""5 MR
e ol - Sorsl gabe

- SENtns

Fetrizsnhe ey
ST TR Ryl
swslor:

izl el



HISTOLOGY OF THYROID GLAND

Colloid material
Calloid in
lymphatic vessel

Cubical
epilhelium




REGULATION OF THYROID HORMONE

hypothalamus




SYNTHESIS OF THYROID HORMONE

Thyroglobulin

Thyroglabulin

indination 1 I Lumern

Tight
junctio

£ e

Thyroglobulin Colloid Ribosomes Lysosomes
precursers in droplets

secretory

vesicles



THYROID STIMULATING HORMONE




INSTITUTIONAL ETHICS COMMITTEE
MADRAS MEDICAL COLLEGE, CHENNAI-3

EC Reg No.ECR/270/Inst./TN/2013
Telephone No : 044 25305301
Fax : 044 25363970

CERTIFICATE OF APPROVAL

To

Dr. R. Amirtha Jansi Rani,

PG in MD Biochemistry,

Institute of Biochemistry,

Madras Medical College, Chennai-3.

Dear Dr. R. Amirtha Jansi Rani,

The’ Institutional Ethics Committee of Madras Medical College,
reviewed and discussed your application for approval of the proposal entitled
“Prevalence of hypothyroidism in newly diagnosed polycystic ovarian
syndrome patients” No.17022014

The following members of Ethics Committee were present in the
meeting held on 04.02.2014 conducted at Madras Medical College,
Chennai-3.

1. Dr. G. Sivakumar, MS FICS FAIS -- Chairperson
2. Dr. Kalai Selvi, MD -- Member Secretary
~ Prof. of Pharmacology, MMC, Ch-3

3. Prof. Dr. K.Ramadevi, MD -- Member
Director i/c, Instt. of Biochemistry, Chennai.

4. Dr. Geetha Devadoss, -- Member
Associate Professor of Pathology, MMC,Ch-3.

5. Prof. Dr. Sivasubramanian, -- Member
I/c Director, Institute of Internal Medicine, MMC, Ch-3.

6. Thiru. S. Govindasamy, BABL -- Lawyer

7. Tmt. Arnold Saulina, MA MSW -- Social Scientist

We approve the proposal to be conducted in its presented form.

Sd/Chairman & Other Members

 The Institutional Ethics Committee expects to be informed about the
progress of the study, and SAE occurring in the course of the study, any
changes in the protocol and patients information / informed conseat and
asks to be provided a copy of the final report.




PATIENT CONSENT FORM

PREVALENCE OF HYPQTHYROIDISM IN NEWLY DIAGNOSED POLYCYSTIC
OVARIAN SYNDROME. PATIENTS

Name Date
Age OP No
Sex. = Project Patient No
Address:

Phone NO:

The details of the study have been provided to me in writing and explained to me in my own
language.

F  confirm that F have understood the above study and had the opportunity to ask questions.

F understand that my participation in the study is voluntary and that I am free to withdraw at
amy time, withowt giving any reason, without the medical care that will normally be provided
by the hospital being affected.

I agree not to restrict the use of any data or results that arise from this study provided such a

use is only for scfentific purpose(s).
I have Beer given an information sheet giving details of the study.

B fully consent to participate it the above study conducted by Dr.Amirtha jansiRani.

Sigriature of thie investigator. Signature of the Participant

Dife:




SLIMISAL. @ULIZS SigHLb
SYImief geneoliy: e udfiral g Cpmis ssim_fluliuc . Cprursflasiis
eoprmi® &0y @epur® urelwsteranioanw
s B,

SyImiESwnei . wm. Do, Wigr gorendymen,
; 21 6T1(H ((WguBlenev UL gnfl)
e ufliCeuFuilwey giemm,
Clgsitens S gIaus sogn,
Qsirensy - 500003,

SpTLEE penLClupis @tb:  Clesitenss SIS &g wHEYL
Brgles anpd sivs Qung wmSgianoener,
Qs&%jmsm - 800008,
Quwr /euwg : Gsd:
Lneo : ynCrawned] stevor :
TMLEA Caidens et :
Dbs QImisferu upPlu efleurmissT sigen Crrésiuasgnd (WWeLUTSaD
Qg rafleuraajin elenss UL g).

Sipenen Lfg Qarain@ pren s sbug s O eilsECpen. senis, Dyl
uAGergenen g Clanser sbLogib.

Ssiewi Birsly Cemi sev_uiule  Quemsaie angrml®  &rod
GopuUIQWL wrell ediergn ssitp BBs s rnusdulon cleuriisst Gameo Sseuesy
grenen Qlupms OlamesoBi_si. '

Bbs aymisdules Apflss Hiunslsn) s Qenmss e muusSen Guileuzsmein
ki CupdGpe LHE Bre BEs prmuFddedmig) OB Wlsramiseoms
SEMUMBIILE, Hipare) s AfEmss@ ans LTHiLL opuLEg sremuang LD Liisg
ClaremGLsit. Cugd Bger epewd aig Sleneslansmayih SUGITEI 61601 LogEBEIeul ppevts
ApfbgQansinG asgionw sufmmasr ohpb W ssidas Bis
wEEgIe prmisuded siamananuis Coiggd Qansrer mrer Fbwd adCpen.

SYImisfwnenii ensGlwniiub wiGaHureni snsClumiiub

Gzd) :




PROFORMA

NAME : DATE:

AGE : SEX : PROJECT SERIAL NO:
IP/OP NO: CASE/CONTROL:
ADDRESS :

CONTACT NO:

SAMPLE COLLECTION CENTRE

MAIN COMPLAINTS : MENSTRUAL IRREGULARITY [ OLIGO/AMENNORRHOEA INFERTILITY O
WEIGHT GAIN O OTHERS O LMP
DURATION
ASSOCIATED COMPLAINTS : ACNE O HIRSUITISM O HYPERTRICHOSIS O
RECURRENT PREGNANCY LOSS OO GALACTORRHOEA O  OTHERS O
MENSTRUAL HISTORY : MENARCHY AGE OO0 CYCLE : REGULAR/IRREGULAR DURATION

ASSOCIATED WITH ABDOMINAL PAIN O

MARRIED SINCE : CYCLE: REG/IRREGULAR  DURATION
ABORTION O NoOd GESTATIONALAGE O
FAMILY HISTORY : MOTHER CYCLE: O SISTER: OO AUNTY: O
TREATMENT HISTORY : oc.piLLs O THYROXINE O CORTICOSTEROIDS OO  ANTIEPILEPTICS OO
AMIADARONE O OTHERS O DURATIION
CLINICAL EXAMINATION : HEIGHT: WEIGHT: BMI:

Waist: Hip:



CLINICAL EXAMINATION OF THE : NECK:
BREAST:

INVESTIGATIONS:

FASTING GLUCOSE

2HRS POST GLUCOSE

FASTING INSULIN

TSH

TESTOSTERONE

ULTRASOUND PELVIS & OVARIES:



), Turnitin Document Viewer - Moz

] https:/www.turnitin.com/dvis=18lo=454460318 fu=1030975197 student_user=18&lang=en_usél
The Tamil Nadu Dr.M.G.R Medical U.... THMGRMU EXAMINATIONS - DUE 15-Au.x

ey GradeMark Peeritark A study on Thyroid function status in newly diagnosed Polycystic ovarian syndrome patients tu rnitin‘@ 8%

BY AMIRTHAZ01223001 MD BIOCHEMISTRY RANIAMIRTHA JANS IRANIR
SMLAR ouToRD

Match Overview

en.wikipedia.org

Internet source

—

INTRODUCTION

labmed.ucsf.edu
Internet source

The most common physical and psychological stresses in

www.ncbinlm.nih.gov
Internet source

post pubertal young women are menstrual disorders and infertility. A survey
T. L Marx. "Polycystic...

Publication

conducted by World Bank in 2013 showed that the fertility started dropping 10 years

Hwashim Lee. "Measu...
Publication

back with 17% decline every year from 2000 which was reported in a very popular

Submitted to CSU, Sa...

magazine of India. In another famous journal survey, 10% of urban Indian couples in JRaiact

reproductive age group are infertile. Most females with irregular menses ignore this

www.antibiotic.sexpriv...
Internet source

complaint till they are criticized as infertile women. The leading causes for menstrual
Toriola, A L.; Moselak_..

Fublication

iregularity are Polycystic ovarian syndrome and Hypothyroidism. |Polycystic ovarian

Submitted to Jawaharl ..
Student paper

W R B~ POy PO B o BN

syndrome is the most common endocrine disorder among the reproductive age

10 thevreelandclinic word....

group womeri"'z' 34 and it races with other metabolic disorders resulting in s

complications if left untreated. PCOS is a complex disorder with chronic anovulation, {1 Submited to Central .

Student paper

. . " . . . . . [s]
hyperandrogenism and hyperinsulinemia with multiple cysts in ovaries ™. Western —T

Publication

population studies show the prevalence of PCOS to be about 4-8% among young

8T DR P e




. turnitincom/newreport.asp?lang=en_us8oid=454460318 &ft=18bypass_cv=1
preferences

Processed on: 23-Sep-2014 22:41 IST
ID: 454460218

Word Count: 16568

Submitted: 3

A study on Thyroid
function status in newly

d

By Amirtha201223001.md
Biochemistry RaniAMIRTHA JANS

turnitink))

Originality Report

Document Viewer

Similarity by Source

Similarity Index

Internet Sources: 7%
0, Publications: 4%
SA Student Papers: EL

IRANI R

include quoted include bibliography  excluding matches < 12 wordsw

INTRODUCTION The most commaon physical and psycholoagical stresses in post pubertal young women are menstrual disorders and infertility. A survey conducted by
World Bank in 2013 showed that the fertility started dropping 10 years back with 17% decline every year from 2000 which was reported in a very popular magazine
of India. In another famous journal survey, 10% of urban Indian couples in reproductive age group are infertile. Most females with irregular menses ignore this
complaint till they are criticized as infertile women. The leading causes for menstrual irregularity are Polycystic ovarian syndrome and Hypothyroidism.

Polycystic ovarian syndrome is the most common endocrine disorder among the reproductive age group women

[1, 2, 3, 4] and it races with other metabolic disorders resulting in complications if left untreated. PCOS is a complex disorder with chronic anovulation,
hyperandrogenism and hyperinsulinemia with multiple cysts in ovaries [5]. Western population studies show the prevalence of PCOS to be about 4-8% among
young women [2]. In India studies show the prevalence of 5-10% [1]. Even though the definition of PCOS is not fully established, they usually present with different
complaints from simple acne to complicated infertility based on their response to the available androgen. Most of them are obese and are at risk of developing
Diabetes mellitus, dyslipidemia, metabolic syndrome, cardiovascular disorders, carcinoma of endometrium or cervix [6,7, 8]. Hypothyroidism is another complicated
disorder found particularly in youna reproductive age group women. Hypothyroid patients may present with simple weaknass and fatigue to complicated infertility.
Apparently healthy young females selected as controls in studies were found to have hypothyroidism incidentally and that too in a higher percentage. This implies
that many healthy looking women may have subclinical or occult and even overt hypothyroidism that has remained undiagnosed. They are identified only after
developing complication or following a routine health check up. Several women with menstrual disorder or infertility attending gynaecology department were
retrospectively analysed to have polycystic ovaries and / or elevated serum TSH. PCOS and hypothyroidism both together or individually adds the risk for infertility
and menstrual irregularities. The burden of infertility in India is in the ascending trend and the expenditure per birth in infertile PCOS women has risen
tremendously. Studies conducted in combining these two disorders show that they are significantly related. The ultimate finding in PCOS is hyperandrogenism which
is aggravated in the presence of hypothyroidism. Screening for hypothyroidism in PCOS patients in our population gives a better idea about the epidemiology of this
disorder and the importance of evaluating thyroid function status in them. A study conducted by Sridhar et al. also supports the concept of treating hypothyroidism
first in patients having both these disorders and has found positive results by doing so. These facts and findings from various literatures stimulated us to conduct a
cross sectional study about thyroid function status in newly diagnosed PCOS patients by using a single and best indicator

of thyroid function status- Thyroid Stimulating Hormone (TSH). REVIEW OF Iz‘

LITERATURE

Polycystic ovary Syndrome (PCOS) is the most common endocrine disorder of women in reproductive age group

e

mude:lshowhighstmwhsmge‘therlzl é |}
&

1% match (Internet from 27-Apr-2014) F
http://en.wikipedia.org

1% match ()
http://labmed.ucsf.edu

m

1% match (Internet from 23-Apr-2014)
http://www.ncbi.nlm.nih.gov

< 1% match (Internet from 12-May-2014)
http://labmed.ucsf.edu

< 1% match (Internet from 15-Jun-2014)
http://en.wikipedia.org

O o oo o o

< 1% match (Internet from 21-Sep-2012)
http://en.wikipedia.or:

[~]

< 1% match (publications)
T. L Marx. "Polycystic ovary syndrome:

pathogenesis and treatment over the short
and long term.", Cleveland Clinic Journal of

Medicine, 01/01/2003

< 1% match (publications)




INSTITUTIONAL ETHICS COMMITTEE
MADRAS MEDICAL COLLEGE, CHENNAI-3

EC Reg No.ECR/270/Inst./TN/2013
Telephone No : 044 25305301
Fax : 044 25363970

CERTIFICATE OF APPROVAL

To

Dr. R. Amirtha Jansi Rani,

PG in MD Biochemistry,

Institute of Biochemistry,

Madras Medical College, Chennai-3.

Dear Dr. R. Amirtha Jansi Rani,

The’ Institutional Ethics Committee of Madras Medical College,
reviewed and discussed your application for approval of the proposal entitled
“Prevalence of hypothyroidism in newly diagnosed polycystic ovarian
syndrome patients” No.17022014

The following members of Ethics Committee were present in the
meeting held on 04.02.2014 conducted at Madras Medical College,
Chennai-3.

1. Dr. G. Sivakumar, MS FICS FAIS -- Chairperson
2. Dr. Kalai Selvi, MD -- Member Secretary
~ Prof. of Pharmacology, MMC, Ch-3

3. Prof. Dr. K.Ramadevi, MD -- Member
Director i/c, Instt. of Biochemistry, Chennai.

4. Dr. Geetha Devadoss, -- Member
Associate Professor of Pathology, MMC,Ch-3.

5. Prof. Dr. Sivasubramanian, -- Member
I/c Director, Institute of Internal Medicine, MMC, Ch-3.

6. Thiru. S. Govindasamy, BABL -- Lawyer

7. Tmt. Arnold Saulina, MA MSW -- Social Scientist

We approve the proposal to be conducted in its presented form.

Sd/Chairman & Other Members

 The Institutional Ethics Committee expects to be informed about the
progress of the study, and SAE occurring in the course of the study, any
changes in the protocol and patients information / informed conseat and
asks to be provided a copy of the final report.




PATIENT CONSENT FORM

PREVALENCE OF HYPQTHYROIDISM IN NEWLY DIAGNOSED POLYCYSTIC
OVARIAN SYNDROME. PATIENTS

Name Date
Age OP No
Sex. = Project Patient No
Address:

Phone NO:

The details of the study have been provided to me in writing and explained to me in my own
language.

F  confirm that F have understood the above study and had the opportunity to ask questions.

F understand that my participation in the study is voluntary and that I am free to withdraw at
amy time, withowt giving any reason, without the medical care that will normally be provided
by the hospital being affected.

I agree not to restrict the use of any data or results that arise from this study provided such a

use is only for scfentific purpose(s).
I have Beer given an information sheet giving details of the study.

B fully consent to participate it the above study conducted by Dr.Amirtha jansiRani.

Sigriature of thie investigator. Signature of the Participant

Dife:




SLIMISAL. @ULIZS SigHLb
SYImief geneoliy: e udfiral g Cpmis ssim_fluliuc . Cprursflasiis
eoprmi® &0y @epur® urelwsteranioanw
s B,

SyImiESwnei . wm. Do, Wigr gorendymen,
; 21 6T1(H ((WguBlenev UL gnfl)
e ufliCeuFuilwey giemm,
Clgsitens S gIaus sogn,
Qsirensy - 500003,

SpTLEE penLClupis @tb:  Clesitenss SIS &g wHEYL
Brgles anpd sivs Qung wmSgianoener,
Qs&%jmsm - 800008,
Quwr /euwg : Gsd:
Lneo : ynCrawned] stevor :
TMLEA Caidens et :
Dbs QImisferu upPlu efleurmissT sigen Crrésiuasgnd (WWeLUTSaD
Qg rafleuraajin elenss UL g).

Sipenen Lfg Qarain@ pren s sbug s O eilsECpen. senis, Dyl
uAGergenen g Clanser sbLogib.

Ssiewi Birsly Cemi sev_uiule  Quemsaie angrml®  &rod
GopuUIQWL wrell ediergn ssitp BBs s rnusdulon cleuriisst Gameo Sseuesy
grenen Qlupms OlamesoBi_si. '

Bbs aymisdules Apflss Hiunslsn) s Qenmss e muusSen Guileuzsmein
ki CupdGpe LHE Bre BEs prmuFddedmig) OB Wlsramiseoms
SEMUMBIILE, Hipare) s AfEmss@ ans LTHiLL opuLEg sremuang LD Liisg
ClaremGLsit. Cugd Bger epewd aig Sleneslansmayih SUGITEI 61601 LogEBEIeul ppevts
ApfbgQansinG asgionw sufmmasr ohpb W ssidas Bis
wEEgIe prmisuded siamananuis Coiggd Qansrer mrer Fbwd adCpen.

SYImisfwnenii ensGlwniiub wiGaHureni snsClumiiub

Gzd) :




	01 INTRODUCTION
	02 REVIEW OF LITERATURE
	03 AIM AND OBJECTIVE
	04 MATERIALS AND METHODOLOGY
	05 STATISTICAL ANALYSIS
	06 DISCUSSION
	07 SUMMARY and Conclusion
	08 LIMITATIONS OF THE STUDY
	09 ScopeE for Further Study
	10 Bibliography
	Annexure.pdf
	01 Approval
	02 Consent Form
	03 Tamil

	Plagiarisim.pdf
	Page 1
	Page 2

	Hypothesis.pdf
	Page 1
	Page 2
	Page 3

	Annexure.pdf
	01 Approval
	02 Consent Form
	03 Tamil




