University of Kerbala

A study of fertility hormones in women with

recurrent miscarriages in Kerbala city

A Thesis
Submitted to the College of Education for Pure

Sciences/University of Kerbala, as part of the requirements for

obtaining a Master's Degree in Chemistry

By
Aseel Ehsan Mahmoud

Supervisors

Assist. Prof Obstetrics and Gynecologist

Dr . Rehab Jasim Mohammed Dr . Hameedah Hadi AbdulWahid

Ph. D. in Biochemistry Board in Obstetrics and
Gynecology

2022 A.D 1444 AH



a3 ad 5 Al aluy

m “Jdaﬁu.au.\ubuJ))
(($e o &L

(38 A1) o)) yee 15y gu



Certification

( Aseel Ehsan Mahmoud ) at the University of Karbala/Iraq' College of
Jcation for Pure Sciences' Chemistry Department, in partial requirements



Committee Certification

We attest that we have read the following thesis ( A study of fertility

Jormones in women with recurrent miscarriages in Kerbala city) and as
the student was scrutinized by the examining committee (Aseel Ehsan )
Mahmoud) that it is appropriate in terms of substance and in our judgment "

as a thesis for the degree of Master of Chemistry

Signature: (Chairman)% il




Dedication

To my father who taught me everything and expected
nothing in return, to my mother who taught me the meaning
of sacrifice and devotion, for my beautiful sisters she helps

me when i need it, to my husband for his support,
encouragement and love, to my pride and joy my children
(Joud & Naz), and to everyone who supported me, even

with a smile.



Acknowledgments

It is nice to thank everyone who supported me and stood by me in
my difficult times. I'm happy to express my great gratitude to my
esteemed supervisor Dr . Rehab Jasim Mohammed to Providing
advice and continuous support and | would also my great
appreciation and pride to Dr . Hameedah Hadi AbdelWahid, for
helping me work and collecting samples. In addition, | would like
to extend my sincere thanks and appreciation to the Deanship of
the College of Education for pure sciences and the Presidency of
the Chemistry Department for their assistance throughout the study
period. | would also like to thank everyone who supported me at
the Obstetrics and Gynecology Teaching Hospital in Karbala in
collected the study samples, and my great thanks first and foremost
to the women who participated in the study and allowed me to
obtain the necessary information. Finally, | would like to thank

everyone who helped and supported me to complete this work.



Summary

Summary

This study was designed to investigate the relation between recurrent
miscarriages and fertility hormones with the presence of some major causes
of miscarriage such as polycystic ovary syndrome, obesity and maternal age.
The study included 90 women, aged between (15-45 )years, divided into 50
patients women with polycystic ovary syndrome and suffering from recurrent
miscarriage and 40 women as a healthy control group. The samples were
taken from the Gynecological and Obstetric Teaching Hospital in Kerbala and
from the gynecological outpatient clinics during the period from 1/10/2021
(October) to 9/29/2022 (September), where the fertility hormones were
measured, FSH ,LH, ESTROGEN, prolactin, progesterone and testosterone
were measured by ELISA technology and using the CL-900i device from
mindray Company in China, and measurement of the hormones INHIBIN B
and ACTIVIN A by ELISA technology is from BioTek in USA. The results
of the statistical analysis found that there was a significant difference in
ACTIVIN A,INHIBIN B,FSH,LH, ESTROGEN, prolactin, progesterone and
testosterone in patients women compared to the control group, A decrease in
the level of the hormones INHIBIN B and ACTIVIN A in serum of patients
women with polycystic ovary syndrome in all age groups from (15-45 )years
compared to the control group, and an increase in the level of FSH, LH,
ESTROGEN, prolactin, progesterone and testosterone in patients women for
age (15-29 )years compared to the control group, while we noticed a decrease
in the level of some hormones in older women from (30-45) years, such as
FSH, progesterone and testosterone compared to the healthy control group,
and show that women who suffer from recurrent miscarriage due to polycystic
ovary syndrome had a higher body mass index (BMI) with a percentage of
39%, compared to overweight women with a percentage of 34%, and women

of normal weight with a percentage of 27%. The results of the study also



Summary

showed a difference in the levels of fertility hormones concentration with the
duration of miscarriage, the number of recurrent miscarriages and the date of

the last miscarriage in patients women with PCOS.
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Chapter one: Introduction and Literature review

1. INTRODUCTION AND LITERATURE REVIEW

1.1 Recurrent Miscarriages

The expression miscarriage refers to the loss of a pregnancy before
the embryo reaches viability. As a result, the term encompasses all
miscarriages from conception until 24 weeks of pregnancy. Recurrent
miscarriage, It is described as the loss of two or more consecutive
pregnancies, impacts 1% of couples trying to become pregnant. 1-2% of
patients of first- and second-trimester pregnancies miscarry before the
24-week stage . Infertility and miscarriage are two types of
reproductive failure they have almost the same reasons, according to
experts. Polycystic ovary syndrome disease, uterine septum, and uterine
fibroid are just a few of the diseases, which are related to both infertility
and miscarriage. Patients who have had a recurrent miscarriage have a
higher likelihood of infertility .

1.1.1 Causes of Recurrent Miscarriages

There are many causes of recurrent miscarriages:

1. Itis a genetic defect in one or both couples that accounts for (3-5%)
of the reasons of recurrent miscarriage ©.

2. Hormonal reasons: A less of progesterone secretion is one of the most
common causes of recurrent miscarriage, accounting for 10-15% of the
causes. Only in these conditions , such as cases of diabetes out of control
by drugs, well-known stabilizing methods such pills, suppositories,
progesterone injections, or hormones produced by the pituitary gland are
all possible. Diabetes, whether managed by insulin injections raises the
risk of miscarriage and congenital malformations in the embryo, as well
as ovarian syndrome, which is accompanied by an increase in the LH

hormone, which relates to infertility and recurrent miscarriages, and
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ovulation disorders, which result in eggs that are immature, malformed,
or incompatible with the uterine lining ®.

3. An abnormality in the uterus's anatomy: Genetic defects like the uterine
septum can be the source of 10-15% of the causes of recurrent
miscarriage. It may be discovered with a vaginal ultrasound and is
responsible for 70% of the causes of anatomical malformations. The
uterine septum, which changes the uterus's shape, is the root of this
problem. Furthermore, there aren't enough capillaries there to maintain
the pregnancy . The disease is usually treated by surgery ©.

4. Immunity related causes : The mother's body must respond in order to
accept this foreign part without attacking or rejecting the unborn child
because it occurs in 3-4% of cases. The immune system in the woman's
body plays a role in stopping this interaction with so inhibition of
antibodies, and the growing embryo is taken into account whether this
system has any deficiencies. Regular miscarriages are a problem that
many women face ©.

5. Bacterial or viral infections: Miscarriage can occur as a result of any
serious infection, whether bacterial or viral, such as Toxoplasmosis or

German measles (.

1.1.2 Symptoms of Recurrent Miscarriages

The symptoms and indicators of spontaneous miscarriage differ
depending on the type. Miscarriage may be asymptomatic or result in the
return of natural pregnancy symptoms and signs. Miscarriage whether
threatening or no are linked to abdominal-pelvic cramps, vaginal
bleeding, fever, secretions of cervical or vaginal, tachycardia, and
hypotension. It is a good idea to try to gauge the volume of bleeding
because more than typical menses can suggest a miscarriage. Patients

with significant bleeding may develop symptoms and signs of a
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miscarriage, the gestational age and position of the pregnancy should be
assessed using the beginning day of the last menstrual cycle and findings
from any previous ultrasounds. Finally, a pelvic exam is crucial in

determining the cause of a possible miscarriage ©.

1.1.3 Risk Factor of Recurrent Miscarriages

It is difficult to determine the cause of recurrent miscarriage; it
Is a very stressful situation for both partners and doctors. Pregnancy loss
IS @ common occurrence, pregnancy losses in the first trimester are more
common than in the second trimester. Early pregnancy loss can be caused
by a variety of conditions, including advanced mother age, advanced
father age, smoking, and alcohol intake. Immunological and genetic
alterations were among the other factors. In both the affected couple and
the embryo, genetic alterations are commonly described as chromosomal
abnormalities. In order to rule out chromosomal translocations, a genetic
test is performed for the husband, as well as maternal testing for thyroid
problems (endocrine) and anti-phospholipid antibodies (autoimmune),
endometrial or uterine cancer ©. Recurrent miscarriage is a complex
disorder that involves relationships between female and male, and
cumulative (placental / fetus) risk factors in pregnancy development and

continuation systems ¢9),

The most common reason of recurrent miscarriages is
embryonic chromosomal abnormalities, which are linked to women's age
when they delay childbearing until their late 30 year or early 40 year.
Although maternal age is a risk factor for recurrent miscarriage, other
variables are more important, because the likelihood of an early
pregnancy loss due to severe chromosomal alterations decreases as the
number of miscarriages. There is a two to triple rise in the rate of
spontaneous abortion in women over 40 year who attempt pregnancy , it

3
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also increase the risk of genetic abnormalities V. Obesity is now
recognized as a risk factor for miscarriage on its own. Obesity before
pregnancy has a significant impact on the rate of pregnancy and abortion
(12) " A uterus with an abnormal anatomical structure is a risk factor for
spontaneous abortion. The uterine septum and uterine fibro may alter the
uterus cavity's natural anatomy and local environment, leading to
complications. Increased blood flow resistance, decreased embryo
implantation area and endometrial blood flow as a result, embryo
implantation, growth, and embryo development are affected the disease
is a kind of endometriosis is a risk of complications of pregnancy and
childbirth, as it causes inflammations in the body, damage to the structure
of the uterus, in addition to some hormonal effects, and all of this causes
miscarriage. Some research has also suggested patients with polycystic
ovary syndrome (PCOS) have a greater chance of spontaneous abortion
(13), As a result, abortion is not just a health issue that costs society a lot
of money because it causes so many difficulties, but it is also a social
issue in the community. Because it, in the end puts people's health in a
danger 9. The findings of numerous investigations There is a variety of
abortion-related issues that can arise women's personal lives, and they
came to the conclusion that six weeks following an abortion, do women's
feelings change, and pregnancy termination, both of which have an
impact on women psychologically Feelings of emptiness and remorse,
Moreover, women who have a spontaneous Abortion carries a double risk
of severe depression. In most cases, this begins within the first week after
an abortion. It is more severe in women @, Because recurrent
miscarriage is typically thought of as a feminine disease, women who
suffer from it face greater familial and societal issues than males.
Recurrent miscarriage can lead to psychological suffering, family threats,

remarriage, separation, and divorce 9,

4
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1.2 The Main Causes of Recurrent Miscarriage

1.2.1 Polycystic Ovary Syndrome

PCOS (polycystic ovary syndrome) is a prevalent endocrine
condition that affects women of reproductive age ¢ ®. The prevalence
of PCOS in women of reproductive age ranges from 5% to 18%,
according to a systematic review and meta-analysis 9. High levels of
androgens (hyperandrogenism), ovarian dysfunction, and polycystic
ovaries are all symptoms of PCOS @9, This multi-factorial condition first
manifests throughout puberty @Y. Women with PCOS are at risk for
fertility issues (menstrual cycle disorders, failure to ovulate, late
menopause, endometrial cancer, and infertility), metabolic issues (insulin
resistance, diabetes type 2, hypertension, and cardiovascular diseases),
physical issues (central obesity, acne, hair loss, and baldness), and
psychological issues (depression, stress and anxiety) 2. Menstrual
dysfunction and clinical or laboratory high androgen level are the two
main components for diagnosing this condition, and these elements are
employed in clinical diagnosis ?®. Most PCOS individuals only have
one or two clinical symptoms. Menstrual disorders are the most prevalent
clinical finding, which generally begin at or shortly after menarche and
can show as hypo menorrhea, amenorrhea, or poly menorrhea, until the

menstrual cycle is regular @9,

The research suggests that this syndrome is a state that showed in
adolescents because of inherited ovarian dysfunction to androgen
secretion that is excessive, and there is evidence that PCOS has a
hereditary foundation. When the embryo existence and physiologically
ovary stimulation by the hypothalamus-pituitary axis during the birth
period and at the start of adolescence . Changes in the concentrations

of luteinizing hormone (LH), ESTROGEN, prolactin, and serum

5
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androgens such as testosterone are often linked with PCOS. Many
women with PCOS have an elevated LH/FSH ratio, according to
hormonal measurements ©®. A number of organizations has published
diagnostic criteria for this condition. The National Institute of Health The
National Institutes of Health (NIH) developed the NIH criteria. The
American Society of Reproductive Medicine (ASRM) has issued a
statement. The Rotterdam criteria have been developed, as well as the
Androgen criteria Society for Excess and Polycystic Ovary Syndrome ¢":
28).

The polycystic ovary is bigger, has more follicles, and has a
particularly thick core tissue where testosterone produced, compared to
the normal ovary. The normal ovary has five follicles on average and is
around the size of a walnut. The polycystic ovary has 10 or more follicles,
which are usually tiny follicles measuring two to ten mm in diameter.
Polycystic ovarian cysts are normally the size of a hen's egg, but they can
also reach the size of an orange. The increased size of the polycystic
ovary is primarily due to an increase in tissue, rather than, as one might
assume, because of increased ovarian size of the cysts or additional
follicles, the follicles are usually too tiny to make a significant

contribution to the size of the ovary @9,
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Figure 1.1 Female reproductive system, the uterus and ovaries
scheme, PCOS @0,

1.2.1.1 Types of PCOS
PCOS can be divided into four types based on a variety of factors:-

1. PCOS (insulin-resistant polycystic ovary syndrome).

2. Adrenal PCOS is a kind of PCOS that affects the adrenal glands.

3. Thyroid dysfunction in polycystic ovarian syndrome patients.

4. PCOS that is inflammatory.
1. Insulin resistance is defined as a high amount of insulin hormone:
Metabolic syndrome is sometimes known as pre-diabetes. Measuring the
hormone insulin is the best approach to check for insulin resistance.
Insulin resistance and compensatory high level of insulin affects between
65 and 70 percent of female with polycystic ovary syndrome @b,
2. Adrenal PCOS is a kind of PCOS that affects the adrenal glands:
Adrenal androgen excess in PCOS may result from adrenal hyperplasia,

adrenal androgen-producing cancer, Cushing's syndrome, or genetic
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adrenal androgen production ©2. About a quarter of all circulating
testosterone is produced in the adrenal cortex. Excess adrenal androgen
in  PCOS could indicate hypothalamic-pituitary dysfunction,
adrenocortical abnormalities, or cortisol metabolic abnormalities in
PCOS hepatic tissue 3,

3. Thyroid dysfunction in polycystic ovarian syndrome patients: As
shown in figure, In primary hypothyroidism, elevated (TRH) hormone
causes elevated prolactin and thyroid stimulating hormone (TSH).
Increased TSH inhibits ovulation as a result of a change in the ratio of
follicle stimulating hormone (FSH) and luteinizing hormone, which has
effect on FSH receptors and leads to polycystic ovarian shape.
Hypothyroidism has also been linked to increased collagen deposition in

the ovaries %,

Decreases frequency of GnRH
Increased FSH relative to LH
Follicular cyst

Increased PRL

Increases adrenal DHEA

Follicular maturation arrest

Primary Hypothyroidism

Increases TRH

Spill over effect on FSH receptors

Increased TSH

?Collagen deposit in ovaries

Figure 1.2 Primary hypothyroidism in patients with polycystic
ovary syndrome: Pathophysiology ©.

4. PCOS that is inflammatory: Chronic inflammation caused by
chlamydial infections can result in disease processes that lead to

metabolic and hormonal problems, resulting in PCOS ©9),
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1.2.2 Obesity effect

One of the biggest risk factors for reproductive outcomes is pre-
conception weight, and it is widely known that weight loss enhances
fertility in overweight and obese women ©7:38), Clinically obese women
have a body mass index of greater than 30 kg/m? ®%. Women who are
overweight or obese experience natural menstrual cycle disturbances at
about three times the rate of women who are healthy weight. In women
who are overweight or obese, there is also a link between their pre-
conception Mass index and the time it takes to fall pregnant ©“9, Obese
women may find it difficult to conceive since they are overweight prior
to conception. As a result, many women seek help from healthcare
specialists. Many overweight women who are having difficulty
conceiving have co-morbidities such as polycystic ovarian syndrome
(PCOS), which can complicate fertility due to insulin resistance, sex-
steroid metabolism, and menstrual cycles. PCOS is thought to affect 75
percent of infertile overweight or obese women ©1, Although assisted
reproductive technology, such as in vitro fertilization, can help these
women and other infertile couples become pregnant, it is not a foolproof

method “2,

1.2.3 Maternal age

It is commonly understood that female fertility reduces with age,
resulting in an increase in miscarriage. Recurrent miscarriages share risk
factors with a variety of other reproductive problems. According to
studies, maternal age is positively related to the number of miscarriages
in women who have them often 3. It has a role in predicting the risk of
a miscarriage “Y. The pregnancy rate of women with recurrent
miscarriages in vitro fertilization (IVF) therapy decreased as their

maternal age increased “®. The number and quality of remnant oocytes
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decrease as maternal age increases “®). Previous pregnancy history is an
important predictor of future pregnancy outcome. After each pregnancy
loss the probability of another miscarriage rises reaching around 40%
after three consecutive pregnancy losses and the prognosis worsens as the
mother's age rises “”. At increasing maternal age, the probability of
miscarriage due to chromosomal abnormalities of the embryo increases.
It's important to note, that as the miscarriages rises, so does the risk of

pregnancy loss “,

1.3 Fertility hormones

The menstrual cycle is a natural phenomenon that marks the years
of fertility in women's life. It is a sign of reproduction and menstruation,
as well as a signal of Women's health is important. The majority of
women at this point are in pain. Due to hormonal fluctuations, you may
experience a variety of symptoms “®. Hormonal changes related with
menstruation problems, such as low and high hormone concentrations,
have significant consequences on the body ©%. The ovaries secrete
estrogen, progesterone, and the gonadotropins follicle-stimulating
hormone (FSH) and luteinizing hormone (LH) after a girl reaches
reproductive age. The buildup and breakdown of these hormones are
determined by their rise and fall. During the menstrual cycle, the interior
layer of the uterus sheds, as well as the growth and development of the
uterus the laying of an egg Pregnancy is made possible by this mechanism
®1), From a biological viewpoint, the best age for women to have children
is between the ages of 18 and 30 ©2. Female fertility begins to drop after
the age of 30, with lower pregnancy rates per cycle and eventual
infertility ©.

10
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1.3.1 Luteinizing hormone (LH)

Luteinizing hormone (LH) is an important gonadotropin in the
reproductive system's control. LH enhances progesterone secretion in the
luteal phase and started oocyte maturation by stimulating the generation
of sex steroids 4. LH is produced in the anterior pituitary gland, and its
receptor is found in the gonads, where it performs these reproductive
tasks ®®. LH is a pituitary hormone that stimulates the corpus lutein and
causes ovulation. During the second half of the cycle, the ovary secretes
progesterone and estrogen cycle of menstruation ©9). The release of the
hormones LH and FSH, which usually starts towards the start of the
cycle, promotes a rise in estradiol (E2) production from the ovaries
between days 8 and 12 of the cycle (before ovulation). Around day 14,
there is an increase in progesterone, and around day 18, there is a surge
in estrogen (after ovulation). When a woman uses hormonal
contraception. Progestin inhibits FSH release early in the cycle,
preventing the onset of menopause. E2 increases naturally, causing a

surge in LH and so preventing ovulation ©7,

In women, LH helps FSH stimulate follicles and it also has a
significant impact on ovulation and sperm production the ovum's release,
This is accomplished by a significant increase in LH caused by the
positive feedback activity of increasing estrogen on the pituitary gland,
which is responsible for the completion of meiosis in the main oocyte,
follicular rupture wall, followed by ovulation 9 hours later LH levels at
their highest point. LH promotes progesterone secretion in the
postovulatory phase, which then forms maintains the ovarian follicles.
The ovarian follicles is a tiny yellowish hormone secreting structure that
is created from the remains of the ovary. The follicle once housed the

growing follicle ovum. It works by releasing tremendous amounts of

11
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energy estrogen, progesterone, and tiny quantities of progesterone which
are necessary for the installation and preparation for the purpose of

pregnancy ©®,

Low levels of human LH and FSH may be an indication of pituitary
failure, but gonadal failure may be indicated by elevated levels of LH and
FSH, as well as lower levels of gonadal steroids (menopause , ovary
removal , premature ovarian syndrome) ©%. LH is a hormone with a
molecular weight of 28,500 Dalton ©9. It is a heterodimer made up of
two subunits and one LH-specific component ©Y, There are 92 amino
acids in the subunit o, with 5 disulfide bridges as well as an N-linked
carbohydrate site 2. LH has 121 amino acids, six disulfide bridges, and

two N-linked carbohydrate sites in its subunit p ¢,

Figure 1.3 Luteinizing hormone Structure ®%,

1.3. 2 Follicle stimulating hormone (FSH)

FSH is a type of gonadotropin that is released by the anterior
pituitary's basophilic cells and plays a key role in gonadal hormone
synthesis and reproductive process regulation ©%. Gonadotropin
releasing hormone is produced largely from hypothalamic neurons and
reaches the anterior pituitary, where it is coupled with Gonadotropin

releasing hormone  receptor to regulate FSH secretion in the

12
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hypothalamus-pituitary-gonadal (HPG) axis ©®.The ovarian follicle-
stimulating hormone (FSH) increases the formation and development of
ovarian follicles, where ova or egg cells develop and the ovaries secrete
estrogen. The best predictor of FSH-based ovarian reserve is maximum
FSH 67,

The most frequent reason of increased serum FSH levels in
women is menopause. gonad normal limiting feedback results in elevated
levels of follicle stimulating hormone, which causes uncontrolled
pituitary FSH production. If there are continuing elevated FSH levels
during the reproductive years, this is abnormal. High FSH levels have
been associated with several conditions, including early menopause (also
known as premature ovarian failure), insufficient ovarian reserve (also
known as premature ovarian aging), gonadal digenesis, and some types

of congenital adrenal hyperplasia (CAH) ©9,

Follicle stimulating hormone promotes follicular development,
follicular cell proliferation, androgen aromatization to estrogens, as well
as LH receptor expression. LH is also required for follicle development,
especially in the late stages . FSH travels through the bloodstream to
the gonads, where it stimulates follicle formation in females and
spermatogenesis in males. FSH has an evident effect on the physiology
of both sexes' reproductive systems (9. FSH is made up of two subunits:
alpha (which other glycoprotein hormones share) and subunit beta (it
only applies to FSH) (. Follicle-stimulating hormone's molecular
structure FSH has a molecular weight of 35 k Dalton and is made up of

92 and 111 amino acid subunits 2,

13
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Figure 1.4 Follicle stimulating hormone structure .

In females, FSH is required for estradiol production, as well as
growth and maturation Humans, for example, are mono-ovulatory. FSH
promotes the stimulation, development, selection, and maturity of
follicles, resulting in the production of only one kind of egg. During the
moment of ovulation, one mature oocyte 4 The average human
menstrual cycle lasts between 21 and 28 days. It is broken down into three
sections. The follicular or proliferative phase is the first of the three
phases (™. Second ovulation, and then third the luteal or secretory phase
(7). The follicular phase lasts until ovulation and begins on the first day
of menses. This phase lasts 7-17 days and is marked by a drop in body
temperature and more crucially, the completion of the dominant follicle's
development. Due to the expansion of the dominant follicle, hormonal
changes such as increased release of estradiol and INHBB occur during
this period 7,

FSH levels rise and fall as a result of this. When the follicular
wall ruptures and the cumulus-oocyte complex is freed, ovulation occurs
('8, The residual tissue complex is converted into the luteal phase, a solid

tissue mass. The sex steroid progesterone is synthesized and released

14
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largely by the luteal phase ™. The luteal phase is the final stage of the
menstrual cycle, and in this stage that the secretion of progesterone and
estradiol rises and falls significantly. Regression of the luteal phase is
linked to a decrease in hormone output. At the so-called luteal-follicular

transition, the concentration of FSH begins to grow in late luteal phase
(80)

1.3.3 Estrogen

Estrogen along with progesterone are the major hormones
released by the ovaries @Y. Estrogen regulates physiological and
pathological processes in the reproductive, cardiovascular, skeletal,
endocrine, neurological, and immunological systems in both women and
men, mediating a variety of effects across the body. As a result, it is
involved in a variety of disorders, including different malignancie
infertility, endometriosis, polycystic ovary syndrome ®2, The main
effects of estrogen are the promotion of female secondary sex
characteristics and the preparation of the uterus for ovulation and
conception, It also has vascular benefits, such as increasing blood flow
and forming new blood vessels, as well as endometrial and breast growth-
promoting properties ©®), The liver is the primary site of estrogen
metabolic breakdown, and it slowly absorbs estrogens over time,
transforming them to a soluble form that may be expelled in the bile €4,

Most portions of the female reproductive system change when
estrogen levels drop and menopause approaches, which usually occurs at
the age of fifty ®. Estrogens are traditionally thought of as feminine
hormones, yet their importance in male reproduction cannot be
overstated, as evidenced by current research &), Furthermore, estrogen
receptors have been identified in males from infancy to adulthood ®®),

The pituitary is stimulated by the high estrogen level to create high levels
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of LH and FSH all of a sudden. The oocyte undergoes final maturational

modifications because of the LH surge, which leads to ovulation €9,

CH, OH

HO

Figure 1.5 Estrogen hormone structure ©9,

1.3. 4 Progesterone

The hormone progesterone is a steroid hormone. This sex
hormone is required for a successful pregnancy. The chemical signal
employed by the ovary to change the endometrial lining of the uterus into
a highly secretory tissue that can maintain the fertilized egg is
progesterone, which is released by cells of the luteal phase in a non-
pregnant woman ©3. Progesterone is produced in the ovaries, adrenal
glands, and the placenta during pregnancy. It is also kept in the adipose
tissue. When it comes to women, during the pre - ovulatory phase of the
menstrual cycle, progesterone levels are low. After ovulation, they rise
and remain elevated during the luteal phase. Before ovulation,
progesterone levels are normally less than 2ng/ml, and after ovulation,

they are greater than 5ng/ml, about 7 days before menstruation ©2).

The oocytes is released from the follicle, surrounded by cumulus
cells during ovulation. After ovulation, the luteal phase begins and lasts
14 days in most women with little variance, a luteal phase is formed

when the remaining follicular cells in the ovary are luteinized and
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generate progesterone. LH secretion is still continuing on, activity
ensures a steady supply of progesterone, which keeps the endometrium
in good shape, pregnant woman's preparation, during the luteal phase of
the cycle, progesterone levels are at their greatest. The high levels of
progesterone also restrict FSH and LH secretion to the point where no

more is produced ovarian follicular growth during that cycle ©3.

Progesterone is necessary before and during pregnancy because
it helps to maintains the endometrium and so the remain pregnancy
%) Women's endogenous sex hormones (estrogen and progesterone)
fluctuate in a cyclic pattern from menstruation to menopause, resulting in
the physiological process known as the menstrual cycle. This cycle is
highly influenced by a pituitary feedback system the hypothalamus and
hormones. The hormones estrogen and progesterone are principally
responsible for the menstrual. Various parts of the menstrual cycle are
regulated, with the postmenstrual phase being the most important. The
menstrual cycle is estrogen-dependent, while the premenstrual phase is

progesterone-dependent %)

PROGESTEROHI

Figure 1.6 Progesterone hormone structure ©9),

1.3. 5 Prolactin

17



Chapter one: Introduction and Literature review

Prolactin (PRL) is a protein produced by the PRL gene in humans
©7, The pituitary, myometrium, breast, lymphocytes, leucocytes, and
prostate all make prolactin in humans ©®, Endocrine cells of the
hypothalamus regulate pituitary prolactin secretion, the most significant
of which are the central nervous system, which produce dopamine
(prolactin inhibitory hormone) to function as a regulator ©%. Prolactin
induces the mammary glands to make milk (lactation); high levels of
prolactin in the blood during pregnancy lead the mammary glands to
expand and prepare for milk production. When progesterone levels fall
by the end of pregnancy and a suckling trigger is present, milk production
begins. Prolactin levels also differ depending on factors such as age,
gender, menstrual cycle stage, and pregnancy. Before a prolactin value
may be accurately interpreted, the circumstances surrounding the test
(assay, patient state, etc.) must be considered %), Hyperprolactinemia is
a hormonal imbalance that affects women of reproductive age. It is very
common in women who are experiencing reproductive or menstrual
problems %, Hypogonadism in women that have hyperprolactinemia is
thought to be caused by high circulating levels of prolactin interfering
with gonadotropin action at the ovarian level, as well as reduced gonadal
steroid secretion, which affects positive feedback effects at the ovarian
level. Levels of the hypothalamus and pituitary Infertility result from a
lack of gonadotropin (FSH and LH) 192,

Prolactin hormone has a molecular weight of 23.000 Dalton and
is made up of 199 amino acids %, It is involved in reproduction, calcium
metabolism and behavior, among other things @%. PRL has
predominantly been discovered as a primary lactation-stimulating agent
in the postpartum phase. However, aside from its historical significance,
other hormones are affected by this hormone's actions. Characteristics of
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homeostasis in humans, such as osmoregulation and metabolism and
immunological and endocrine systems %), The most common signs and
symptoms of a chronic increase in prolactin levels in the blood include
Breast pathology, sexual dysfunction, and reproductive dysfunction,
anomalies linked to behavioral and emotional changes, immunologic

issues and depression (199,

Prolactin

H,CO

H,CO

Figure 1.7 Prolactin hormone structure @7,

1.3. 6 Testosterone

Although testosterone is commonly associated with men, women
in the ovaries and adrenal glands also generate it. Women may have
symptoms of what is now known as androgen deficiency when
testosterone levels fall with age and menopause. Some experts call it
"androgen insufficiency syndrome,"” and it includes the typical symptoms
of menopause %) Thirty to fifty percent of androgen production takes
place in peripheral tissues like muscle, bone, and fat 1%, Reduced libido
and other menopause-related symptoms may occur in women who are
experiencing a testosterone deficiency as a result of natural or surgically
induced menopause 19, In both males and females, testosterone plays an

important role in health and well-being V. Testosterone like other
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steroid hormones, is made from cholesterol. Around half of the
testosterone hormone in circulation in normal women comes from
peripheral conversion to a hormone 2. Testosterone is made up of
17beta-hydroxy (9,

In women, testosterone has a biological role in follicular atresia
and it is present in the lowest concentration in the early stages. The luteal
phase of the cycle begins with the follicular phase and progresses to the
mid-cycle peak. Concentrations are higher in the late follicular phase than
they are in the early follicular phase !4, The main aberrant hormonal
aspect of polycystic ovary syndrome is excessive ovarian androgen
production %%, Testosterone has various functions as a hormone, such as
secondary sexual characteristics; nevertheless, due of its effects on
metabolic pathways, it has an impact on the cardiovascular,
neuromuscular, and central neurological systems (1), The testes in men
and the ovaries in women are the primary producers of testosterone.

Men's testosterone levels are typically 7-8 times higher than women's
(117)

Luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) are anterior pituitary hormones that play a part in the complex
control of testosterone synthesis and release ¥, Obesity has been
related to altered levels of reproductive hormones, such as the sex
hormone testosterone, in both men and women, resulting in infertility
(119) The level of testosterone hormone in females is usually low, and this
amount is mostly from the process of converting endogenous weak
androgen steroid hormone, which is produced by the ovary, and adrenalin
to testosterone, and getting this transfiguration outside the ovarian tissue,
and notes that the male hormone in females has two images: a small part
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of it is free, the active part of this hormone, and the largest part is found

in combination with the compound, the inactive part of this hormone 29,

Testosterone

Figure 1.8 Testosterone hormone structure 2,

1.3.7 INHIBIN B

The gonads secrete two essential hormones that are associated
with FSH and LH. INHBB and Testosterone, to be precise. It is a
glycoprotein hormone with one a-subunit and [ -subunit. It has a
molecular weight of 32 k Dalton. In most cases, unbound subunits have
no physiological impact. INHBB is a gonadal dimer polypeptide
hormone that regulates the synthesis and secretion of follicle stimulating
hormone (FSH) in a negative feedback loop. Its bioactivity is thus
dependent on the creation of a dimer structure. A hormone regulates the
hypothalamic-pituitary-gonadal axis. Throughout pubertal development
and childhood @22, INHBB levels are a better indicator of infertility result
of recurrent miscarriages than FSH and LH. It is concentrations in
infertile patients may provide significant information on spermatogenesis
and may act as a more direct spermatogenesis measure than FSH (23,
INHBB serves a physiological role in reproductive endocrinology

applications in both men and females, according to decades of research.
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In a woman, it is regarded as a more advanced marker. As it is closely
related to the number of ovarian follicles, it is sensitive for ovarian

follicle number 129,

INHBB has a direct negative feedback effect on the pituitary gland
when levels are high in the blood, resulting in a reduction in FSH. As a
result, a higher level of serum INHBB in reproductive-age women is one
of the key determinants in maintaining a low serum FSH level. However,
as they become older, the quality and quantity of their ovarian follicles
decline, the level of serum INHBB declines gradually, and the inhibitory
impact on FSH is diminished, which is one of the major causes for their
serum FSH levels steadily rising 25129 _|ts levels are typically at their
maximum during the follicular phase of the menstrual cycle and lowest
during the luteal phase, as evidenced by recent research in normal
ovulatory women, and its concentration rises during the luteal follicular
transition. The mid-follicular phase is when INHBB levels are highest,

while the late follicular phase is when they are lowest 27,

When women experience weight gain, anorexia nervosa, and an
increase in adipose tissue their INHBB levels rise 2%, Researchers
gradually understood the role of INHBB in female fertility after years of
research. Previous research revealed that INHBB could be used to
monitor ovarian aging, diagnose premature ovarian failure (POF) or
premature ovarian insufficiency (POI), assess ovarian function in cancer
survivors, discovered that a decrease in INHBB was the earliest sign of

follicle number loss as women aged (29,
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Figure 1.9 INHIBIN B hormone structure (30,

1.3.8 ACTIVIN A

They are gonadal proteins that stimulate the production and
release of pituitary follicle-stimulating hormone (FSH) @3V, It is
discovered to be beneficial in a number of studies, not just in the ovaries
and testes, but also in other parts of the body 2. The placenta is the
primary source of ACTIVIN A in the maternal circulation throughout
pregnancy 33 ACTIVIN A levels in the mother's blood from
approximately mid-pregnancy until near to term, there is an increase 34,
Falling fast after born 3, Placental malfunction, as shown by
intrauterine fetal development limitation, complicates pregnancies @,
ACTIVIN A levels in the mother's blood are much greater than in a
normal pregnancy. While higher placental production is assumed to be
the source of these elevated ACTIVIN A levels in the blood @7, The use
of ACTIVIN A as a predictor of pregnancy failure has sparked
considerable controversy among researchers, with some claiming that
ACTIVIN A readings can identify pregnant women at danger of a missed

abortion 3 In Preeclampsia, the level of serum ACTIVIN A rises 39,
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Due to unknown dates of last menstrual period or irregular cycles, clinical
differential diagnosis with ultrasonography at 6-8 weeks of pregnancy is
extremely difficult. The amount of ACTIVIN A stimulatory action is

stronger throughout the same time span 149,

Figure 1.10 ACTIVIN A hormone structure 49,

ACTIVIN A is a 25 K Dalton homo-dimer that has been
connected to a variety of biological processes, including mesoderm,
neural cell, red blood cell, and follicular cell development as well as FSH
release 42, Normal bone marrow cells, as well as a variety of myeloid
cell lines, produce ACTIVIN A 43 ACTIVIN A signaling is involved
in another of biological processes, such as muscle balance, inflammation,

and wound healing @44,
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Estrogen

Progesteron Pituitary
estosterone

Activin
+ BMP

- Fs

Figure 1.11 Hypothalamus-Pituitary-Gonads axis 4%,
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1.4 Aims of this study
The following aims will be provided by this study:

1. A study of the levels of a group of hormones in women who suffer
from recurrent miscarriage to be used in predicting miscarriage.

2. To better understand what causes of recurrent miscarriages.

3. Finding the relationship between PCOS and the accompanying
imbalance in the levels of some hormones and the occurrence of
recurrent miscarriage.

4. Measuring the levels of the hormones INHIBIN B and ACTIVIN A,
that is, as new variables, and the extent to which the levels of these
variables differ with what is found in healthy women compared to
women who suffer from recurrent miscarriage, and their adoption as

indicators of miscarriage.
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2- Materials and Methods
2.1 Subjects and study design

A case-control study has been conducted at Gynecological and
Obstetric Teaching Hospital in Kerbala city and the outpatient clinics for
women. All samples were collected from October 2021 until September
2022. The study was conducted on 90 Iragi women (non-pregnant)
women's their age ranged (15-45) years within reproductive age. Groupl
consisted of 40 women who had at least one child and had no miscarriage,
They were free from signs and symptoms of diseases, their ages were
matched with the age of recurrent miscarriage women. Group 2 of 50
women who had at least two recurrent miscarriages and who had
polycystic ovary syndrome. Women who received a medical examination
and a short questionnaire that asked about the woman's age, weight,
height, number of miscarriages, duration of miscarriage, date of last
miscarriage, number of births, regular or irregular of menses, addition to
other diseases such as(diabetes mellitus, hypertension, heart disease,
kidney disease, ectopic pregnancy, thyroid gland disease, smoking,

drugs). All information from women was listed in table (2.1).
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Table 2.1 Questionnaire of this study

Patient profile Control profile
Age Age

Date Date

Address Address

Weight Weight

Length Length

No. of births No. of births

No. of day of menstrual cycle No. of day of menstrual cycle
Regular or irregular menses Regular or irregular menses
No. of miscarriages Other disease
Duration of miscarriage Diabetes mellitus
Date of last miscarriage Hypertension

Other disease Heart disease
Diabetes mellitus Kidney disease
Hypertension Ectopic pregnancy
Heart disease Thyroid gland disease
kidney disease Smoking

Ectopic pregnancy Drugs

Thyroid gland disease

Smoking

Drugs

2.2 Groups of this study

In two study groups, this was confirmed:

1. Controls group (healthy): The healthy group include 40 non- pregnant
women who were able to have children, their ages range between (15-45)
years.

2. Patients group: The group consists of 50 non-pregnant women
suffering from recurrent miscarriage because of PCOS, their ages range
between (15-45) years.

All of the female gave verbal informed permission, and Kerbala

University approved the research procedure.
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2.3 Collection Blood Samples

The Blood samples were collection from non- pregnant women
(Gynecological and Obstetric Teaching Hospital and outpatient clinics)
in order to do hormones testing ( LH, FSH, prolactin, progesterone,
testosterone, ESTROGEN, INHIBIN B, ACTIVIN A). A 5 ml medical
syringe was used to draw 5 ml of blood, which was then put into gelatine
tubes (also known as gel tubes) devoid of anti-clotting substances since
they contain a gelatinous ingredient that helps in the separation of serum
following centrifugation. The samples were left to stand at room
temperature for 15 minutes before being centrifuged for 10 minutes at a
speed of 2500 rounds per minute to separate the serum, which was kept

at -20° C unless it was needed right away.

2.4 Exclusion criteria

Women suffering from diabetes mellitus, hypertension, heart
disease, kidney disease, thyroid gland diseases, ectopic pregnancy, other

than PCOS, obesity effect and maternal age.

2.5 The chemicals

The chemicals used in this study are described in table (2.2).

Table 2.2 The chemicals

Chemicals Company and Origin
LH ELISA Kit China
FSH ELISA Kit China
Estrogens ELISA Kit China
Progesterone ELISA Kit China
Prolactin ELISA Kit China
Testosterone ELISA Kit China
INHIBIN B ELISA Kit USA
ACTIVIN A ELISA Kit USA
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2.6 Instrument analysis and equipment

Equipment and instruments that are used in the this study are shown
in table (2.3).

Table 2.3 Instrument analysis and equipment

Instruments Supplied Company
CL-900i Mindray-China
Absorbance ELISA microplate reader BioTek-USA
ELISA microplate washer BioTek-USA
Centrifuge Heraeus-Germany
Refrigerator Kiriazi-Egypt
Gelatin tubes (Jell tube) Germany
Eppendorf tips 5ml China

2.7 Measurement of body mass index (BMI)

Body mass index were calculated from the following equation (149,
BMI = Weight (Kg) / Height (m?)

They were classified into three groups:

1. The BMI of normal weight range is (18.5-24.9) Kg/m?

2. The BMI of overweight range is (25-29.9) Kg/m?

3. The BMI of obese is > 30 Kg/m?

2.8 Fertility hormones tests

2.8.1 Measuring serum LH levels of hormone

LH levels were measured in blood serum using the CL-900i device
by Mindray Company in China with the use of a ready-made test Kkit,
following the instructions provided with the Kkit.

Principle of a test
LH assay is a sandwich chemiluminescence immunoassay. The

sample (or calibrator/control, if applicable), magnetic microbeads coated
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with anti-LH monoclonal antibody, ABEI labelled with another
monoclonal antibody are mixed thoroughly and incubated at 37° C,
forming sandwich complexes. After precipitation in a magnetic field, the
supernatant is decanted and then perform a wash cycle. Subsequently, the
starter 1+2 are added to initiate a chemiluminescent reaction. The light
signal is measured by a photomultiplier within 3 seconds as relative light
units (RLUs), which is proportional to the concentration of LH present in

the sample (or calibrator/control, if applicable).

Procedure

1. The micro plate wells were formatted for each serum reference, control
and patient specimen to be assayed in duplicate.

2. A volume of 50 ul of appropriate serum reference, control or specimen
was pipetted into the assigned well.

3. A volume of 100 pl of LH-enzyme reagent was added to all wells.

4. The micro plate was gently swirled for 20-30 seconds to mix and cover.
5. The plate was incubated for 60 minutes at room temperature.

6. The contents of the micro plate were discarded by decantation or
aspiration, if decanting, blot the plate dry with absorbent paper.

7. The plate was washed three times with 300 ul of the wash buffer.

8. A volume of 100 ul of working substrate solution was added to all
wells, reagents were always added in the same order to minimize reaction
time differences between wells, the plate wasn’t shacked after substrate
addition.

9. The plate was incubated at room temperature for 15 minutes. A volume
of 10-50 pl of stop solution was added to each well and was gently mixed
for 15-20 seconds.
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10. The absorbance was read in each well at 450 nm in a micro plate
reader. The results should be read within 30 minutes of adding the stop

solution.

Calculations
The standard curve of LH determination was plotted in Figure (2.2) and

the LH level in each sample was determined.

3.0

Absorbance (450 nm)

0.0 T T T T
0 50 100 150 200

Luteinizing Hormone (miU/ml)

Figure 2.2 Standard curve of determination of LH concentration.

2.8.2 Measuring serum FSH levels of hormone
FSH levels were measured in blood serum using the CL-900i
device by Mindray Company in China with the use of a ready-made test

kit, following the instructions provided with the Kit.

Principle of a test

FSH assay is a sandwich chemiluminescence immunoassay. The
sample (or calibrator/control, if applicable), magnetic microbeads coated
with anti-FSH monoclonal antibody, ABEI labelled with another
monoclonal antibody are mixed thoroughly and incubated at 37° C,
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forming sandwich complexes. After precipitation in a magnetic field, the
supernatant is decanted and then perform a wash cycle. Subsequently, the
starter 1+2 are added to initiate a chemiluminescent reaction. The light
signal is measured by a photomultiplier within 3 seconds as relative light
units (RLUSs), which is proportional to the concentration of FSH present
in the sample (or calibrator/control, if

applicable).

Procedure

1. The micro plate wells were formatted for each serum reference,
control and patient specimen to be assayed in duplicate.

2. A volume of 50 ul of appropriate serum reference, control or specimen
was pipetted into the assigned well.

3. A volume of 100 pl of FSH-enzyme reagent was added to all wells.

4. The micro plate was gently swirled for 20-30 seconds to mix and cover.
5. The plate was incubated for 60 minutes at room temperature.

6. The contents of the micro plate were discarded by decantation or
aspiration, if decanting, blot the plate dry with absorbent paper.

7. The plate was washed three times with 300 ul of the wash buffer.

8. A volume of 100 pl of working substrate solution was added to all
wells, reagents were always added in the same order to minimize reaction
time differences between wells, the plate wasn’t shacked after substrate
addition.

9. The plate was incubated at room temperature for 15 minutes. A volume
of 10-50 pl of stop solution was added to each well and was gently mixed
for 15-20 seconds.

10. The absorbance was read in each well at 450 nm in a micro plate
reader. The results should be read within 30 minutes of adding the stop

solution.
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Calculations
The standard curve of FSH determination was plotted in Figure (2.3) and

the FSH level in each sample was determined.
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Figure 2.3 Standard curve of determination of FSH concentration.

2.8.3 Measuring serum ESTROGEN levels of hormone
ESTROGEN levels were measured in blood serum using the CL-
900i device by Mindray Company in China with the use of a ready-made

test kit, following the instructions provided with the Kit.

Principle of a test

ESTROGEN assay is a sandwich chemiluminescence
immunoassay. The sample (or calibrator/control, if applicable), magnetic
microbeads coated with anti-ESTROGEN monoclonal antibody, ABEI
labelled with another monoclonal antibody are mixed thoroughly and
incubated at 37° C, forming sandwich complexes. After precipitation in
a magnetic field, the supernatant is decanted and then perform a wash

cycle. Subsequently, the starter 1+2 are added to initiate a
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chemiluminescent reaction. The light signal is measured by a
photomultiplier within 3 seconds as relative light units (RLUs), which is
proportional to the concentration of ESTROGEN present in the sample

(or calibrator/control, if applicable).

Procedure

1. The micro plate wells were formatted for each serum reference, control
and patient specimen to be assayed in duplicate.

2. A volume of 50 pl of appropriate serum reference, control or specimen
was pipetted into the assigned well.

3. A volume of 100 pl of ESTROGEN-enzyme reagent was added to all
wells.

4. The micro plate was gently swirled for 20-30 seconds to mix and
cover.

5. The plate was incubated for 60 minutes at room temperature.

6. The contents of the micro plate were discarded by decantation or
aspiration, if decanting, blot the plate dry with absorbent paper.

7. The plate was washed three times with 300 ul of the wash buffer.

8. A volume of 100 pl of working substrate solution was added to all
wells, reagents were always added in the same order to minimize reaction
time differences between wells, the plate wasn’t shacked after substrate
addition.

9. The plate was incubated at room temperature for 15 minutes. A volume
of 10-50 pl of stop solution was added to each well and was gently mixed
for 15-20 seconds.

10. The absorbance was read in each well at 450 nm in a micro plate
reader. The results should be read within 30 minutes of adding the stop

solution.

Calculations

35



Chapter two: Materials and methods

The standard curve of ESTROGEN determination was plotted in Figure
(2.4) and the ESTROGEN level in each sample was determined.
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Figure 2.4 Standard curve of determination of ESTROGEN

concentration.

2.8.4 Measuring serum progesterone levels of hormone
Progesterone levels were measured in blood serum using the CL-
900i device by Mindray Company in China with the use of a ready-made

test kit, following the instructions provided with the Kit.

Principle of a test

Progesterone assay is a sandwich chemiluminescence
immunoassay. The sample (or calibrator/control, if applicable), magnetic
microbeads coated with anti-progesterone monoclonal antibody, ABEI
labelled with another monoclonal antibody are mixed thoroughly and
incubated at 37° C, forming sandwich complexes. After precipitation in
a magnetic field, the supernatant is decanted and then perform a wash
cycle. Subsequently, the starter 1+2 are added to initiate a

chemiluminescent reaction. The light signal is measured by a
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photomultiplier within 3 seconds as relative light units (RLUSs), which is
proportional to the concentration of progesterone present in the sample

(or calibrator/control, if applicable).

Procedure

1. The micro plate wells were formatted for each serum reference, control
and patient specimen to be assayed in duplicate.

2. A volume of 50 pul of appropriate serum reference, control or specimen
was pipetted into the assigned well.

3. A volume of 100 pl of progesterone-enzyme reagent was added to all
wells.

4. The micro plate was gently swirled for 20-30 seconds to mix and
cover.

5. The plate was incubated for 60 minutes at room temperature.

6. The contents of the micro plate were discarded by decantation or
aspiration, if decanting, blot the plate dry with absorbent paper.

7. The plate was washed three times with 300 ul of the wash buffer.

8. A volume of 100 pl of working substrate solution was added to all
wells, reagents were always added in the same order to minimize reaction
time differences between wells, the plate wasn’t shacked after substrate
addition.

9. The plate was incubated at room temperature for 15 minutes. A volume
of 10-50 pl of stop solution was added to each well and was gently mixed
for 15-20 seconds.

10. The absorbance was read in each well at 450 nm in a micro plate
reader. The results should be read within 30 minutes of adding the stop

solution.

Calculations
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The standard curve of progesterone determination was plotted in Figure

(2.5) and the progesterone level in each sample was determined.
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Figure 2.5 Standard curve of determination of progesterone

concentration.

2.8.5 Measuring serum prolactin levels of hormone
Prolactin levels were measured in blood serum using the CL-900i
device by Mindray Company in China with the use of a ready-made test

kit, following the instructions provided with the kit.

Principle of a test

Prolactin assay is a sandwich chemiluminescence immunoassay.
The sample (or calibrator/control, if applicable), magnetic microbeads
coated with anti-PRL monoclonal antibody, ABEI labelled with another
monoclonal antibody are mixed thoroughly and incubated at 37° C,
forming sandwich complexes. After precipitation in a magnetic field, the
supernatant is decanted and then perform a wash cycle. Subsequently, the
starter 1+2 are added to initiate a chemiluminescent reaction. The light

signal is measured by a photomultiplier within 3 seconds as relative light
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units (RLUSs), which is proportional to the concentration of prolactin

present in the sample (or calibrator/control, if applicable).
Procedure

1. The micro plate wells were formatted for each serum reference, control
and patient specimen to be assayed in duplicate.

2. A volume of 50 pul of appropriate serum reference, control or specimen
was pipetted into the assigned well.

3. Avolume of 100 ul of prolactin-enzyme reagent was added to all wells.
4. The micro plate was gently swirled for 20-30 seconds to mix and cover.
5. The plate was incubated for 60 minutes at room temperature.

6. The contents of the micro plate were discarded by decantation or
aspiration, if decanting, blot the plate dry with absorbent paper.

7. The plate was washed three times with 300 ul of the wash buffer.

8. A volume of 100 ul of working substrate solution was added to all
wells, reagents were always added in the same order to minimize reaction
time differences between wells, the plate wasn’t shacked after substrate
addition.

9. The plate was incubated at room temperature for 15 minutes. A volume
of 10-50 pl of stop solution was added to each well and was gently mixed
for 15-2 seconds.

10. The absorbance was read in each well at 450 nm in a micro plate
reader. The results should be read within 30 minutes of adding the stop

solution.

Calculations
The standard curve of prolactin determination was plotted in Figure (2.6)

and the prolactin level in each sample was determined.
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Figure 2.6 Standard curve of determination of prolactin

concentration.

2.8.6 Measuring serum testosterone levels of hormone
Testosterone levels were measured in blood serum using the CL-
900i device by Mindray Company in China with the use of a ready-made

test kit, following the instructions provided with the Kit.

Principle of a test

Testosterone assay is a sandwich chemiluminescence
immunoassay. The sample (or calibrator/control, if applicable), magnetic
microbeads coated with anti-testosterone monoclonal antibody, ABEI
labelled with another monoclonal antibody are mixed thoroughly and
incubated at 37° C, forming sandwich complexes. After precipitation in
a magnetic field, the supernatant is decanted and then perform a wash
cycle. Subsequently, the starter 1+2 are added to initiate a
chemiluminescent reaction. The light signal is measured by a
photomultiplier within 3 seconds as relative light units (RLUS), which is
proportional to the concentration of testosterone present in the sample (or

calibrator/control, if applicable).

40



Chapter two: Materials and methods

Procedure

1. The micro plate wells were formatted for each serum reference, control
and patient specimen to be assayed in duplicate.

2. A volume of 50 ul of appropriate serum reference, control or specimen
was pipetted into the assigned well.

3. A volume of 100 pl of testosterone-enzyme reagent was added to all
wells.

4. The micro plate was gently swirled for 20-30 seconds to mix and
cover.

5. The plate was incubated for 60 minutes at room temperature.

6. The contents of the micro plate were discarded by decantation or
aspiration, if decanting, blot the plate dry with absorbent paper.

7. The plate was washed three times with 300 ul of the wash buffer.

8. A volume of 100 pl of working substrate solution was added to all
wells, reagents were always added in the same order to minimize reaction
time differences between wells, the plate wasn’t shacked after substrate
addition.

9. The plate was incubated at room temperature for 15 minutes. A volume
of 10-50 pl of stop solution was added to each well and was gently
mixed for 15-20 seconds.

10. The absorbance was read in each well at 450 nm in a micro plate
reader. The results should be read within 30 minutes of adding the stop

solution.

Calculations

The standard curve of Testosterone determination was plotted in Figure

(2.7) and the testosterone level in each sample was determined.
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Figure 2.7 Standard curve of determination of testosterone

concentration.

2.8.7 Measuring serum INHIBIN B levels of hormone
INHIBIN B level was determined by the method of the kit of
RayBio® USA with the use of a ready-made test kit, following the

instructions provided with the kit.

Principle of a test

The RayBio® INHIBIN B enzyme immunoassay (EIA) kit is an in
vitro quantitative assay for detecting INHIBIN B peptide based on the
principle of competitive enzyme immunoassay. The micro plate in the kit
pre-coated with anti-INHIBIN B secondary antibody. After a blocking
step and incubation of the plate with anti-INHIBIN B antibody, both
biotinylated INHIBIN B peptide and peptide standard or targeted peptide
in samples interacts competitively with the INHIBIN B antibody.
Uncompleted (bound) biotinylated INHIBIN B peptide then interacts
with streptavidin-horseradish peroxidase (SA-HRP), which stimulate a
colour development reaction. The intensity of colorimetric signal is

directly proportional to the amount of biotinylated peptide (SA-HRP)
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complex and inversely proportional to the amount of INHIBIN B peptide
in the standard or samples. This is due to the competitive binding to
INHIBIN B antibody between biotinylated INHIBIN B peptide and

peptide in standard or samples.

Prepare the Reagent

1. Kit reagents were kept on ice during reagent preparation steps.
Equilibrate plate to room temperature before opening the sealed pouch.
2. Diluent B (Item E) was diluted 5-fold with deionized or distilled water.
3. The anti-INHIBIN B antibody vial (Item N) was briefly centrifuged
before use, a volume of 50 pl of 1X of diluent B was added into the vial
to prepare a detection antibody concentrate . Solution was pipette up and
down to mix gently.

4. The antibody concentrate was the diluted 100-fold with 1X of diluent
B. This is anti-INHIBIN B antibody working solution, which will be
used in step 2 of the assay procedure.

5. The vial of INHIBIN B (Item F) was briefly centrifuged before use, 5
ul was add to 5 ml of the appropriate assay diluent. Solution was pipette
up and down to mix gently. The final concentration of INHIBIN B will
be 100pg/ml. This solution will only be used as the diluent in step 6 of
reagent preparation.

6. Preparation of standards: 6 micro-tubes were classified with the
following concentrations:10000pg/ml, 1000pg/ml, 100pg/ml, 10pg/ml,
1pg/ml and Opg/ml. 450 pl of INHIBIN B solution was pipette into each
tube, except for the 10000pg/ml (leave this one empty). It is very
important to make sure the concentration of INHIBIN B is 100pg/ml in
all standards.

a. The vial of INHIBIN B (Item C) was briefly centrifuged, in the tube
classified 10000pg/ml, a volume of 8 ul of item C was pipette and 792 pl
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of 100pg/ml INHIBIN B solution (prepared in step 5). This is INHIBIN
B stock solution (10000pg/ml INHIBIN B, 100pg/ml INHIBIN B ), and
it mixed thoroughly this solution serves as the first standard.

b. To make 1000pg/ml standard, 50 ul of INHIBIN B stock solution was
pipette the tube classified 1000pg/ml, and it mix thoroughly.

c. This step was repeat with each successive concentration preparing a
dilution series as shown in the illustration below. Each time volume 450
ul of INHIBIN B and 50 ul of the prior concentration were used until
1pg/ml is reached. And it mix each tube thoroughly before the next
transfer.

d. The final tube (Opg/ml INHIBIN B, 100pg/ml INHIBIN B) serves as
the zero standard (or total binding).

7. Volume of 10-fold dilution of (Item F) was prepared to do this 2 pl of
Item F was added to 18 pl of the appropriate diluent. This solution will
be used in steps 8 and 10.

8. Positive control preparation : the positive control vial (Item M) to the
tube of the item M was briefly centrifuged, a volume of 101 ul 1X of
diluent B was added. Also 2 ul of 10-fold diluted item F ( prepared in
step 7) was added to the tube. This is a 2-fold dilution of the positive
control. It was mix thoroughly.

9. If (Item B) 20X wash concentrate contains visible crystals, it was warm
to room temperature and it mixed gently until dissolved. A volume of 20
ml of wash buffer concentrate was diluted into deionized or distilled
water to yield 400 ml of 1X wash buffer.

10. Sample preparation: diluent A+ INHIBIN B were used to dilute
serum/plasma samples. For cell culture medium and other sample types,
1X of diluent B+ INHIBIN B were used as the diluent. It is very
important to make sure the final concentration of the INHIBIN B is
100pg/ml in every sample.
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11. HRP-Streptavidin vial (Item G) was briefly centrifuged before use.
The HRP-Streptavidin concentrate was diluted 400-fold with 1X of
diluent B.

Procedure

1. Kit of reagents were keep on ice during preparation steps. It is
recommended that all standards and samples be run at least in duplicate.
2. A volume of 100 pl anti-INHIBIN B antibody (see reagent preparation
step 4) was added to each well. Incubate for 1.5 hours at room
temperature with gentle shaking (1-2 cycles/sec). It may also incubate
overnight at 4 degrees C.

3. Solution was discard and it was washed wells 4 times with 1x wash
buffer (200-300 ul each), washing may be done with a multichannel
pipette or an automated plate washer. It was complete removal of liquid
at each step is essential to good performance. After the last wash, remove
any remaining wash buffer by aspirating or decanting. Invert the plate
and blot it against clean paper towels.

4. A volume of 100 pl was added of each standard (see reagent
preparation step 6), positive control (see reagent preparation step 8) and
sample (see reagent preparation step 10) into appropriate wells. Be sure
to include a blank well (diluent only). Cover wells and it was incubated
for 2.5 hours at room temperature with gentle shaking (1-2 cycles/sec) or
overnight at C°.

5. Solution discard and it washed 4 times as directed in step 3

6. A volume of 100 ul of prepared HRP-Streptavidin solution (see reagent
preparation step 11) was added to each well. It was incubated for 45
minutes with gentle shaking at room temperature. It is recommended that
incubation time should not be shorter or longer than 45 minutes.

7. Solution was discard wash 4 times as directed in step 3.

45



Chapter two: Materials and methods

8. A volume of 100 pul of TMP was added one step substrate reagent (Item
H) to each well. It was incubated for 30 minutes at room temperature in
the dark with gentle shaking (1-2 cycles/sec).

9. A volume of 50 pl of stop solution (Item I) was added to each well.

Read absorbance at 450 nm immediately.

Calculations

The standard curve of INHIBIN B determination was plotted in Figure
(2.8) and the INHIBIN B level in each sample was determined. (B/Bo)
was calculated from the following:

OD: Optical Density.

Percentage absorbance = (B blank OD) / ( Bo-blank OD) where

B : OD of sample or standard and

Bo : OD of zero standard (total binding).
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Figure 2.8 Standard curve of determination of INHIBIN B

concentration.

2.8.8 Measuring serum ACTIVIN A levels of hormone
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ACTIVIN A level was determined by the method of the kit of
RayBio® USA with the use of a ready-made test kit, following the
instructions provided with the Kit.

Principle of a test

The RayBio® human ACTIVIN A ELISA (Enzyme-Linked
Immunosorbent Assay) kit is an vitro enzyme-linked immunosorbent
assay for the quantitative measurement of human ACTIVIN A in serum,
plasma and urine. This assay employs an antibody specific for human
ACTIVIN A coated on a 96-well plate. Standards and samples are
pipetted into the well and ACTIVIN A present in a sample is bound to
the well by the immobilized antibody. Wells are washed and biotinylated
antibody, HRP-conjugated streptavidin is pipetted to the wells. Wells are
again washed, a TMB substrate solution is added to the wells and colour
develops in proportion to the amount of ACTIVIN A bound. The stop
solution changes the colour from blue to yellow, and the intensity of the

colour is measured at 450 nm.

Prepare the Reagent

1. All reagents and samples were brought to room temperature (18-25°
C) before use.

2. Sample dilution: if the samples need to be diluted, diluted A (Item D)
was used for dilution of serum / plasma samples. 1X diluent B (Item E)
was used for dilution of cell culture.

3. Preparation of standard: the vial of (Item C) was briefly spinned and
then it was added 400 pl of diluent A in to (Item C) vial to prepare a
50ng/ml standard. The powder was dissolve thoroughly by a gentle mix.
VVolume of 50 pul ACTIVIN A standard (50ng/ml) from the vial of (Item
C), was added into a tube with 450 ul of diluent A to prepare a 5000pg/ml

standard solution. Volume of 300 ul of diluent A was pipetted into each
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tube, the 5000pg/ml standard solution was used to produce a dilution
series. It was mixed each tube thoroughly before the next transfer.

4. If the wash concentrate 20X (Item B) contains visible crystals, it was
warm to room temperature and mixed until dissolved. Volume of 20 ml
of wash buffer concentrate was diluted into deionized or distilled water
to yield 400 ml of 1X wash buffer.

5. Detection antibody vial (Item F) was briefly spinned before use.
Volume of 100 pl of 1X of diluent B was added into the vial to prepare
a detection antibody concentrate. It pipetted up and down to mixed it
gently (the concentrate can be stored at 4 C° for 5 days). The detection
antibody concentrate was diluted 80-fold with 1X of diluent B.

6. HRP-Streptavidin concentrate vial (Item G) was briefly spinned the
and it was pipetted up and down to mix it gently before use. HRP-

Streptavidin concentrate was diluted 200-fold with 1X of diluent B.

Procedure

1. All reagents and samples were brought to room temperature (18-25°
C) before use. It is recommended that all standards and samples to be run
at least in duplicate.

2. A volume of 100 pl of each standard (see reagent preparation step 2)
and samples were added into appropriate wells. Wells were covered and
incubate it for 2.5 hours at room temperature or overnight at room
temperature or overnight at 4 C° with gentle shaking.

3. Solution was discarded and wash it for 4 times with 1X wash solution,
each well was washed by filling wash by filling with wash buffer (300
ul) using a multi-channel pipette or auto-washer. Complete removal of

liquid at each step is essential to good performance. After the last wash,
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remove any remaining wash buffer by aspirating or decanting. Invert the
plate and blot it against clean paper towels.

4. A volume 100 pl of 1X prepared biotinylated antibody (see reagent
preparation step 6) was added to each well. It was incubated for 1 hour at
room temperature with gentle shaking.

5. Solution was discarded. The wash was repeated as in step 3.

6. A volume of 100 pl of prepared streptavidin solution was added to each
well. And incubate it for 45 minutes at room temperature with gentle
shaking.

7. The solution was discarded, the wash was repeated as in step 3. 8.
A volume of 100 ul of TMB one-step substrate reagent (Iltem H) was
added to each well. And it was incubate for 30 minutes at room
temperature in the dark with gentle shaking.

9. A volume of 50 pl of stop solution (Item I) was added to each well.

Absorbance was read at 450 nm immediately.

Calculations
The standard curve of ACTIVIN A determination was plotted in Figure
(2.9) and the ACTIVIN A level in each sample was determined. The OD

is optical density.
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Figure 2.9 Standard curve of determination of ACTIVIN A

concentration.
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Chapter three: The Results

3. The Results
3.1 Biochemical parameters levels for patients women and

control group

The study included 90 women in reproductive age, they were
classified into two groups from (15-45) years old. In this research the
relations of fertility hormones and recurrent miscarriages of 50 women
suffering from recurrent miscarriages without risk factors diabetes
mellitus, hypertension, heart disease, kidney disease, ectopic pregnancy,

smoking and drugs and 40 women apparently healthy as a control group.

3.1.1 Comparison of groups' biochemical parameters

Independent T-test statistics were used for variables to compare
between studies groups, and the results were expressed by meant
standard deviation (SD) and extraction P-value to show the difference
variation . Comparing the serum of fertility hormones levels of INHIBIN
B, ACTIVIN A, LH, FSH, prolactin, progesterone, ESTROGEN and
testosterone between recurrent miscarriages and healthy subjects: the
estimation of fertility hormones concentrations indicated INHIBIN B
levels were significantly decreased (P=0.01) of patients, ACTIVIN A
levels were significantly decreased (P=0.05)in patients when compared
with control group, FSH level was insignificantly increased (P=0.02), LH
level was insignificantly increased (P=0.01), prolactin level was
significantly increased (P=0.05) of patients, progesterone level was
insignificantly increased (P=0.05) in patients women when compared
with control group, ESTROGEN level was significantly increased
(P=0.01) of patients, testosterone level was insignificantly increased
(P=0.01) of patients, as seen in the table(3.1).
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Study the differences in the biomarkers level based on the

age and BMI groups
The measurement of age level significantly increased of patients
women, the BMI level almost equal (P=0.01) in patients women

compared to the control group, as seen in the table (3.1).
Table 3.1: The concentration of ACTIVIN A, INHIBIN B, LH, FSH,

ESTROGEN, progesterone, prolactin and testosterone of patients and control

group.
parameters subject Meanz SD P value
Age (Years) Control 64.32 +12.38
0.05
patients 67.16 + 12.64
BMI (kg/m?) Control 25.70 + 4.85
0.01
patients 25.94 + 4.60
INHIBIN B (pg/ml) Control 133.64 +10.00
0.01
patients 115.56 +10.93
ACTIVIN A (pg/ml) Control 262.52 + 8.54
0.05
patients 240.57 +10.60
FSH (mlU/ml) Control 6.14 +1.64
0.02
patients 7.01+1.98
LH (mlU/ml) Control 5.71 +1.85
0.01
patients 7.52+2.12
Prolactin(mlU/ml ) Control 12.02 + 6.58
0.05
patients 15.02 + 8.62
Progesterone(ng/ml) Control 0.53+0.17
0.05
patients 0.54+0.18
Estrogens (pg/ml) Control 37.92 +13.45
0.01
patients 51.82+ 18.15
Testosterone(ng/ml) Control 0.60 £0.20
0.01
patients 1.25+0.90
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BMI: Body Mass Index ; FSH: Follicle stimulating hormone ; LH: Luteinizing
hormone ; SD: Standard deviation ; P-value: Probability level of statistical ; N.S:

t-test p- value > 0.05; No. of patients group=50; No. of control group=40
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Figure (3.1) : Correlation coefficient between INHIBIN B concentration with ACTIVIN A

concentration in patients women with recurrent miscarriages (r = 0.22) .
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Figure (3.2) : Correlation coefficient between testosterone concentration with ACTIVIN

A concentration in patients women with recurrent miscarriages (r = 0.3).
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Figure (3.3) : Correlation coefficient between ESTROGEN concentration with ACTIVIN

A concentration in patients women with recurrent miscarriages (r = 0.026).
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Figure (3.4) : Correlation coefficient between progesterone concentration with ACTIVIN

A concentration in patients women with recurrent miscarriages (r = 0.28).
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3.1.2 Comparison in fertility hormones levels between

groups for age (15-29) years

Independent T-test statistics were used for variables to compare
between studies groups, and the results were expressed by meant
standard deviation (SD) and the P-value to show the difference variation.
Comparing the serum of fertility hormones levels of INHIBIN B,
ACTIVIN A, LH, FSH, prolactin, progesterone, ESTROGEN and
testosterone between recurrent miscarriages and healthy subjects for age
(15-29) years. The estimation of fertility hormones concentration
indicated INHIBIN B and ACTIVIN A levels were significantly
decreased (P=0.01) of patients, FSH and LH insignificantly increased
(P=0.01) of patients, prolactin level was insignificantly increased
(P=0.04), progesterone level was insignificantly increased (P=0.02),
ESTROGEN level was significantly increased (P=0.01), testosterone
level was insignificantly increased (P=0.05) in patients compared to the

control group, as seen in the table (3.2).

Study the differences in the biomarkers level based on the

age and BMI groups

The measurement of age level was insignificantly increased , and
the levels of body mass index (BMI) of the patients women showed a
insignificantly decreased (P=0.01) compared to the control group, as seen
in the table (3.2).
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Table 3.2: The concentration of ACTIVIN A, INHIBIN B, LH, FSH,
ESTROGEN, progesterone, prolactin and testosterone of patients and control

group for age (15-29) years.

parameters subject Meanz SD P Value
Age (Years) Control (15-29) 60.95+ 12.61
Patients (15-29) 61.95 +10.76 o
BMI (kg/m?) Control (15-29) 24.51 +4.80
Patients (15-29) |  23.65 % 3.99 o
INHIBIN B (pg/ml) | Control (15-29) | 135.87 +6.69
Patients (15-29) | 117.00 +9.93 0.01
ACTIVIN A (pg/ml) | Control (15-29) | 259.60 + 8.42
Patients (15-29) | 240.55 + 15.46 0.01
FSH (mlU/ml) Control (15-29) 5.24 + 1.47
Patients (15-29) 7.67 +1.89 oo
LH (mlU/ml) Control (15-29) 5.58 +2.20
Patients (15-29) 7.39+2.21 0.01
Prolactin (mlU/ml) Control (15-29) 12.17 + 4.36
Patients (15-29) 16.40 + 8.86 oo
Progesterone(ng/ml) Control (15-29) 0.45+0.14
Patients (15-29) 0.57 £0.19 oo
Estrogens (pg/ml) Control (15-29) 37.77 +16.54
Patients (15-29) 54.02 + 16.80 .
Testosterone (ng/ml) | Control(15- 29) 0.57 £0.20
Patients (15-29) |  0.63+0.57 o

BMI: Body Mass Index ; FSH: Follicle stimulating hormone ; LH: Luteinizing
hormone ; SD: Standard deviation ; P-value: Probability level of statistical ; N.S:

t-test p- value > 0.05; No. of patients group=50; No. of control group=40
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Figure (3.5) : Correlation coefficient between prolactin concentration with ACTIVIN A

concentration in patients women with recurrent miscarriages (r = 0.26).
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Figure (3.6) : Correlation coefficient between FSH concentration with ACTIVIN A

concentration in patients women with recurrent miscarriages (r = 0.13).
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Figure (3.7) : Correlation coefficient between LH concentration with ACTIVIN A

concentration in patients women with recurrent miscarriages (r = 0.16).
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Figure (3.8) : Correlation coefficient between testosterone concentration with INHIBIN B

concentration in patients women with recurrent miscarriages (r = 0.041).
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3.1.3 Comparison in fertility hormones levels between

groups for age (30-45) years

Independent T-test statistics were used for variables to compare
between studies groups, and the results were expressed by meant
standard deviation (SD) and extraction P-value to show the difference
variation . Comparing the serum of fertility hormones levels of INHIBIN
B, ACTIVIN A, LH, FSH, prolactin, progesterone, ESTROGEN and
testosterone between recurrent miscarriages and healthy subjects for age
(30-45) years. The measurement of fertility hormones concentrations
indicated INHIBIN B and ACTIVIN A levels were significantly
decreased (P=0.01) of patients, FSH was insignificantly decreased
(P=0.01), LH level was insignificantly increased (P=0.01), prolactin level
was insignificantly increased (P=0.05) in patients when compared with
control group, progesterone was significantly decreased (P=0.03),
ESTROGEN level was significantly increased (P=0.04), testosterone
level was significantly decreased (P=0.05) in patients compared to the

control group, as seen in the table (3.3).

Study the differences in the biomarkers level based on the

age and BMI groups

The measurement of age level significantly increased (P=0.03) in
patients, and the levels of body mass index (BMI) of patients women
showed a insignificantly increased (P=0.01) in patients compared to the

control group, as seen in the table (3.3).
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Table 3.3: The concentration of ACTIVIN A, INHIBIN B, LH, FSH,
ESTROGEN, progesterone, prolactin and testosterone of patients and control

group for age (30-45) years.

parameters subject Meanz SD P Value
Age (Years) Control (30-45) 68.44 £ 11.06
0.03
Patients (30-45) 76.05 +9.83
BMI (kg/m?) Control (30-45) 27.15+ 4.63
0.01
Patients (30-45) 29.36 £3.13
INHIBIN B (pg/ml) | Control (30-45) 130.92 +£12.65
Patients (30-45) 113.39 +£12.22 0.01
ACTIVIN A (pg/ml) | Control (30-45) 266.09 + 7.42
Patients (30-45) 240.62 +£13.6 0.01
FSH (mlU/ml) Control (30-45) 7.24 +£1.08
0.01
Patients (30-45) 6.03+1.72
LH (mlU/ml) Control (30-45) 5.87 £1.36
Patients (30-45) 7.70+ 2.02 0.01
Prolactin (mlU/ml) Control (30-45) 11.84 +£8.71
0.05
Patients (30-45) 13.61 +8.18
Progesterone(ng/ml) Control (30-45) 0.63+0.17
0.03
Patients (30-45) 0.51+0.16
Estrogens (pg/ml) Control (30-45) 38.10+8.77
0.04
Patients (30-45) 48.52 +19.99
Testosterone (ng/ml) Control (30-45) 0.62+0.20
0.05
Patients (30-45) 0.60 + 0.56

BMI: Body Mass Index ; FSH: Follicle stimulating hormone ; LH: Luteinizing

hormone ; SD: Standard deviation ; P-value: Probability level of statistical ; N.S:

t-test p- value > 0.05; No. of patients group=50; No. of control group=40
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Figure (3.9) : Correlation coefficient between ESTROGEN concentration with INHIBIN B

concentration in patients women with recurrent miscarriages (r = 0.41).
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Figure (3.10) : Correlation coefficient between progesterone concentration with INHIBIN

B concentration in patients women with recurrent miscarriages ( r = 0.064).
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Figure (3.11) : Correlation coefficient between prolactin concentration with INHIBIN B

concentration in patients women with recurrent miscarriages (r = 0.39) .
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Figure (3.12) : Correlation coefficient between FSH concentration with INHIBIN B

concentration in patients women with recurrent miscarriages (r = 0.11).
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Figure (3.13) : Correlation coefficient between LH concentration with INHIBIN B

concentration in patients women with recurrent miscarriages (r = 0.301).

3.2 The effect of Body Mass Index (BMI) and biochemical

parameters levels of patients women

Pie charts were used to describe the proportion of patients for each
body mass index as normal weight 18.5-24.9 kg/m? has lowest
percentage obtain 27% of patient groups , over weight (pre obesity) 25-
29.9 kg/m2 was 34% of patients and obesity over 30 kg/m?2 obtain higher
percentage 39% of patients groups that’s mean most of patient PCOS

have high BMI, as shown in figure (3.14).
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Normal weight 18.5-24.9 m Over weight 25-29.9 Obese > 30

%27

Figure (3.14) : BMI proportion in patients groups.

3.2.1 The effects of the BMI on the levels of ACTIVIN A and

INHIBIN B concentration in patients and control group
The study found that the levels of ACTIVIN A and INHIBIN B

concentration in control group were the highest in Body Mass Index

(BMI), whether the women were of normal weight, over weight and

obese when compared with patients women, as shown in figure (3.15) ,

(3.16).
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Figure (3.15) : Levels of BMI with ACTIVIN A concentration in patients and

control group.
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Figure (3.16) : Levels of BMI with INHIBIN B concentration in patients and

control group.

3.2.2 The effects of the BMI on the levels of testosterone and

progesterone concentration in patients and control group

The study found that the levels of testosterone and progesterone
concentration in patients were the highest in Body Mass Index (BMI) of
normal weight from control group when compared with the women of
pre obesity(over weight) and obese, the level of BMI of control group
in over weight and obese higher than patients women, as shown in figure
(3.17),(3.18).
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Figure (3.17) : Levels of BMI with testosterone concentration in patients and
control group.
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Figure (3.18) : Levels of BMI with progesterone concentration in patients and

control group.

3.2.3 The effects of the BMI on the levels of ESTROGEN and

prolactin concentration in patients and control group

The study found that the levels of ESTROGEN and prolactin
concentration in patients were the highest in BMI normal and overweight
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when compared with the obese women, the control group in obese was
the higher BMI from than patients when compared with the BMI of
normal and overweight women, as shown in figure (3.19),(3.20).
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Figure (3.19) : Levels of BMI with ESTROGEN concentration in patients and

control group.

18
16
14
12
10

patients

H control

Prolactin Concentration

O N B O B
1

Normal Over weight Obese

Body Mass Index

Figure (3.20) : Levels of BMI with prolactin concentration in patients and

control group.
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3.2.4 The effects of the BMI on the levels of FSH

concentration in patients and control group

The measurement of the level of FSH concentration in patients
shown the higher BMI in normal and obese when compared with
overweight, while in control group shown higher BMI of FSH level in

overweight than normal and obese weight, as shown in figure (3.21).

patients

H control

FSH Concentration
o = %) w B [V) ] [#)] ~-J co

Normal Over weight Obese

Body Mass Index

Figure (3.21) : Levels of BMI with FSH concentration in patients and control
group.
3.25 The effects of the BMI on the levels of LH

concentration in patients and control group
The measurement of the level of LH concentration in patients
women shown the highest BMI level in normal, overweight and obese

compared to the control group, as seen in the figure (3.22).
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Figure (3.22) : Levels of BMI with LH concentration in patients and control

group.

3.3 The effect of the duration of miscarriage on biochemical

parameters levels in patients group

The relation between duration of miscarriage and concentration of
biochemical parameters of patients, and its effect on level of fertility
hormones in one month, two months and three months or more, for the

purpose of comparing between hormones.

3.3.1 The levels of ACTIVIN A hormone within duration of

miscarriage in patients women

The results of the research showed that the level of ACTIVIN A
concentration for patients women with the duration of miscarriage,
where the one month was more miscarriage than the three and two

months, as shown in figure (3.23).
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Figure (3.23) : The relation of duration of miscarriage with ACTIVIN A

concentration.

3.3.2 The levels of INHIBIN B, ESTROGEN and LH
hormones within duration of miscarriage in patients

women

In this study , the measurement of the levels of INHIBIN B,
ESTROGEN and LH concentration in patients with duration of
miscarriage, showed that the levels of these hormones were higher in
one month when compared with two and three months, as shown in

figures (3.24-26) .
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Figure (3.24) : The relation of duration of miscarriage with INHIBIN B

concentration.
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Figure (3.25) : The relation of duration of miscarriage with ESTROGEN

concentration.
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Figure (3.26) : The relation of duration of miscarriage with LH concentration.

3.3.3 The levels of prolactin, progesterone, FSH and
testosterone hormones within duration of miscarriage

in patients women
The measurement of this hormones with duration of miscarriage

notice the more miscarriages in three months or more from pregnancy
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than one and two months from embryo age, as shown in figures (3.27-
30).
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Figure (3.27) : The relation of duration of miscarriage with prolactin

concentration.
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Figure (3.28) : The relation of duration of miscarriage with progesterone
concentration.

72



Chapter three: The Results

7.8
7.6
_5 7.4
= \
© 7.2 \
= ]
8 7 \
Month g 6.8 - \
L& ] -
= 2 Month - ©6 \
¥ 6.4 -
>3 Month \
6.2 -
6 - \

Month 2 Month 2 3 Month

Duration of miscarriage

Figure (3.29) : The relation of duration of miscarriage with FSH concentration.
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Figure (3.30) : The relation of duration of miscarriage with testosterone
concentration.
3.4 The effect of number of miscarriages on fertility

hormones concentration in patients women
Patients group was categorized according to the number of

miscarriages into women with two, three or more miscarriages and its
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relation with the level of fertility hormones to find out the difference

between the hormones.

3.4.1 The effect of the number of miscarriages on the level of
ACTIVIN A, ESTROGEN, FSH, progesterone and

testosterone concentration in patients

In this study, it was found that the concentration of these hormones
with the number of miscarriages for patients women , that women with
two recurrent miscarriages have a higher percentage than other women
with the number of miscarriages of three or more, as shown in figures
(3.31-35).
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Figure (3.31) : The relation of number of miscarriages with ACTIVIN A

concentration.
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Figure (3.32) : The relation of number of miscarriages with ESTROGEN

concentration.
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Figure (3.33) : The relation of number of miscarriages with FSH concentration.
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Figure (3.34) : The relation of number of miscarriages with progesterone

concentration.
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Figure (3.35) : The relation of number of miscarriages with testosterone
concentration.
3.4.2 The effect of the number of miscarriages on the level of

INHIBIN B, LH and prolactin concentration in patients
The measurement of the concentration of these hormones with the

number of miscarriages, it was found that the level of hormones in
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women with three miscarriages or more is higher than in women with

two recurrent miscarriages, as shown in figures (3.36-38).
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Figure (3.36) : The relation of number of miscarriages with INHIBIN B

concentration.
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Figure (3.37) : The relation of number of miscarriages with LH concentration.
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Figure (3.38) : The relation of number of miscarriages with prolactin

concentration.

3.5 The effect of last miscarriages date on biochemical

parameter concentration

The group of women patients was divided according to the last
miscarriages date into three groups, the first group the last miscarriage
(1-4)months, the second group from (5-9)months, and the third group
more than (9months -2years) and the relation with the concentration of
fertility hormones for the purpose of knowing their effect on the level of

these hormones.

3.5.1 The effect of last miscarriages date on the level of
ACTIVIN A, FSH, progesterone and testosterone

concentration

The study found that the level of concentration of these hormones
was higher percentage in first group(1-4 months) for the last miscarriages
date for patients women when compared with the second group (5-9
months)and third group (over 9 months - 2 years), as shown in figures
(3.39-42).
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Figure (3.39) : The relation of last miscarriages date with ACTIVIN A

concentration.
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Figure (3.40) : The relation of last miscarriages date with FSH concentration.
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Figure (3.41) : The relation of last miscarriages date with progesterone

concentration.
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Figure (3.42) : The relation of last miscarriages date with testosterone
concentration.
3.5.2 The effect of last miscarriages date on the level of
INHIBIN B concentration

The measurement of the level of the INHIBIN B concentration

with the last miscarriages date of patients ,showed insignificantly
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decreased in the second group (5-9 months) when compared with the first

group (1-4 months), as shown in figure (3.43).
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Figure (3.43) : The relation of last miscarriages date with INHIBIN B

concentration.

3.5.3 The effect of last miscarriages date on the level of the
ESTROGEN, LH and prolactin concentration

The study found that the level of concentration of these hormones
was higher percentage in second group(5-9months) for the last
miscarriages date for patients women when compared with the first group
(1-4 months)and third group (over 9 months - 2 years), as shown in
figures (3.44-46).
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Figure (3.44) : The relation of last miscarriages date with ESTROGEN

concentration.
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Figure (3.45) : The relation of last miscarriages date with LH concentration.
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Figure (3.46): The relation of last miscarriages date with prolactin

concentration.
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Chapter four: Discussion

4.1 Physiological changes mechanisms in fertility hormones

between age groups (15-45) years

The results of hormones in women with PCOS and control group
indicated revealed that INHIBIN B and ACTIVIN A levels were
decreased, but FSH, LH, ESTROGEN, prolactin, progesterone and
testosterone levels were increased, as shown in table (3.1). Low levels of
INHIBIN B have been linked to poor ovulation, low pregnancy rates, and
an increased risk of miscarriage. Study suggests The amount of INHIBIN
B relates with follicular function and oocyte quantity, suggesting that
INHIBIN B cell product plays a role in follicular growth @47, Another
study found that The amount of both INHIBIN B proteins released into
follicular fluid appears to rise with follicle growth, while concentrations
may somewhat fall in the biggest follicles due to strength in a larger fluid
volume @48, INHIBIN B is a key indication of ovarian reserve (the
ovary's ability to react to gonadotropin stimulation), predicting the size
of retrievals and determining gonadotropin dose for Assisted
Reproductive Technology 49, Study found that INHIBIN B in follicular
fluid was discovered to be a useful marker for follicular development.
They also discovered a link between INHIBIN B levels in follicular fluid
and embryo scores on the second or third day of their previous menstrual
cycle, making INHIBIN B an effective predictor of embryo quality *%9,
INHIBIN B levels decrease before blood FSH levels rise, making it a
more sensitive indicator of ovarian age than FSH %V, INHIBIN B levels
were lower in patients using progesterone for polycystic ovarian
syndrome °2, Some studies showed that INHIBIN B concentration
increases in patients with polycystic ovary syndrome 53, Whereas some

have demonstrated that it decreases (19,
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ACTIVIN A levels in the blood are greater in pregnant women
than in non-pregnant women, and they rise throughout the pregnancy
until a round 28 weeks %), The use of serum ACTIVIN A as a predictor
of pregnancy failure has sparked considerable controversy among
researchers, with some claiming that ACTIVIN A readings can identify
pregnant women at risk of missed miscarriages ®°®. Measuring the
ACTIVIN A hormone level important in treating early pregnancy
difficulties in the first trimester of pregnancy in women who have
bleeding during pregnancy that puts the foetus at risk of miscarriage *57),
Asashima, et al in (1990) found that although ACTIVIN A is present in
the blood throughout pregnancy, the specific biological role of these
proteins in pregnancy is, as yet, unknown @8, A decrease in ACTIVIN
A concentration or functional activity may induce PCOS-like symptoms
(159 The results are not concordant with the study by Eldar-Geva, T., et
al in (2001) found that The serum ACTIVIN A ratio was shown to be
higher in PCOS patients than in controls @ In women, the source of
serum ACTIVIN A is uncertain, in response to FSH stimulation, peptide

is produced by ovarian cells (61,

In the pathogenesis of polycystic ovarian disease, abnormality of
the hypothalamic-pituitary-ovarian or adrenal axis has been suggested
disturbance in the excretion type of the gonadotropin-releasing hormone
results in the relative increase in LH - FSH release %2, Ovulation does
not occur in polycystic ovarian disease patients due to a high LH/FSH
ratio %3, In PCOS women, higher serum LH and the LH:FSH ratio are
common %), Cook et al in (2002) Found that the women with PCOS
showed greater serum LH levels than women without the condition (6%,
One study found that the variability in the LH/FSH ratio is at least as
large in healthy women as it is in those with clinical PCOS (166167 |n
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30% of PCOS patients, a little increase in blood prolactin levels can be

found in both the follicular and luteal phases 68,

According to research, an increase in blood prolactin levels
might lead to a decrease in ovarian follicles and ovulation @9, Early
studies showed that the patients with polycystic ovaries had higher
prolactin serum levels in early investigations. Recent studies that used
repeated serum samples to rule out transitory prolactin spikes found a less
common link between these diseases %1, A study found that high
blood prolactin levels were not connected with PCOS and could not be
regarded a characteristic of the condition; nonetheless, the need to
evaluate serum prolactin levels in PCOS patients has been issued 72,
Other studies have also agreed that monitoring blood prolactin levels in

PCOS patients is a fine decision 73174,

Infertility and spontaneous abortion are most commonly caused
by a lack of luteal phase progesterone production and activity ,the reason
of progesterone deficiency in PCOS patients during the luteal phase is
unknown @7 Women with polycystic ovary syndrome (PCOS) need
higher levels of progesterone to slow the frequency of gonadotropin
releasing hormone pulse secretion 8, Women who have had a history
of miscarriage and are experiencing early pregnancy bleeding may
benefit from vaginal progesterone therapy. Treatment with 400 mg of
vaginal micronized progesterone twice day was linked to a higher
incidence of live births @7, In patients with PCOS, there are certain
anomalies in progesterone synthesis that may be linked to a high risk of
miscarriages ’®, Prossnitz et al in (2007) Found that ESTROGENS
are released in considerable numbers exclusively by the ovaries in non-
pregnant women, however small amounts are also secreted by the adrenal

cortices. The placenta also secretes large amounts of ESTROGENS
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during pregnancy @7, High ESTROGEN levels, can develop in women
with polycystic ovarian syndrome (PCOS). This disorder is characterized
by a hormonal imbalance that can result in irregular periods, unwelcome
hair growth, and acne 8%, The ESTROGEN dominance found in women
with PCOS is caused by hormone imbalance. Environmental variables
might also influence the outcome 89, The levels of total testosterone and
free testosterone were linked to the risk of PCOS (82, Sometime
testosterone levels may be normal in PCOS. Oral contraceptives reduce

testosterone levels (183),

4.1.1 Age & Body Mass Index between groups

In this study, patients women with PCOS and control group were
classified into two groups according to their ages, groupl their ages are
ranging from (15 to 29) years old, group 2 their ages are ranging from
(30 to 45) years old . In our study, we found that the results of age (15-
45) years, levels were increased, and the body mass index level almost
equal in control and patients women with PCOS. Table (3.1). Because a
woman's reproductive ability reduces with age due to decreased ovarian
reserve, oocyte quality, and the increased occurrence of embryonic
aneuploidy, age is a key factor impacting female fertility 8. PCOS is
the most commonly hormonal condition among women of reproductive
age 85 Malizia et al in (2009) In general, female fertility decreases as
she gets older *8), Asamarai et al in (2009) PCOS was associated with
an increase in ovarian volume and follicle number from the age of 15
until menopause ). Each person's body mass index (BMI) was
calculated using the formula weight (kg)/height (m?), and the results were
assessed to determine their obesity status. Not all PCOS women are
obese, and not all PCOS women have an abnormal LH/FSH ratio, nor do

they all have the hormonal and biochemical abnormalities associated
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with the illness. According to other studies, a higher BMI always
associated with a higher LH and a higher risk of menstrual disorders.
Therefore, compared to obese female, non-obese women with PCOS had

significantly higher blood LH levels &9,

4.2 The changes in fertility hormones between groups for
age (15-29) years

In group 1 for age (15 to 29) years the results of hormones show
that INHIBIN B and ACTIVIN A levels were decreased ,but LH, FSH,
ESTROGENS, prolactin, progesterone and testosterone levels were
increased in patients women , as shown in table (3.2). INHIBIN B levels
are now thought to be the strongest predictor of reproductive potential. In
fact, when it comes to determining reproductive potential, INHIBIN B
outperforms follicle-stimulating hormone (FSH). There is a recognized
negative association between INHIBIN B and FSH @) Premature
ovarian failure affects 1% of all women and 0.1% of those under the age
of 30 year. Secondary amenorrhea, infertility, and increased
gonadotropin levels are all symptoms of this illness @0, A similar study
found that when the ovarian follicular reserve begins to decrease, serum
INHIBIN B concentrations decrease °Y. Another study found that when
comparing PCOS to normal people, follicular fluid INHIBIN B levels are
lower 192 ACTIVIN A and INHIBIN B are two closely related protein
complexes with biological functions that are virtually diametrically
opposed. ACTIVIN A contributes to the control of the menstrual cycle
by enhancing FSH production and secretion. Many more activities of
ACTIVIN A have been discovered, including functions in cell
proliferation, differentiation, metabolism, homeostasis, immunological
response, wound healing, and endocrine function are all important

aspects of human health #9319 \Women with polycystic ovary syndrome
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have a three-fold increased risk of miscarriage compared to women
without the disease @%). ACTIVIN A promotes the anterior pituitary's
production of FSH ®%), Norman et al in ( 2001) Suggested that the
ACTIVIN A levels is altered in patients women with polycystic ovary

syndrome in two groups.

Serum ACTIVIN A levels were considerably lower in PCOS
patients than in controls “°7), Shen et al in (2005) In another study found
that ACTIVIN A levels were shown to be lower in PCOS patients %),
Luisi et al in (2003) Found that serum ACTIVIN A levels in miscarriage
patients, have shown different results, with levels much lower in patients
women @9, The FSH and LH hormones are a contentious criteria for
identifying a subset of miscarriages women with polycystic ovary
syndrome and anomalies in the hypothalamic-pituitary-ovarian axis %,
The high level of LH was detected in this study was clarified by
MecCartney et al in (2002) who found PCOS women were shown to
have a higher frequency and/or quantity of LH pulses, as well as an
increase in LH secretory burst mass and a greater disorder in LH

secretion.

According to one research, 75% of PCOS women had an
increased LH level as a result of the elevated insulin levels that create the
anomalies in the hypothalamic-pituitary-ovarian axis that cause PCOS
(201 In teenage and young women with polycystic ovaries, ultrasound is
not a useful diagnostic tool. On ultrasonography, up to 70% of young
women may have polycystic ovaries %2, Age-specific interpretations of
FSH concentrations might lead to more accurate ovarian function
assessments %, The FSH level is the highest limit in patients women
with polycystic ovary syndrome %9, The presence of a high level of FSH
or LH in the blood implies that there is a problem with the ovary. While
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FSH or LH levels that are low or normal suggest a problem with the
pituitary or hypothalamus ©#%). PCOS is more common in younger
women than in older women, possibly because to a physiological drop in
the follicular cohort, which results in a normalized ovarian ultrasound
appearance with age #%). Several hormonal factors, as well as age,
regulate prolactin production. Moderately high estrogen levels are linked
to PCOS, which may promote prolactin production %), Recurrent
miscarriages, which affects 2-5 percent of couples, is a severe concern
(2%8) " Recurrent miscarriages are caused by a variety of endocrine
variables, including increased prolactin %), As is well known,
abnormally high levels of prolactin in the blood induce menstrual cycle
problems and infertility, as well as repeated miscarriages, which impair
pregnancy outcomes @9, Bahceci et al in (2003) Suggested that

Prolactin levels were shown to be greater in PCOS patients ¢V,

Women patients with PCOS generally have similar ESTROGEN
levels higher testosterone hormone ?!2), testosterone hormone is present
normal or elevated levels in women with PCOS @), The presence of
polycystic ovaries in patients causes a high level of testosterone, which
has been proved by research and worldwide studies. The male hormone
was the cause of secondary amenorrhea in patients owing to polycystic
ovarian disease 4219, Patients with PCOS have greater testosterone
levels in their blood @), Study by Bruin et al in (2004) increased
testosterone output by the ovarian cells may increase the tiny number of
potentially recruit follicles in the ovaries, and these follicles may cause
not ovulating in patients with PCOS @) The increase of testosterone
hormone was in assent with the study of Carmina et al in (2006) @,
Estrogen production changes quantitatively between patient women. The

placenta is the major estrogen source , not the ovaries as in non-pregnant
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women @9 Due to a lack of ovulation, estrogen levels remain high.
Constant estrogen exposure, can cause the endometrium to thicken
abnormally, resulting in heavy and/or irregular bleeding or anovulation
uterine bleed (periods without ovulation) 2%, To briefly reduce bleeding
and stabilize the endometrial lining in women with menorrhagia ,estrogen
in conjunction with progesterone may be prescribed ?29, In the plasma of
a human female, only three estrogens are found in substantial amounts: -
estradiol, ESTRONE, and ESTRIOL. -Estradiol is the most common
estrogen released by the ovaries. ESTRONE is also produced in small
amounts, although the majority of it is created in peripheral tissues from
androgens secreted by the adrenal cortices and ovarian cells. ESTRIOL
Is a weak estrogen that is produced through oxidation of both estradiol
and ESTRONE, with the conversion taking place mostly in the liver 22,
The results disagree with the study found that the ESTROGEN hormone
level in PCOS women is low to normal ??%. Progesterone is released in
significant amounts by the luteal phase in the non-pregnant female only
during the latter half of each ovarian cycle. Large amounts of
progesterone are also secreted by the placenta during pregnancy,
especially after the fourth month of gestation #?4. Ovulation is
intermittent in women with PCOS, shows the slight increase in
ESTROGEN and progesterone levels seen in non-ovulating cycles @29,
Chhabra et al in (2005) suggested that women with PCOS need greater

progesterone level (226227),

4.2.1 Age & Body Mass Index between groups for age(15-
29)years
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In our study, found that age (15-29) years, levels were
insignificantly increased in female with polycystic ovary syndrome, and

the BMI level was insignificantly decreased in patients women.

4.3 The changes in fertility hormones between groups for
age (30-45) years

In group 2 for age (30 to 45) years the results of hormones showed
that INHIBIN B , ACTIVIN A, FSH, progesterone and testosterone
levels were decreased ,but LH, ESTROGEN and prolactin levels were
increased in patients women , as shown in table (3.3). Increased or
decreased hormone levels that are greater or lower than normal levels
might affect the ovarian system and lead to PCOS. As a result, health
issues associated with advancing age may increase the chance of PCOS
in women diagnosed with health problems such as obese, stroke and other
conditions, and PCOS may exacerbate these conditions. As a result, early
detection and treatment of PCOS patients are critical for reducing health
risks in women. In our study, found that INHIBIN B and ACTIVIN A in
two groups (15-29),(30-45) years, it was in the control group higher than
patients women with PCOS. Study agrees with the study that found
INHIBIN B secretion was shown to be declining in older women,
indicating a decreased ovarian follicular pool ??®). Another study found
that Follicular phase INHIBIN B levels were considerably lower in older
females 2%, A similar study was found that the decrease blood ACTIVIN
A levels (a glycoprotein that binds to ACTIVIN A and inhibits its
function) are also found in PCOS patients (%39,

The results of FSH show that hormone was decreased in PCOS
women for age (30-45) when compared with the age (15-29) in which
that hormone was increased in patients with PCOS. The changes in sex

hormone levels were shown to be one of the most critical diagnostic
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criteria for polycystic ovarian syndrome. The blood level of FSH was
shown to be lower in women with this disease Y. Other studies have
found that PCOS can lower the release of FSH hormone “%2,
Furthermore, testosterone may increase the number of FSH receptors in
women with PCOS, resulting in a decrease in FSH concentration and an
increase in LH serum levels @*3, The hormonal assay revealed that FSH
was considerably lower in PCOS patients compared to healthy controls,
the results agreement with Begawy et al in (2010) 34, The results of LH,
ESTROGEN and prolactin hormones was in these two groups (15-
29),(30-45) years showed that the women with PCOS had higher than the
control group. Previous research on LH and FSH serum level fluctuations
in PCOS has shown that there is a link between increased LH and
decreased FSH levels in PCOS ?%523%) Jamil and colleagues in (2016)
found that the LH hormone were discovered to be significant predictors
of PCOS diagnosis 3", Guyton and Hall in (2001) found that increased
estrogen release causes a reduction in FSH release in the pituitary,

resulting in a negative feedback loop 39,

Goh & Ratnam in (1990) suggested that ESTROGEN high

levels have also been linked to an increase in prolactin release 39,

Sedighe et al in( 2014) some researchers agreed with this result,
suggesting that blood prolactin levels in PCOS individuals are greater
than usual ®*9, Szosland et al in (2015) Many scholars disagreed, saying
that serum prolactin levels in PCOS patients are normal and that the
relation between PCOS and high serum prolactin levels is only accidental
41 The results of progesterone and testosterone show that hormones
was decreased in PCOS women for age (30-45)years when compared
with the smaller age (15-29) years in which that hormones was increased

in patients with PCOS. However, the earlier studies were show that
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during the luteal phase, PCOS women had considerably lower
progesterone concentrations than controls, according to the current study.
Early pregnancy losses in PCOS women may be caused by decreased
progesterone levels during the luteal phase 4. Many researchers
agreement with the study and found the mechanism by which LH induces
recurrent miscarriages in PCOS women is unknown, the study provided
more support for the negative effect of high LH in recurrent miscarriages
in PCOS women. High LH levels were shown to have a negative relation
with progesterone levels during the luteal phase in PCOS women ,
suggesting that low progesterone levels in older women may be linked to
LH hyper secretion in this disease 3. Pinola et al in (2015) found that
the amount of testosterone in PCOS decreases with age 9. Another
study agreed with our study and suggested that the women with PCOS,

their testosterone levels decrease as they become older 49,

4.3.1 Age & Body Mass Index between groups for age (30-

45)years

In this study, found that age (30-45) years, levels of age were
significantly increased in patient compared with control. This leads to an
increase in body mass index in patient women (positive correlation).
Table (3.3). In addition, both for control and PCOS patients, BMI in the
age group (15-29) was lower than in the age group (30-45), although BMI
in the control of age group (15-29) was higher than PCOS patients, and
BMI in the age group (30-45) was lower than PCOS patients, and this
study agreed with the study by Shenta Ashwaqg, Khansaa Saud, and
Ali Al-Shawi in (2020). Another study by Wild et al in (2000) found
that in a 31-year follow-up research, a PCOS group had significantly
higher BMI values than a control group ?*9. In the Rotterdam research,
patients with PCOS had a higher BMI than age matched controls ?47,
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Most studies, but not all, support the assumption that PCOS are more

overweight/obese at older ages compared with healthy controls.

4.4 Body Mass Index (BMI)

The BMI levels of non-pregnant women patients with PCOS
showed that, the highest percentage of body mass index was for obese
women with PCOS about 39%, and then for overweight women about
34%, while women with normal weight had the lowest body mass index
for patients about 27% , as shown in figure (3.14). Several studies and
research supported the result of the study, like as Al-Tu'ma et al in
(2015) this is a common finding among women with the syndrome.
Obesity and abdominal fat accumulation, which a high percentage of
female suffer from, aggravate the physiological, hormonal, and metabolic
symptoms of polycystic ovarian syndrome (PCOS) ?*®. Another study
found that the inability of insulin to operate properly is one of the reasons
why people with PCOS gain weight or have difficulty losing weight.
Obesity can lead to a variety of major health issues. Increased PCOS
symptoms include irregular ovarian cycles, and anovulation. Endocrine
and metabolic problems may be influenced by BMI. Obesity has been
associated to an increase in number of miscarriages , cardiovascular and
infertility risk in the development and progression of the syndrome 49,
According with World Health Organization (WHO, 2000), thin is defined
as a BMI of less than 18.5 kg/m?, normal weight is defined as a BMI of
18.5 to 24.9 kg/mz2, overweight is defined as a BMI of 25 to 29.9 kg/m?,
and obese is defined as a BMI of more than 30 kg/m2 %59, Obesity has
been linked to a decrease in ovulatory rates, an increase in the frequency
of miscarriages and possibly an increase in infertility associated with
PCOS, according to a new study. Anxiety, melancholy, stress, and

personal dissatisfaction, all of which are common in women with PCOS,
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may be exacerbated by a change in body image as a result of weight

increase D),

4.4.1 The effect of body mass index (BMI) on biochemical
parameters concentration in patients and control
group

They were divided into three groups, those with a BMI. Normal
weight was divided as group A (18.5-24.9 Kg/m?2), overweight were
classified as group B (25-29.9 Kg/m?), while those over(>30 Kg/m?)
obese as group C. The current study showed that the levels of ACTIVIN
A and INHIBIN B concentration with BMI, both hormones was higher
in controls group than patients women with PCOS. In ACTIVIN A
concentration , the BMI of the control group was higher in over weight
when compared with normal weight and obese, while in the INHIBIN B
concentration, the BMI of the control group was equal in each of the
women with normal weight, over weight and obese , as shown in figure
(3.15),(3.16). A study that agrees with our study, which found that the
body mass index of ACTIVIN A was decreased in women with PCOS
compared to healthy women 252, The reality is that not all women with
PCOS are overweight %3, The diagnosis of PCOS is necessary because
it indicates metabolic problems, possible cardiovascular problems, and,
most importantly, it interferes directly with these patients' reproductive
state ®>9_ INHIBIN B levels are inversely associated to BMI in polycystic
ovarian syndrome. Suggesting that BMI may inhibit INHIBIN B release,
and obesity reduces follicle health follicular production of INHIBIN B
when compared to the control group @),

When the women with PCOS and control group were subdivided

according to their BMI, the concentration of testosterone and
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progesterone in normal-weight women with PCOS were higher than in
the control group, and healthy women overweight and obese women were
higher compared to the patients, as shown in figure (3.17),(3.18). A study
found that a little but significant percentage of women with PCOS have
a normal or low BMI which may or may not even have symptoms like
irregular menstruation ©?°9, A similar study by Bellver, J., Rodriguez-
Varela in (2022) found that the patients who were overweight or obese
had significantly lower serum progesterone levels than those who were
underweight or normal weight ®*, When compared to obese women
with PCOS, non-obese females with PCOS showed higher levels of
testosterone %), Another study, on the other hand, indicated that
testosterone levels are higher in overweight and obese women, and that

disagreement with our study #59,

In this study, it was found that the body mass index of
ESTROGEN and prolactin hormones in normal-weight and overweight
women with PCOS was higher than in obese women compared to the
control group, as seen in the figure (3.19),(3.20). Randolph et al in
(2011) When compared to non-obese women, obese women had lower
premenopausal ESTROGEN levels, which are measured on days 2-5 of
a spontaneous menstrual cycle 9, A study that agreed with our results
shows that the prolactin level in PCOS women was greater in normal

body weight women than overweight and obese women (269,

The normal BMI and obese with concentration of FSH hormone
was higher in women with PCOS than the control group, and the results
of levels of BMI with LH concentration in patients women higher than
control, as shown in figure (3.21),(3.22). Some studies have found a
higher of luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) in PCOS patients with normal weight than in obese PCOS patients

97



Chapter four: Discussion

Dale et al in (1992) however, this result has not been found in other
research (Fulghesu et al in 1999; Moran et al in 2003) %52, Obesity is
more common in women who have PCOS. Although increasing research
shows that BMI adds significantly to the severity of many problems, like
the risk of miscarriage, the relative impact of PCOS diagnosis and obesity

in this group of women is still unknown 63,

4.5 The effect of the duration of miscarriage on biochemical

parameters levels in patients women

In current study, found the relation between duration of
miscarriage and concentration of biochemical parameters of patients
women, and its effect on level of fertility hormones in one month, two
months and three months or more. The results of the research show that
the level of ACTIVIN A concentration for patients women with the
duration of miscarriage, where the one month was more miscarriage than
the three and two months, as shown in figure (3.23). The measurement of
The levels of INHIBIN B, ESTROGENS and LH concentration in
patients with duration of miscarriage, showed that the levels of these
hormones were higher in one month when compared with two and three
months, as shown in figure (3.24),(3.25),(3.26). The measurement of the
levels of prolactin, progesterone, FSH and testosterone hormones with
duration of miscarriage notice the more miscarriages in three months or
more from pregnancy than one and two months from embryo age, as
shown in figure (3.27-30) . Early miscarriage is described as a pregnancy
loss that happens within the first three months of pregnancy (less than 12
weeks gestation) and affects 1-5% of pregnancies. Late miscarriage
happens in the second trimester (12—24 weeks) and uncommon happen,
affects in 1-2% of pregnancies ®®9. A matching study showed that the

first trimester failure is more common than the other months @59, Females
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with polycystic ovary syndrome are three times more likely than women
without PCOS to miscarry in the first trimester of pregnancy %), Other
studies, on the other hand, relate the rise to other factors like as obesity,

advancing age, and the use of reproductive treatment (267:268),

In  recent vyears, threatening miscarriages caused by
environmental and societal causes have more common. During the first
trimester, sex steroids such as progesterone and ESTROGEN, as well as
prolactin and testosterone, regulate communication between the embryo
and the mother. There are presently no reliable indicators that can be used
to predict and evaluate first-trimester pregnancies with bleeding. The key
indices used to identify and determine the prognosis in women facing an
abortion danger are blood progesterone levels. In some cases,
ESTROGEN levels are also used. Bed rest, luteal support, and
combination ESTROGEN and progesterone supplements are the most
common treatments for threatened miscarriage %69, Szekes Bartho et al
in (2009) showed that miscarriage during the first three months of
pregnancy is associated with a decrease in progesterone concentration,
which occurs in cases of recurrent miscarriages as a result of the mother's
immune system rejecting the embryo @7, In the second and third
trimesters of pregnancy, the placenta is the primary producer of
progesterone, so a problem with the placenta would result in a decrease
in this hormone, while a problem with the luteal phase would result in a
disruption in progesterone synthesis during the first trimester of
pregnancy @Y. Miscarriages are linked to sex hormonal imbalance. The
sex hormonal system is a complex orchestra of hormones that work a
strict timetable. If any of these hormones are out of balance, it can have

a negative effect on the entire circulation @2,
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The embryo placenta is affected by low blood oxygen level,
which causes an increase in the secretion of ACTIVIN A , from the
placenta in late pregnancy. The ACTIVIN A hormone continues to
increase during pregnancy until birth. The absence of internal uterine
oxygen may also be indirectly reflected by this hormone. At the start of
pregnancy, the amount of ACTIVIN A is checked because it may be used
to diagnose trophoblast function deficiencies and regulate early
pregnancy needs in the first trimester in women who have pregnancy-
related bleeding that risks miscarriage. Cell division is controlled by
ACTIVIN A, which also increases the secretion of follicle-stimulating
hormone @7, The reason for the high concentration of follicle-
stimulating hormone is the effect of ACTIVIN A concentration in women
with recurrent miscarriages, and this is consistent with what the
researchers Dipro&,Harris said, who found the relation between the two
hormones and their effects on the women body ©4. INHIBIN B
concentrations were shown to be greater in embryo blood throughout the
first trimester, according to research by Muttukrishna et al in (2004)
(275) The fact that decrease INHIBIN B concentrations indicate ovarian
insufficiency in women who had missed miscarriages suggests that it may
be possible to use INHIBIN B to predict the viability of an early

pregnancy @7,

4.6 The effect of number of miscarriages on fertility

hormones concentration in patients women

In this study, patients group were categorized according to the
number of miscarriages into women with two, three or more miscarriages
and its relation with the level of fertility hormones to find out the
difference between the hormones. It was found that the concentration of
ACTIVIN A, ESTROGEN, FSH, progesterone and testosterone
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hormones with the number of miscarriages for patients women , that
women with two recurrent miscarriages have a higher percentage than
other women with the number of miscarriages of three or more, as shown
in figures (3.31-35). While the measurement of the concentration of
INHIBIN B, LH and prolactin hormones with the number of
miscarriages, it was found that the level of hormones in women with three
miscarriages or more is higher than in women with two recurrent
miscarriages, as shown in figures (3.36-38). The most significant risk for
miscarriage is a recent spontaneous miscarriage, according to a large
body of research on recurrent miscarriage. Because a prior spontaneous
miscarriage is the most important predictor of future spontaneous
miscarriage, the result of a woman's first pregnancy has far-reaching
significance for all future pregnancies @’". Endocrine problems are
thought to be responsible for around 8% to 12% of all occurrences of
recurrent miscarriages ©@’®. Moreover, when a pregnancy is obtained,
PCOS patients are more likely to suffer recurrent miscarriages 7.
Several research have investigated the correlation between PCOS and
recurrent miscarriages in  recent years. Women with recurrent
miscarriages have been found to have higher rates of PCOS ®%, Wang
et al in (2001) That found obesity was shown to be associated with an
increased number and risk of recurrent miscarriage in PCOS patients (89,
According to some authors, insulin resistance, is a major role in
understanding the link between obesity, PCOS, and recurrent

miscarriages 82,

Several previous studies have found that women with lower
levels of serum progesterone can lead to miscarriage %8284, However,
increased ESTROGEN levels might cause miscarriage too @&, This is

consistent with our study that found low levels of progesterone in patients
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women for age 30 to 45 years, and higher levels of ESTROGEN in
patients for both age groups, and this explains the relation of hormones
and their effect on the number of recurrent miscarriages. No treatment to
stop miscarriages in women at risk of miscarriage. There is some
evidence that progesterone may enhance the number of live births among
women who experience recurrent miscarriages 2. It was discovered that
use vaginal progesterone enhanced the live birth rate and decreased the
miscarriage rate for women who had experienced recurrent miscarriages.
The group of women with a history of three or more miscarriages had a
greater live birth rate than the group of women with a history of two or
more losses 8", According to a study, found the high in ACTIVIN A
during the first two weeks of pregnancy can be used to predict how the
pregnancy would end out. The concentration of ACTIVIN A appears to
be lower in pregnancies that are doomed to miscarriage than in
pregnancies that end in birth ?®_ In fact, INHIBIN B levels never rise to
high levels throughout pregnancy, and their highest levels at birth are
similar to their peak mid cycle values a few days after ovulation %9 The
hormone prolactin is important for female reproduction and is crucial for
maintaining the health of the luteal phase and progesterone release. In
women who experienced recurrent miscarriages, prolactin levels were
linked to a higher risk of miscarriage in future pregnancies ?%9. In
comparison to fertile controls, ovarian reserve was evaluated in women
who experience recurrent miscarriages. Women who often miscarried
had higher FSH levels @D, While high levels of luteinizing hormone in
the early to mid-follicular phase have been linked to a higher risk of
miscarriages in women with and without PCOS, as well as Increased
testosterone levels are linked to a decrease in uterine growth during the

luteal phase and are thought to be responsible in recurrent miscarriages.
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Women who suffer from recurrent miscarriages had greater testosterone

levels than fertile controls 292,

4.7 The effect of last miscarriages date on biochemical

parameter concentration

In this study, the group of women patients was divided
according to the last miscarriages date into three groups, the first group
the last miscarriage within (1-4) months, the second group from (5-9)
months, and the third group more than (9months -2years) and the relation
with the concentration of fertility hormones for the purpose of knowing
their effect on the level of these hormones. The study found that the level
of concentration of ACTIVIN A, FSH, progesterone and testosterone
hormones was higher percentage in first group(1-4 months) for the last
miscarriages date for patients women when compared with the second
group (5-9 months)and third group (over 9 months - 2 years), as shown
in figure (3.39-42), but the level of the INHIBIN B concentration with
the last miscarriages date of patients ,showed insignificantly decreased in
the second group (5-9 months) when compared with the first group (1-4
months), as shown in figure (3.43). While the level of concentration of
LH, ESTROGEN and prolactin hormones was higher percentage in
second group(5-9months) for the last miscarriages date for patients
women when compared with the first group (1-4 months)and third group
(over 9 months - 2 years), as shown in figure (3.44-46). Maternal age has
been shown to have a significant impact on pregnancy outcomes %), Not
only does age have an impact on future pregnancy outcomes, but it also
has an impact on fertility ?°+2%)_Mostly in terms of underlying fertility
It not only decreases with maternal age, but it also differs by age group
(2%) Increasing pregnancy period after a miscarriage, on the other hand,

tends to enhance birth outcomes in the subsequent pregnancy. In order to

103



Chapter four: Discussion

improve results, a world health organization (WHO) expert consultation
on birth spacing suggests deferring the next pregnancy for at least 6
months after a miscarriage. This advice was based on the findings of a
single big Latin American study, which found that miscarriage—
pregnancy durations fewer than 6 months were linked to a higher risk of
preterm birth @7, Study in California found that revealed no evidence of
negative related with pregnancies soon after a miscarriage ?%. Another
study found that, in the setting of recurrent miscarriages, fertility is
highest when the delay between pregnancies is at least one per year. This
suggests that the appropriate waiting period for a pregnancy is around 6—
9 months; a conclusion that has been somewhere else in relation to the
time to pregnancy following a miscarriage @*. After the lady has
experienced many pregnancies. Our finding suggest that when the
waiting period reaches around 6 to 9 months, there should be knowledge
of masculinity factor. Use of nicotine has been linked to an increased risk

of miscarriage and infertility G,

Two studies on hormone levels in the menstrual cycle following
spontaneous miscarriage have been conducted, Low levels of follicle-
stimulating hormone and luteinizing hormone (LH) were associated with
reduced pituitary function, according to one theory %), the second
suggested decreased luteal estrogen and progesterone levels as well as
lower LH levels ©%, Reduced fertility in the post-last miscarriage cycle
would result from these hormonal changes ©%). Women's fertility
decrease gradually but significantly starting around age 32 and more
quickly after age 37, this is mainly due to a decrease in egg production in
conjunction with a slight rise in circulating levels of follicle-stimulating
hormone and a decrease in INHIBIN B concentrations @930, The
decrease of INHIBIN B levels are a more accurate late predictor of
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decreased follicle number. As a result, INHIBIN B levels are not
suggested to be used as a marker of the ovarian poor response to ovarian
stimulation or as a useful biomarker of ovarian reserve ©%),
Unsurprisingly, pregnancy loss results in a rapid decline in the levels of
maternal serum ACTIVIN A, often even before clinical symptoms show
(07, But a recent study in a different group found that these indicators
were useless at diagnosing imminent miscarriage in asymptomatic

women (308),
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Chapter five: Conclusions and recommendations

5.1 Conclusions

In summary, this study proved the following:
1. Women who are overweight and obesity are more likely to have recurrent
miscarriages.
2. Variation in the levels of several hormones such as LH, FSH,
ESTROGEN, ACTIVIN A, INHIBIN B, prolactin, progesterone and
testosterone is an indicator of the possibility of recurrent miscarriages.
3. Pregnant women after treatment of PCOS are more likely to have
recurrent miscarriages than other women.
4. BMI for women with PCOS was the highest in obese women about 39%,
overweight women about 34%, and 27% of normal-weight women, and this
shows the relation of obese with recurrent miscarriages.
5. Decreased levels of both INHIBIN B and ACTIVIN A hormones for all
age groups (15-45) years of women of childbearing age and their exposure
to recurrent miscarriages. Measurement of these variables is suggested by
their adoption to predict miscarriage or not.
6. There is an increase in the number of miscarriages in patients women
with PCOS, the old miscarriage is the biggest indicator of a later
miscarriage in the future.
7. It is best to space between births at least once a year, as the appropriate
waiting period for pregnancy ranges from 6-9 months to avoid recurrent

miscarriages.
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5.2 Recommendations

1. Conducting measurements of each of the sex hormones in pregnant
women for the purpose of making sure of miscarriage or not, especially
in the first three months of pregnancy.

2. Adopting the measurement of both the INHIBIN B and ACTIVIN A
hormones in order to know the possibility of miscarriage in pregnant
women,

3. Recommending weight loss for women who want to get pregnant to
increase the chance of completing the pregnancy without miscarriage.

4. Emphasis on the events of pregnancy at a young age for women and
avoiding the desire to become pregnant among older women, that
associated with the occurrence of risk of miscarriage.

5. The necessity of treating women suffering from PCOS to ensure a safe

pregnancy and to avoid recurrent miscarriages.

107



References

References
1. Ismail, A. M., Abbas, A. M., Ali, M. K., & Amin, A. F. (2018). Peri-

conceptional progesterone treatment in women with unexplained
recurrent miscarriage: a randomized double-blind placebo-controlled
trial. The Journal of Maternal-Fetal & Neonatal Medicine, 31(3), 388-
394.

2. Cocksedge, K. A, Li, T. C., Saravelos, S. H., & Metwally, M. (2008).
A reappraisal of the role of polycystic ovary syndrome in recurrent
miscarriage. Reproductive biomedicine online, 17(1), 151-160.

3. Minkoff, H. L., Henderson, C., Mendez, H., Gail, M. H., Holman, S.,
Willoughby, A., & Landesman, S. H. (2018). Pregnancy Outcomes
Among Mothers Infected With Human Immunodeficiency Virus And
Uninfected Control Subjects. American Journal Of Obstetrics And
Gynecology, 163(5), 1596-1602 .

4. Wilson, W. A., Gharavi, A. E., Koike, T., Lockshin, M. D., Branch,
D. W., Piette, J. C., ... & Khamashta, M. A. (2010). International
Consensus Statement On Preliminary Classification Criteria For Definite
Antiphospholipid Syndrome: Report Of An International Workshop.
Arthritis & Rheumatism: Official Journal Of The American College Of
Rheumatology, 42(7), 1309-1311.

5. Ober, C., Karrison, T., Odem, R. R., Barnes, R. B., Branch, D. W.,
Stephenson, M. D., ... & Schreiber, J. R. (2016). Mononuclear-Cell
Immunisation In Prevention Of Recurrent Miscarriages: A Randomised
Trial. The Lancet, 354(9176), 365-369.

6. Khalil, A., Jauniaux, E., & Harrington, K. (2009). Antihypertensive
Therapy And Central Hemodynamics In Women With Hypertensive
Disorders In Pregnancy. Obstetrics & Gynecology, 113(3), 646-654.

108



References

7. Stagno, S. (2018). Pass RF, Dworsky ME, Henderson RE, Moore EG,
Walton PD, Alford CA: Congenital Cytomegalovirus Infection. The
Relative Importance Of Primary And Recurrent Maternal Infection. N
Engl J Med, 306, 945.

8. Wu, H. L., Marwah, S., Wang, P., Wang, Q. M., & Chen, X. W,
(2017). Misoprostol for medical treatment of missed abortion: a
systematic review and network meta-analysis. Scientific reports, 7(1), 1-
9.

9. Practice Committee of the American Society for Reproductive
Medicine. (2012). Evaluation and treatment of recurrent pregnancy loss:
a committee opinion. Fertility and sterility, 98(5), 1103-1111.

10. Dutta, UR, Rajitha, P., Pidugu, VK, & Dalal, AB (2011). Cytogenetic
abnormalities in 1162 couples with recurrent miscarriages in the southern
region of India: report and review. Journal of assisted reproduction and
genetics , 28 (2), 145-149.

11. Bulletti, C., Flamigni, C., & Giacomucci, E. (1996). Reproductive
failure due to spontaneous abortion and recurrent miscarriage. Human
Reproduction Update, 2(2), 118-136.

12. Metwally, M., Li, T. C., & Ledger, W. L. (2007). The impact of
obesity on female reproductive function. Obesity Reviews, 8(6), 515-
523.

13. Galamb, A., Pethd, B., Fekete, D., Petranyi, G., & Pajor, A. (2015).
Uterine anomalies in women with recurrent pregnancy loss. Orvosi
hetilap, 156(27), 1081-1084.

14. Mander, S., & Miller, Y. D. (2016). Perceived safety, quality and
cultural competency of maternity care for culturally and linguistically
diverse women in Queensland. Journal of Racial and Ethnic Health
Disparities, 3(1), 83-98.

109



References

15. Hussein, F. M., Elmi, F. A., Mus, N. A., & Mumin, A. (2017). Factors
Influencing Miscarriage Among Pregnant Womenin Banadir Hosptial at
Wadajir District. JAMHURIYA UNIVERSITY, 23.

16. Ibrahim, F. M., Al Awar, S. A. A. R., Nayeri, N. D., Al-Jefout, M.,
Ranjbar, F., & Moghadam, Z. B. (2018). Experiences of Recurrent
Pregnancy Loss Through the Perspective of United Arab Emirates
Women: A Qualitative Study. International Journal of Women's Health
and Reproduction Sciences, 7, 306-312.

17. Naz, MSG, Tehrani, FR, Majd, HA, Ahmadi, F., Ozgoli, G., Fakari,
FR, & Ghasemi, V. (2019). The prevalence of polycystic ovary syndrome
in adolescents: A systematic review and meta-analysis. International
Journal of Reproductive BioMedicine , 17 (8), 533 ..

18. Faroog, R. (2018). Short review on polycystic ovarian syndrome.
Journal of Medicine , 19 (1), 49-53.

19. Ding, T., Hardiman, P. J., Petersen, I., Wang, F. F., Qu, F., & Baio,
G. (2017). The prevalence of polycystic ovary syndrome in reproductive-
aged women of different ethnicity: a systematic review and meta-
analysis. Oncotarget, 8(56), 96351.

20. Wilding, J. P. (2020). Endocrine testing in obesity. European Journal
of Endocrinology, 182(4), C13-C15.

21. Bilal, M., Khadija, S., Arshad, N., & Saleem, S. (2022). Among the
Largest Population Which Age Group is the Most Having Polycystic
Ovarian Syndrome. Saudi J Med, 7(1), 42-44.

22. Balakrishnan, S. (2013). Adolescent Polycystic Ovary Syndrome.
Health Science, 2(1), JS004B.

23. Taghavi, M. O. R. T. E. Z. A., & Fatemi, S. (2008). Association of
macroprolactinemia in patients presenting with hyperandrogenic
symptoms. Iranian Journal of Endocrinology and Metabolism, 10(3),
273-276.

110



References

24. Yousaf, J., Khadija, S., Arshad, N., Amjad, M. R., Gulzar, J., &
Ullah, A. (2022). The Chances of Infertility in a Patient Presenting with
PCOS in Childbearing Age. Saudi J Med, 7(1), 15-21.

25. Lerner, A., Kewada, D., Ahmed, A., Hardy, K., Christian, M., &
Franks, S. (2020). Androgen reduces mitochondrial respiration in mouse
brown adipocytes: a model for disordered energy balance in polycystic
ovary syndrome. International Journal of Molecular Sciences, 22(1), 243.
26. Witwit, S. J. (2019). The Prevalence of Polycystic Ovarian Syndrome
and It’s Associated Symptoms in Selected Samples of Women in Al-Hilla
City, Irag. Indian Journal of Public Health Research & Development,
10(8).

27. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop
Group. (2004). Revised 2003 consensus on diagnostic criteria and long-
term health risks related to polycystic ovary syndrome (PCOS). Human
reproduction , 19 (1), 41-47.

28. Woodward, A., Klonizakis, M., & Broom, D. (2020). Exercise and
polycystic ovary syndrome. Physical Exercise for Human Health, 123-
136.

29. Allahbadia, G. N., & Merchant, R. (2011). Polycystic ovary
syndrome and impact on health. Middle East Fertility Society Journal,
16(1), 19-37.

30. Anastasiia, M. (2019). Female reproductive system, the uterus and
ovaries scheme, polycystic ovary syndrome, ovarian cyst. News medical

life sciences. https://www.news-medical.net/health/Polycystic-Ovary-

Syndrome-and-Metabolic-Syndrome.aspx 31.

Advani, K., Batra, M., Tajpuriya, S., Gupta, R., Saraswat, A., Nagar, H.
D., ... & Kamdi, S. (2020). Efficacy of combination therapy of inositols,

antioxidants and vitamins in obese and non-obese women with polycystic

111


https://www.news-medical.net/health/Polycystic-Ovary-Syndrome-and-Metabolic-Syndrome.aspx
https://www.news-medical.net/health/Polycystic-Ovary-Syndrome-and-Metabolic-Syndrome.aspx

References

ovary syndrome: an observational study. Journal of Obstetrics and
Gynaecology, 40(1), 96-101.

32. Halimova, Z. Y., Narimova, G. J., Jabborova, G. M., & Mirsaidova,
U. A. (2019, May). Case of Pituitary corticotropinoma-from PCOS to
obvious Cushing. In Endocrine Abstracts (\VVol. 63). Bioscientifica.

33. Paschou, S. A., Palioura, E., loannidis, D., Anagnostis, P.,
Panagiotakou, A., Loi, V., ... & Vryonidou, A. (2017). Adrenal
hyperandrogenism does not deteriorate insulin resistance and lipid profile
in women with PCOS. Endocrine connections, 6(8), 601-606.

34. Ho, CW, Chen, HH, Hsieh, MC, Chen, CC, Hsu, SP, Yip, HT, & Kao,
CH (2020). Increased risk of polycystic ovary syndrome and It's
comorbidities in women with autoimmune thyroid disease. International
journal of environmental research and public health , 17 (7), 2422.  35.
Singla, R., Gupta, Y., Khemani, M., & Aggarwal, S. (2015). Thyroid
disorders and polycystic ovary syndrome: An emerging relationship.
Indian journal of endocrinology and metabolism, 19(1), 25. 36. Morin-
Papunen, L. C., Duleba, A. J., Bloigu, A., Jarvelin, M. R., Saikku, P., &
Pouta, A. (2010). Chlamydia antibodies and self-reported symptoms of
oligo-amenorrhea and hirsutism: A new etiologic factor in polycystic
ovary syndrome?. Fertility and sterility, 94(5), 1799-1804.

37. Muirhead, R., Kizirian, N., Lal, R., Black, K., Prys-Davies, A.,
Nassar, N., ... & Gordon, A. (2021). A pilot randomized controlled trial
of a partial meal replacement preconception weight loss program for
women with overweight and obesity. Nutrients, 13(9), 3200.

38. Verma, D., Wood, J., Lach, G., Herzog, H., Sperk, G., & Tasan, R.
(2016). Hunger promotes fear extinction by activation of an amygdala
microcircuit. Neuropsychopharmacology , 41 (2), 431-439.

112



References

39. World Health Organization (WHO). (2000). World Health
Organization Obesity: preventing and managing the global epidemic.
Report of a WHO consultation WHO Technical Report Series , 894.

40. Makhmadaliyeva, M. R., & Gzgzyan, A. M. (2020). Current views
on overweight and obesity influence on assisted reproductive technology
data. Journal of obstetrics and women's diseases, 69(4), 51-59.

41. Nikokavoura, E. A., Johnston, K. L., Broom, J., Wrieden, W. L., &
Rolland, C. (2015). Weight loss for women with and without polycystic
ovary syndrome following a very low-calorie diet in a community-based
setting with trained facilitators for 12 weeks. Diabetes, Metabolic
Syndrome and Obesity: targets and therapy, 8, 495.

42. Hassab, ZS, Al-Musawi, BJ, & Almohaidi, AMS (2021). Evaluation
Hormonal State in Iraqi Infertility Females Under In-Vitro Fertilization
Program. Indian Journal of Forensic Medicine & Toxicology , 15 (4).
43. Vinals Gonzalez, X., Odia, R., Naja, R., Serhal, P., Saab, W.,
Seshadri, S., & Ben-Nagi, J. (2019). Euploid blastocysts implant
irrespective of their morphology after NGS-(PGT-A) testing in advanced
maternal age patients. Journal of assisted reproduction and genetics,
36(8), 1623-1629.

44. Eapen, A., Hayes, E. T., McQueen, D. B., Beestrum, M., Ten Eyck,
P., & Boots, C. (2021). Mean differences in maternal body mass index
and recurrent pregnancy loss: a systematic review and meta-analysis of
observational studies. Fertility and sterility, 116(5), 1341-1348.

45. Zhang, X. Y., Son, W. Y., Holzer, H. M. D., Tan, S. L., & Ao, A.
(2008). Effect of maternal age on the pregnancy rate of patients with
repeated implantation failure and recurrent miscarriage following PGS.
Fertility and Sterility, 90, S310-S311.

113



References

46. Munir, A., Qureshi, A. I, Rasheed, T., Shafi, S., Gul, P. I., & Tahir,
U. A. (2022). Recurrent Miscarriages in Advance Maternal Age (> 35
Years). Pakistan Journal of Medical & Health Sciences, 16(02), 247-247.
47. Talaulikar, V. (2022). Recurrent First Trimester Miscarriage: A
Typical Case Presentation and Evidence-Based Management Review.
Journal of Clinical Gynecology and Obstetrics.

48. Awartani, K. A., & Al Shabibi, M. S. (2018). Description of
cytogenetic abnormalities and the pregnancy outcomes of couples with
recurrent pregnancy loss in a tertiary-care center in Saudi Arabia. Saudi
Medical Journal, 39(3), 239.

49. Whitney,E.(2007).Nutrition for health and care .Cengage
Learning.p.142-143.

50. Mustafa, M. A., & AL-Samarraie, M. Q. (2020). Secondary
menopause and its relationship to hormonal levels among women at
Salah Al-Din Hospital. European Journal of Molecular & Clinical
Medicine, 7(09), 96-104.

51. Ehterami, A., Khastar, H., Soleimannejad, M., Salehi, M.,
Nazarnezhad, S., Majidi Ghatar, J., ... & Shariatifar, N. (2021). Bone
regeneration in rat using polycaprolactone/gelatin/epinephrine scaffold.
Drug Development and Industrial Pharmacy, 47(12), 1915-1923.

52. Habbema, J. D. F., Eijkemans, M. J., Leridon, H., & te Velde, E. R.
(2015). Realizing a desired family size: when should couples start?.
Human Reproduction, 30(9), 2215-2221.

53. Garcia, D., Brazal, S., Rodriguez, A., Prat, A., & Vassena, R. (2018).
Knowledge of age-related fertility decline in women: A systematic
review. European Journal of Obstetrics & Gynecology and Reproductive
Biology, 230, 109-118.

114



References

54. Baskind, N. E., & Balen, A. H. (2016). Hypothalamic—pituitary,
ovarian and adrenal contributions to polycystic ovary syndrome. Best
Practice & Research Clinical Obstetrics & Gynaecology, 37, 80-97.

55. Ezcurra, D., & Humaidan, P. (2014). A review of luteinising hormone
and human chorionic gonadotropin when used in assisted reproductive
technology. Reproductive Biology and Endocrinology, 12(1), 1-12.

56. Ortiz-Flores, A. E., Luque-Ramirez, M., & Escobar-Morreale, H. F.
(2019). Polycystic ovary syndrome in adult women. Medicina Clinica
(English Edition), 152(11), 450-457.

57. Hidalgo-Lopez, E., Mueller, K., Harris, T., Aichhorn, M., Sacher,
J., & Pletzer, B. (2020). Human menstrual cycle variation in subcortical
functional brain connectivity: a multimodal analysis approach. Brain
Structure and Function, 225(2), 591-605.

58. Slominski, T., Fugleberg, A., Christensen, WM, Buncher, JB, &
Momsen, JL (2020). Using framing as a lens to understand context effects
on expert reasoning. CBE—L.ife Sciences Education, 19 (3), ar48. ?

59. Abdelmgeed, A., & Ali, T. M. (2018). Sex Hormone Abnormalities
in Epileptic Saudi Women. AUMJ, 5(1), 27-34.

60. Lee, JH, & Marcus, DC (2002). Nongenomic effects of
corticosteroids onion transport by stria vascularis. Audiology and
Neurotology , 7 (2), 100-106.

61. Dahdouh, E. M., Zreik, T. G., Ghaname, W., Garcia-Velasco, J. A.,
& Balayla, J. (2022). Prevention of multiple pregnancies in
gonadotropin-insemination cycles. Current Opinion in Obstetrics and
Gynecology, 34(3), 101-106.

62. Lapthorn, A., Harris, D. C., Littlejohn, A., Lustbader, J. W., Canfield,
R. E., Machin, K. J., ... & Isaacs, N. W. (1994). Crystal structure of
human chorionic gonadotropin. Nature, 369(6480), 455-461.

115



References

63. Wu, H., Lustbader, J. W., Liu, Y., Canfield, R. E., & Hendrickson,
W. A. (1994). Structure of human chorionic gonadotropin at 2.6 A
resolution from MAD analysis of the selenomethionyl protein. Structure,
2(6), 545-558.

64. Bioscience.(2006).LH-RH.human.[Photographl].
https://www.adoog.com/Ih-rh-human.html

65. Coss, D., Jacobs, S. B., Bender, C. E., & Mellon, P. L. (2004). A

novel AP-1 site is critical for maximal induction of the follicle-

stimulating hormone 3 gene by gonadotropin-releasing hormone. Journal
of Biological Chemistry, 279(1), 152-162.

66. Fujii, S., Sato, S., Fukui, A., Kimura, H., Kasai, G., & Saito, Y.
(2001). Continuous administration of gonadotrophin-releasing hormone
agonist during the luteal phase in IVF. Human Reproduction, 16(8),
1671-1675.

67. Gingold, JA, Lee, JA, Whitehouse, MC, Rodriguez-Purata, J.,
Sandler, B., Grunfeld, L., ... & Copperman, AB (2015). Maximum basal
FSH predicts reproductive outcomes better than cycle - specific basal
FSH levels: waiting for a "better” month conveys limited retrieval
benefits.

68. Randolph Jr, J. F., Sowers, M., Bondarenko, I. V., Harlow, S. D.,
Luborsky, J. L., & Little, R. J. (2004). Change in estradiol and follicle-
stimulating hormone across the early menopausal transition: effects of
ethnicity and age. The Journal of Clinical Endocrinology & Metabolism,
89(4), 1555-1561.

69. Chateau, D., Geiger, JM, Samama, B., & Boehm, N. (1996). Vaginal
keratinization during the estrous cycle in rats: a model for evaluating

retinoid activity. Skin Pharmacology and Physiology , 9 (1), 9-16.

116


https://www.adooq.com/lh-rh-human.html

References

70. Rastrelli, G., Corona, G., Mannucci, E., & Maggi, M. (2014). Factors
affecting spermatogenesis upon gonadotropin-replacement therapy: a
meta-analytic study. Andrology , 2 (6), 794-808.

71. Watkins, P. C., EDDY, R., BECK, A. K., VELLUCCI, V.,
LEVERONE, B., TANZI, R. E., ... & SHOWS, T. B. (1987). DNA
sequence and regional assignment of the human follicle-stimulating
hormone B-subunit gene to the short arm of human chromosome 11. Dna,
6(3), 205-212.

72. Ryan, R. J., Jiang, N. S., & Hanlon, S. (1971). Physical properties of
human follicle-stimulating hormone. Biochemistry, 10(8), 1321-1330.
73. Bioworld.(n.d.).Human  Follicle  Stimulating  Hormone

(Recombinant).[photograph]. https://www.bio-world.com/recombinant-

proteins/human-follicle-stimu-%20lating-hormone-recombinant-p-
22060329
74. Andersen, C. Y., Westergaard, L. G., & van Wely, M. (2004). FSH

isoform composition of commercial gonadotrophin preparations: a

neglected aspect?. Reproductive biomedicine online, 9(2), 231-236.

75. Jukic, A. M. (2020). Challenges and future directions in menstrual
cycle research. Paediatric and perinatal epidemiology, 34(3), 328.

76. De Sanctis, V., Rigon, F., Bernasconi, S., Bianchin, L., Bona, G.,
Bozzola, M., ... & Perissinotto, E. (2019). Age at menarche and menstrual
abnormalities in adolescence: does it matter? The evidence from a large
survey among Italian secondary schoolgirls. The Indian Journal of
Pediatrics, 86(1), 34-41.

77. Messinis, IE, Messini, Cl, & Dafopoulos, K. (2014). Novel aspects
of the endocrinology of the menstrual cycle. Reproductive biomedicine
online , 28 (6), 714-722. 7

78. Ramasamy, R., Bakircioglu, ME, Cengiz, C., Karaca, E., Scovell, J.,
Jhangiani, S. N., ... & Lamb, DJ (2015). Whole-exome sequencing

117


https://www.bio-world.com/recombinant-proteins/human-follicle-stimu-%20lating-hormone-recombinant-p-22060329
https://www.bio-world.com/recombinant-proteins/human-follicle-stimu-%20lating-hormone-recombinant-p-22060329
https://www.bio-world.com/recombinant-proteins/human-follicle-stimu-%20lating-hormone-recombinant-p-22060329

References

identifies novel homozygous mutation in NPAS2 in family with
nonobstructive azoospermia. Fertility and sterility , 104 (2), 286-291. ?
79. Allaway, HCM, Chizen, DR, Adams, GP, & Pierson, RA (2017).
Effects of a single 20 mg dose of letrozole on ovarian function post
dominant follicle selection: an exploratory randomized controlled trial.
Journal of Ovarian Research , 10 (1), 1-11.

80. Broer, S. L., Eijkemans, M. J. C., Scheffer, G. J., Van Rooij, I. A.
J.,de Vet, A., Themmen, A.P. N., ... & Broekmans, F. J. M. (2011). Anti-
Millerian hormone predicts menopause: a long-term follow-up study in
normoovulatory women. The Journal of Clinical Endocrinology &
Metabolism, 96(8), 2532-2539.

81. Holt, EH, & Peery, HE (2010). Basic medical endocrinology .
Academic Press.

82. Callard, G. V., Tarrant, A. M., Novillo, A., Yacci, P., Ciaccia, L.,
Vajda, S., ... & Cotter, K. A. (2011). Evolutionary origins of the estrogen
signaling system: insights from amphioxus. The Journal of steroid
biochemistry and molecular biology, 127(3-5), 176-188.

83. Coad, J., Pedley, K., & Dunstall, M. (2019). Anatomy and
physiology for midwives e-book. Elsevier Health Sciences.

84. Kadasi, A., Sirotkin, A. V., Maruniakova, N., Nath, S., & Kolesarova,
A. (2021). The effect of rapamycin on secretory activity of the rabbit
ovarian fragments. Journal of Microbiology, Biotechnology and Food
Sciences, 2021, 488-497.

85. Dyer, J. G. (Ed.). (2013). Anatomy and Physiology Made Incredibly
Visual! (Vol. 2). Lippincott Williams & Wilkins. 86. Hess,
R. A. (2003). Estrogen in the adult male reproductive tract: a review.
Reproductive Biology and Endocrinology, 1(1), 1-14.

118



References

87. Ghosh, D., Syamal, A. K., & Ghosh, S. (2021). Role of estrogens in
immunoendocrine regulations of male reproduction. Chemical Biology
Letters, 8(4), 248-256.

88. Bondesson, M., Hao, R., Lin, C. Y., Williams, C., & Gustafsson, J.
A. (2015). Estrogen receptor signaling during vertebrate development.
Biochimica et Biophysica Acta (BBA)-Gene Regulatory Mechanisms,
1849(2), 142-151.

89. Hammond, K. R. (2002). Meniru GI Cambridge guide to infertility
management and assisted reproduction. Cambridge, United Kingdom:
Cambridge University Press, 2001: 1-276. $47.95. Fertility and Sterility,
78(2), 445.

90. Jaiganesh Ramamurthy.(2015).shows the structure of Estrogen.[
Photograph]. https://www.researchgate.net/figure/shows-the-structure-
of-Estrogen_fig2 282314556

91. Wilcox, A. J. (2010). Fertility and Pregnancy: An Epidemiologic

Perspective. Oxford: Oxford University Press.

92. EGBAGBA, A.0O. (2016). ASSESSMENT OF SERUM, FOLLICLE
STIMULATING  HORMONE, LUTEINIZING HORMONE,
OESTRADIOL, PROGESTERONE, PROLACTIN, AND URINARY
FOLLICLE STIMULATING HORMONE AND LUTEINIZING
HORMONE IN WOMEN PRESENTING IN WITH BENFERTILITY.
Faculty of Pathology.

93. Bickerstaff, H., & C. Kenny, L. (2017). Gynaecology by Ten
Teachers . CRC Press. ?

94. Spencer, T. E., Johnson, G. A., Burghardt, R. C., & Bazer, F. W.
(2004). Progesterone and placental hormone actions on the uterus:

insights from domestic animals. Biology of reproduction, 71(1), 2-10.

119


https://www.researchgate.net/figure/shows-the-structure-of-Estrogen_fig2_282314556
https://www.researchgate.net/figure/shows-the-structure-of-Estrogen_fig2_282314556

References

95. Godbole, G., Joshi, A. R., & Vaidya, S. M. (2016). Effect of female
sex hormones on cardiorespiratory parameters. Journal of family
medicine and primary care, 5(4), 822.

96. Laurie Ray, DNP.(2019).Progesterona.  [Photography].
https://helloclue.com/articles/cycle-a-z/progesterone-101

97. Olooto, W. E., Adeleye, A. O., Amballi, A. A., & Mosuro, A. O.

(2012). Pattern of reproductive hormones (follicle stimulating hormone,

luteinizing hormone, estradiol, progesterone, and prolactin) levels in
infertile women in Sagamu South Western Nigeria. Der Pharmacia
Lettre, 4(2), 549-553.

98. Gerlo, S., Davis, J. R., Mager, D. L., & Kooijman, R. (2006).
Prolactin in man: a tale of two promoters. Bioessays, 28(10), 1051-1055.
99. Fahie-Wilson, M. N., John, R., & Ellis, A. R. (2005). Macroprolactin;
high molecular mass forms of circulating prolactin. Annals of clinical
biochemistry, 42(3), 175-192.

100. Mortini, P., Nocera, G., Roncelli, F., Losa, M., Formenti, A. M., &
Giustina, A. (2020). The optimal numerosity of the referral population of
pituitary tumors centers of excellence (PTCOE): A surgical perspective.
Reviews in Endocrine and Metabolic Disorders, 21(4), 527-536.

101. Ekwempu, C. C., Ekwempu, I. A., Adinoyi, A. D., Gofwen, D.,
Surajudeen, A. J., & Okonkwo, P. O. (2017). Relevance of Serum
LH/FSH/Prolactin and Anti Mullerian Hormone Estimation in Invitro
Fertilization.

102. Isong, I., Okhormhe, Z., Eze-Bassey, I., Okpokam, D., & Usoro, C.
(2016). Levels of prolactin, progesterone, estradiol, luteinizing hormone
and follicle stimulating hormone in infertile women in Calabar, Nigeria.
International Journal of Reproduction, Contraception,

Obstetrics and Gynecology, 5(3), 804.

120


https://helloclue.com/articles/cycle-a-z/progesterone-101

References

103. di Filippo, L., Doga, M., Resmini, E., & Giustina, A. (2020).
Hyperprolactinemia and bone. Pituitary, 23(3), 314-321.

104. Donato Jr, J., & Frazdo, R. (2016). Interactions between prolactin
and kisspeptin to control reproduction. Archives of Endocrinology and
Metabolism, 60, 587-595.

105. Kaiser, U. B. (2012). Hyperprolactinemia and infertility: new
insights. The Journal of clinical investigation, 122(10), 3467-3468.

106. Marrag, I., Hajji, K., Braham, M. Y., Dhifallah, M., & Nasr, M.
(2015). Antipsychotics and hyperprolactinemia: prevalence and risk
factors. Ann Psychiatry Ment Health, 3(6), 1047.

107. Health Jade Team.(n.d.). prolactin hormone function prolactin
blood test & normal prolactin levels.[Photograph].

https://healthjade.net/prolactin/

108. Huang, G., & Basaria, S. (2018). Do anabolic-androgenic steroids
have performance-enhancing effects in female athletes?. Molecular and
cellular endocrinology, 464, 56-64.

109. Labrie, F., Martel, C., Belanger, A., & Pelletier, G. (2017).
Androgens in women are essentially made from DHEA in each peripheral
tissue according to intracrinology. The Journal of steroid biochemistry
and molecular biology, 168, 9-18.

110. Reed, B. G., Nemer, L. B., & Carr, B. R. (2016). Has testosterone
passed the test in premenopausal women with low libido? A systematic
review. International Journal of Women's Health, 8, 599.

111. Al-Rubiay, TSJ (2014). Investigation mutations of sex hormones
binding globulin (SHBG) gene and androgens levels in Iragi women
effected with polycystic ovary syndrome (PCOS) A thesis. Baghdad,
Irag: University of Baghdad.

112. Burtis, C. A. (Ed.). (1999). Tietz textbook of clinical chemistry.

Saunders.

121


https://healthjade.net/prolactin/

References

113. Shea, J. L., Wong, P. Y., & Chen, Y. (2014). Free testosterone:
clinical utility and important analytical aspects of measurement.
Advances in clinical chemistry, 63, 59-84.

114. Jassim, T. S., & AlFaisal, A. H. M. (2020). Large Deletion of Sex
Hormones Binding Globulin-SHBG Gene in lIragi Women with
Polycystic Ovary Syndrome-PCOS. Iragi journal of biotechnology,
3(19).

115. Haddad, NI, Nori, E., & Hamza, SA (2018). Correlations of Serum
Chemerin and Visfatin with other Biochemical Parameters in lraqi
Individuals with Metabolic Syndrome and Type Two Diabetes Mellitus.
Jordan J Biol Sci, 11 (4), 4369.

116. Ciocca, G., Limoncin, E., Carosa, E., Di Sante, S., Gravina, GL,
Mollaioli, D., ... & Jannini, EA (2016). Is testosterone a food for the
brain? Sex Med Rev 4 (1): 15-25.

117. Wong, JS, & Gravel, J. (2018). Do sex offenders have higher levels
of testosterone? Results from a meta-analysis. Sexual Abuse , 30 (2), 147-
168.

118. Asgharzade, S., Rafieian-Kopaei, M., Mirzaeian, A., Reiisi, S., &
Salimzadeh, L. (2015). Aloe vera toxic effects: expression of inducible
nitric oxide synthase (iNOS) in testis of Wistar rat. Iranian journal of
basic medical sciences, 18(10), 967.

119. Craig, J. R., Jenkins, T. G., Carrell, D. T., & Hotaling, J. M. (2017).
Obesity, male infertility, and the sperm epigenome. Fertility and sterility,
107(4), 848-859.

120. Mubarak, ZM, & wahab Maarouf, 1A (2018). Study of follistatin
and sex hormones level in women with polycystic ovarian syndrome in
Baghdad. Tikrit Journal of Pure Science , 23 (4), 1-6.

122



References

121. Amer  Almaiman.(2018).The  chemical  structure  of

testosterone.[Photograph]. https://www.researchgate.net/figure/The-

chemical-structure-of- testosterone figl 323392813
122. Al-Obaidy, E. N. J., & Al-Samarrai, A. M. H. (2017). Relationship

of Inhibin-B with Gonadal Hormones Levels in Seminal Plasma of

Infertile Patients in Diyala Governorate. Iraqi Journal of Embryos and
Infertility Researches, 7(1).

123. Kumanov, P., Nandipati, K., Tomova, A., & Agarwal, A. (2006).
Inhibin B is a better marker of spermatogenesis than other hormones in
the evaluation of male factor infertility. Fertility and sterility , 86 (2),
332-338.

124.Tung, S., & Ozkan, B. (2021). Analysis of New Biomarkers for the
Diagnosis of Polycystic Ovary Syndrome in Adolescents. Journal of
Current Pediatrics/Guncel Pediatri, 19(3).

125. Wijayarathna, R. D., & De Kretser, D. M. (2016). Activins in
reproductive biology and beyond. Human reproduction update, 22(3),
342-357.

126. de Kretser, D. M., Hedger, M. P., Loveland, K. L., & Phillips, D. J.
(2002). Inhibins, activins and follistatin in reproduction. Human
reproduction update, 8(6), 529-541.

127. Hohmann, FP, Laven, JS, de Jong, FH, & Fauser, BC (2005).
Relationship between inhibin A and B, estradiol and follicle growth
dynamics during ovarian stimulation in normo-ovulatory women.
European journal of endocrinology , 152 (3), 395-401.

128. Hassan, H. H., & Nasif, S. M. G. A. S. (2020). Study of a Hormonal
Assay in PCOS Patients with Type 2 DM and their Correlation with
Inhibin B. Jinu. M, Thankamma. P. George, NA Balaram, Sujisha. SS 2.
Profile of Burn Deaths: A Study Based on Postmortem Examination of
Burn Cases at RNT, 20(3), 441.

123


https://www.researchgate.net/figure/The-chemical-structure-of-%20%20%20testosterone_fig1_323392813
https://www.researchgate.net/figure/The-chemical-structure-of-%20%20%20testosterone_fig1_323392813

References

129. Hall, J. E. (2015). Endocrinology of the menopause. Endocrinology
and Metabolism Clinics, 44(3), 485-496.

130. Chemical Book.(n.d.).BETA-INHIBIN (67-94).structure.
https://www.chemicalbook.com/ChemicalProductProperty EN_CB938
1061.htm

131. Vanttinen, T., Liu, J., Hyden-Granskog, C., Parviainen, M., Penttila,
I., Voutilainen, R., & Voutilainen, R. (2000). Regulation of

immunoreactive inhibin A and B secretion in cultured human granulosa-

luteal cells by gonadotropins, activin A and insulin-like growth factor
type-1 receptor. Journal of endocrinology , 167 (2), 289-294.

132. Padmanabhan, V., & Cardoso, RC (2020). Neuroendocrine,
autocrine, and paracrine control of follicle-stimulating hormone
secretion. Molecular and cellular endocrinology , 500 , 110632.

133. Mandang, S., Manuelpillai, U., & Wallace, E. M. (2007). Oxidative
stress increases placental and endothelial cell activin A secretion. Journal
of endocrinology, 192(3), 485-493.

134. Muttukrishna, S. H. A. N. T. H. |, Fowler, P. A., George, L. Y. N.
N. E., Groome, N. P., & Knight, P. G. (1996). Changes in peripheral
serum levels of total activin A during the human menstrual cycle and
pregnancy. The Journal of Clinical Endocrinology & Metabolism, 81(9),
3328-3334.

135. Bearfield, C., Jauniaux, E., Groome, N., Sargent, I. L., &
Muttukrishna, S. (2005). The secretion and effect of inhibin A, activin A
and follistatin on first-trimester trophoblasts in vitro. European journal of
endocrinology, 152(6), 909-916.

136. Tarca, A. L., Romero, R., Benshalom-Tirosh, N., Than, N. G.,
Gudicha, D. W., Done, B., ... & Erez, O. (2019). The prediction of early
preeclampsia: Results from a longitudinal proteomics study. PloS one,
14(6), e0217273.

124


https://www.chemicalbook.com/ChemicalProductProperty_EN_CB9381061.htm
https://www.chemicalbook.com/ChemicalProductProperty_EN_CB9381061.htm

References

137. Salem, D., Obaia, E., Abd El Aziz, G., & El Abedeen, E. (2011).
Oxidative Stress Increases Activin A Secretion in Pregnancy
Hypertensive States. Bulletin of Egyptian Society for Physiological
Sciences, 31(1), 195-210.

138. Senapati, S., Sammel, MD, Butts, SF, Takacs, P., Chung, K., &
Barnhart, KT (2016). Predicting first trimester pregnancy outcome:
derivation of a multiple marker test. Fertility and sterility , 106 (7), 1725-
1732,

139. Vana, H., & Thunga, S. (2012). A comparison between serum
inhibin A levels in pre-eclampsia and normotensive pregnancy. Int J
Pharm, 3(3), 147-151.

140. Daponte, A., Deligeoroglou, E., Garas, A., Pournaras, S.,
Hadjichristodoulou, C., & Messinis, I. E. (2013). Activin A and follistatin
as biomarkers for ectopic pregnancy and missed abortion. Disease
markers, 35(5), 497-503.

141. ChemicalBook.(2021).Human ACTIVIN A | 1381885-28-
4.[Photograph].

https://m.chemicalbook.com/ChemicalProductProperty EN_CB748058
4.htm

142. Mason, A. J. (1994). Functional analysis of the cysteine residues of
activin A. Molecular endocrinology, 8(3), 325-332.

143. Popovics, P., Rekasi, Z., Stewart, A. J., & Kovacs, M. (2011).
Regulation of pituitary inhibin/activin subunits and follistatin gene
expression by GnRH in female rats. Journal of endocrinology, 210(1),
71.

144. Latres, E., Mastaitis, J., Fury, W., Miloscio, L., Trejos, J.,
Pangilinan, J., ... & Gromada, J. (2017). Activin A more prominently
regulates muscle mass in primates than does GDF8. Nature
communications, 8(1), 1-13.

125


https://m.chemicalbook.com/ChemicalProductProperty_EN_CB7480584.htm
https://m.chemicalbook.com/ChemicalProductProperty_EN_CB7480584.htm

References

145. SEMANTIC SCHOLAR.(2006).Schematic representation of
hypothalamic-pituitary-gonadal axis showing positive and negative
regulators of gonadotropin hormone gene expression.[Photograph].

https://www.semanticscholar.org/paper/Activin-induction-of-follicle-

stimulating-hormone-
Safwat/585c7256d3edb4d8fbc6342abd14b4a9666a8692/fiqure/l
146. Body mass index - BMI. (2019). WHO (World Health

Organization).int. [online] Available at:

http://www.euro.who.int/en/health-topics/diseaseprevention/nutrition/a-

healthy-lifestyle/body-mass-index-bmi
147. Almangushy, R. J., Lamia, A. M. A., & Bushra, A. (2014). Effects

of Hormonal and Non-hormonal Intrauterine Device Contraceptive on

Some Fertility Hormones in Women Sera. Int. J. Rec. Biotech, 2(2), 33-
39.

148. Osakue, N. O., Onyenekwe, C. C., Ahaneku, J. E., Igberase, G. O.,
Ikechebelu, J. I., & Alekwe, L. O. (2019). SERUM AMH, INHIBIN B,
FSH AND ESTRADIOL PROFILE IN WOMEN SEEKING
CONCEPTION THROUGH IN VITRO FERTILIZATION IN
NIGERIA. Journal of Health, Medicine and Nursing, 4(5), 23-34.

149. Han, X,, Gu, L., Xia, C., Feng, J., Cao, X., Du, X., ... & Song, T.
(2015). Effect of immunization against GnRH on hypothalamic and
testicular function in rams. Theriogenology, 83(4), 642-649.

150. Kawa, I. A., Fatima, Q., Mir, S. A., Jeelani, H., Manzoor, S., &
Rashid, F. (2021). Endocrine disrupting chemical Bisphenol A and its
potential effects on female health. Diabetes & Metabolic Syndrome:
Clinical Research & Reviews, 15(3), 803-811.

151. Muttukrishna, S., Child, T., Lockwood, G. M., Groome, N. P.,
Barlow, D. H., & Ledger, W. L. (2000). Serum concentrations of dimeric
inhibins, activin A, gonadotrophins and ovarian steroids during the

126


https://www.semanticscholar.org/paper/Activin-induction-of-follicle-stimulating-hormone-%20Safwat/585c7256d3edb4d8fbc6342abd14b4a9666a8692/figure/1
https://www.semanticscholar.org/paper/Activin-induction-of-follicle-stimulating-hormone-%20Safwat/585c7256d3edb4d8fbc6342abd14b4a9666a8692/figure/1
https://www.semanticscholar.org/paper/Activin-induction-of-follicle-stimulating-hormone-%20Safwat/585c7256d3edb4d8fbc6342abd14b4a9666a8692/figure/1
http://www.euro.who.int/en/health-topics/diseaseprevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/diseaseprevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi

References

menstrual cycle in older women. Human reproduction, 15(3), 549-556.

152. Yu, YH, & Zhang, SQ (2011, August). A study of outcomes
following intra-fascial hysterectomy with intact ascending uterine artery.
In Proceedings 2011 International Conference on Human Health and
Biomedical Engineering (pp. 998-1002). IEEE.

153. Amer, S. A,, Ledger, W. L., & Li, T. C. (2007). Reply: Effect of
laparoscopic ovarian diathermy on circulating inhibin B in women with
anovulatory polycystic ovary syndrome. Human reproduction, 22(7),
2073-2074.

154. Adu-Gyamfi, E. A., Djankpa, F. T., Nelson, W., Czika, A., Sah, S.
K., Lamptey, J., ... & Wang, Y. X. (2020). Activin and inhibin signaling:
From regulation of physiology to involvement in the pathology of the
female reproductive system. Cytokine, 133, 155105.

155. Refaat, B., & Bahathiq, A. O. (2020). The performances of serum
activins and follistatin in the diagnosis of ectopic pregnancy: A
prospective case-control study. Clinica Chimica Acta, 500, 69-74.

156. Saghafi, F., GeliniMoghadam, T., & Moradi, S. (2020). Diagnostic
Value of Serum Levels of Vascular Endothelial Growth Factor as a
Marker of Tubal Pregnancy. Journal of Mazandaran University of
Medical Sciences, 29(182), 21-30.

157. Naji, N. A., & Tahrr, G. N. (2015). The effect of Activin A and
Steroid Hormones on the Recurrent and single Abortion. Tikrit Journal
of Pure Science, 20(5).

158. Nakano, H., Kinoshita, K., Ishii, K., Shibai, H., & Asashima, M.
(1990). Activities of Mesoderm-Inducing Factors Secreted by
Mammalian Cells in Culture 1: (mesoderm-induction/activin
A/EDF/TGF-B family/embryonic induction). Development, growth &
differentiation , 32 (2), 165-170.

127



References

159. Xia, Y., & Schneyer, A. L. (2009). The biology of activin: recent
advances in structure, regulation and function. The Journal of
endocrinology, 202(1), 1.

160. Eldar-Geva, T., Spitz, I. M., Groome, N. P., Margalioth, E. J., &
Homburg, R. (2001). Follistatin and activin A serum concentrations in
obese and non-obese patients with polycystic ovary syndrome. Human
reproduction, 16(12), 2552-2556.

161. Vale, W., Hsueh, A., Rivier, C., & Yu, J. (1990). The inhibin/activin
family of hormones and growth factors. In Peptide growth factors and
their receptors I (pp. 211-248). Springer, Berlin,
Heidelberg.

162. Revathi, R., & Julius, A. (2018). Effect of LH/FSH Ratio and its
Correlation with Insulin Resistance in PCOS Obese woman of
Reproductive age Group. Research Journal of Pharmacy and Technology,
11(6), 2217-2219.

163. Wu, Y., Robinson, N., Hardiman, PJ, Taw, MB, Zhou, J., Wang, FF,
& Qu, F. (2016). Acupuncture for treating polycystic ovary syndrome:
guidance for future randomized controlled trials. Journal of Zhejiang
University-Science B, 17 (3), 169-180.

164. Lecke, S. B., Mattei, F., Morsch, D. M., & Spritzer, P. M. (2011).
Abdominal subcutaneous fat gene expression and circulating levels of
leptin and adiponectin in polycystic ovary syndrome. Fertility and
sterility, 95(6), 2044-2049.

165. Cook, C. L., Siow, Y., Brenner, A. G., & Fallat, M. E. (2002).
Relationship between serum millerian-inhibiting substance and other
reproductive hormones in untreated women with polycystic ovary
syndrome and normal women. Fertility and sterility, 77(1), 141-146.
166. Carron, R., Simon, N., Gilman-Kehrer, E., & Boyle, D. K. (2018).
Improving rural nurse practitioner knowledge about polycystic ovary

128



References

syndrome through continuing education. The Journal of Continuing
Education in Nursing, 49(4), 164-170.

167. Cho, L. W., Jayagopal, V., Kilpatrick, E. S., Holding, S., & Atkin,
S. L. (2006). The LH/FSH ratio has little use in diagnosing polycystic
ovarian syndrome. Annals of clinical biochemistry, 43(3), 217-219.

168. Melgar, V., Espinosa, E., Sosa, E., Rangel, M. J., Cuenca, D.,
Ramirez, C., & Mercado, M. (2016). Current diagnosis and treatment of
hyperprolactinemia. Revista Médica del Instituto Mexicano del Seguro
Social, 54(1), 110-121.

169. Webster, J. (1999). Dopamine agonist therapy in
hyperprolactinemia. The Journal of reproductive medicine, 44(12 Suppl),
1105-1110.

170. Karasek, M., Pawlikowski, M., & Lewinski, A. (2006).
Hyperprolactinemia: causes, diagnosis, and treatment. Endokrynologia
Polska, 57(6), 656-662.

171. Zawadzki, JK (1992). Diagnostic criteria for polycystic ovary
syndrome (a rational approach). Polycystic ovary syndrome , 377-384. ?
172. Oyebanji, OG, Asaolu, MF, & Amonimo, EO (2018). Hormonal
Imbalance in Polycystic Ovarian Syndrome (Pcos) in Teaching Hospitals
in EKkiti State, Nigeria. Open Journal of Obstetrics and Gynecology , 8
(13), 1456-1464.

173. Tzingounis, V., Alperin, H., & Natrajan, P. (1978). Radiographic
Abnormalities in Patients with Stein-Leventhal Syndrome. International
Journal of Gynecology & Obstetrics, 16(2), 167-169.

174. Mohammad, M. B., & Seghinsara, A. M. (2017). Polycystic ovary
syndrome (PCQOS), diagnostic criteria, and AMH. Asian Pacific journal
of cancer prevention: APJCP, 18(1), 17.

175. Teoh, S. K., & Mello, N. K. (2012). Alcohol and Reproductive.
Alcohol and Hormones, 6, 261.

129



References

176. Keen, M. A., Shah, I. H., & Sheikh, G. (2017). Cutaneous
manifestations of polycystic ovary syndrome: A cross-sectional clinical
study. Indian dermatology online journal, 8(2), 104.

177. Coomarasamy, A., Devall, A. J., Brosens, J. J., Quenby, S.,
Stephenson, M. D., Sierra, S., ... & Gallos, I. D. (2020). Micronized
vaginal progesterone to prevent miscarriage: a critical evaluation of
randomized evidence. American journal of obstetrics and gynecology,
223(2), 167-176.

178. De Leo, V., Musacchio, M. C., Cappelli, V., Massaro, M. G.,
Morgante, G., & Petraglia, F. J. R. B. (2016). Genetic, hormonal and
metabolic aspects of PCOS: an update. Reproductive Biology and
Endocrinology, 14(1), 1-17.

179. Prossnitz, E. R., Arterburn, J. B., & Sklar, L. A. (2007). GPR30: AG
protein-coupled receptor for estrogen. Molecular and cellular
endocrinology, 265, 138-142.

180. Mehreen, T. S., Ranjani, H., Kamalesh, R., Ram, U., Anjana, R. M.,
& Mohan, V. (2021). Prevalence of polycystic ovarian syndrome among
adolescents and young women in India. Journal of Diabetology, 12(3),
319.

181. Krusko, O. V., Rashidova, M. A., Brichagina, A. S., Sharifulin, E.
M., & Belenkaya, L. V. (2021). Features of the Functional State of the
Hypophysis-Ovarian System and Processes of Lipid Peroxidation—
Antioxidant Protection in Women with Hyperandrogenism of Ovary
Genesis in the Early Reproductive Period. Acta Biomedica Scientifica,
5(6), 20-26.

182. Ruth, K. S., Day, F. R., Tyrrell, J., Thompson, D. J., Wood, A. R.,
Mahajan, A., ... & Perry, J. R. (2020). Using human genetics to
understand the disease impacts of testosterone in men and women. Nature
medicine, 26(2), 252-258.

130



References

183. Aljenaee, K., Ali, S., Cheah, S. K., MacEneaney, O., Mulligan, N.,
Hickey, N., ... & McDermott, J. H. (2017). Marked hyperandrogenicity
in a 60-year-old woman. Endocrinology, Diabetes & Metabolism Case
Reports, 2017(2).

184. Harper, J., Boivin, J., O’Neill, H. C., Brian, K., Dhingra, J., Dugdale,
G., ... & Balen, A. (2017). The need to improve fertility awareness.
Reproductive Biomedicine & Society Online, 4, 18-20.

185. Bazarganipour, F., Taghavi, SA, Montazeri, A., Ahmadi, F.,
Chaman, R., & Khosravi, A. (2015). The impact of polycystic ovary
syndrome on the health-related quality of life: A systematic review and
meta-analysis. Iranian journal of reproductive medicine , 13 (2), 61.
186. Malizia, B. A., Hacker, M. R., & Penzias, A. S. (2009). Cumulative
live-birth rates after in vitro fertilization. New England Journal of
Medicine, 360(3), 236-243.

187. Alsamarai, S., Adams, J. M., Murphy, M. K., Post, M. D., Hayden,
D. L., Hall, J. E., & Welt, C. K. (2009). Criteria for polycystic ovarian
morphology in polycystic ovary syndrome as a function of age. The
Journal of Clinical Endocrinology & Metabolism, 94(12), 4961-4970.
188. Fazli, D., & Moghaddasi, S. P. (2021). Correlations Between
Gonadotropin Hormones and the Manifestations of Polycystic Ovary
Syndrome. Thrita, (In Press).

189. Chinya, A., Ratan, S. K., Aggarwal, S. K., Garg, A., & Mishra, T.
K. (2017). Association of levels of serum inhibin b and follicle-
stimulating hormone with testicular vascularity, volume, and echotexture
in children with undescended testes. Journal of Indian Association of
Pediatric Surgeons, 22(1), 3.

190. Dragojevi¢ Diki¢, S., Vasiljevi¢, M., Jovanovi¢, A., Diki¢, S.,

JuriSi¢, A., Srbinovi¢, L., & Vujovi¢, S. (2020). Premature ovarian

131



References

insufficiency—novel hormonal approaches in optimizing fertility.
Gynecological Endocrinology, 36(2), 162-165.

191. Li, H. W. R., Anderson, R. A., Yeung, W. S. B., Ho, P. C., & Ng, E.
H. Y. (2011). Evaluation of serum antimullerian hormone and inhibin B
concentrations in the differential diagnosis of secondary
oligoamenorrhea. Fertility and Sterility, 96(3), 774-779.

192. Qiao, J., & Feng, H. L. (2011). Extra-and intra-ovarian factors in
polycystic ovary syndrome: impact on oocyte maturation and embryo
developmental competence. Human reproduction update, 17(1), 17-33.
193. Lv, X., Chen, J., He, J., Hou, L., Ren, Y., Shen, X, ... & Cai, X.
(2022). Gasdermin D—mediated pyroptosis suppresses liver regeneration
after 70% partial hepatectomy. Hepatology Communications.

194. Sulyok, S., Wankell, M., Alzheimer, C., & Werner, S. (2004).
Activin: an important regulator of wound repair, fibrosis, and
neuroprotection. Molecular and cellular endocrinology, 225(1-2), 127-
132.

195. Katulski, K., Czyzyk, A., Podfigurna-Stopa, A., Genazzani, AR, &
Meczekalski, B. (2015). Pregnancy complications in polycystic ovary
syndrome patients. Gynecological Endocrinology , 31 (2), 87-91.

196. Corrigan, AZ, Bilezikjian, LM, Carroll, RS, Bald, LN, Schmelzer,
CH, Fendly, BM, ... & Vale, W. (1991). Evidence for an autocrine role
of activin B within rat anterior pituitary cultures. Endocrinology , 128
(3), 1682-1684.

197. Norman, R. J., Milner, C. R., Groome, N. P., & Robertson, D. M.
(2001). Circulating follistatin concentrations are higher and activin
concentrations are lower in polycystic ovarian syndrome. Human
reproduction, 16(4), 668-672.

132



References

198. Shen, ZJ, Chen, XP, & Chen, YG (2005). Inhibin B, activin A, and
follistatin and the pathogenesis of polycystic ovary syndrome.
International journal of gynaecology and obstetrics , 88 (3), 336-337.
199. Luisi, S., Florio, P., D Antona, D., Severi, F. M., Sanseverino, F.,
Danero, S., & Petraglia, F. (2003). Maternal serum inhibin A levels are a
marker of a viable trophoblast in incomplete and complete miscarriage.
European journal of endocrinology, 148(2), 233-236.

200. Vindhiya Varshini, V., Vardhan, A., & Savitha, G. (2018).
INTERNATIONAL JOURNAL OF RESEARCH IN
PHARMACEUTICAL SCIENCES.

201. McCartney, C. R., Eagleson, C. A., & Marshall, J. C. (2002).
Regulation of gonadotropin secretion: implications for polycystic ovary
syndrome. In Seminars in reproductive medicine (Vol. 20, No. 04, pp.
317-326). Copyright© 2002 by Thieme Medical Publishers, Inc., 333
Seventh Avenue, New York, NY 10001, USA. Tel.:+ 1 (212) 584-4662.
202. Rao, P., & Bhide, P. (2020). Controversies in the diagnosis of
polycystic ovary syndrome. Therapeutic Advances in Reproductive
Health , 14 , 2633494120913032.

203. Weghofer, A., Margreiter, M., Fauster, Y., Schaetz, T., Brandstetter,
A., Boehm, D., & Feichtinger, W. (2005). Age-specific FSH levels as a
tool for appropriate patient counseling in assisted reproduction. Human
Reproduction , 20 (9), 2448-2452.

204. Palatnik, A., & Seidman, DS (2016). The Role of Gonadotropins in
Follicular Development and their Use in Ovulation Induction Protocols
for Assisted Reproduction. Manual of Ovulation Induction & Ovarian
Stimulation Protocols , 26 .

205. Morgan, T. M., & Case, L. D. (2013). Conservative sample size
determination for repeated measures analysis of covariance. Annals of

biometrics & biostatistics, 1(1).

133



References

206. Pinola, P. (2016). Hyperandrogenism, Menstrual Irregularities and
Polycystic Ovary Syndrome. Acta Universitatis Ouluensis. Disseration.
University of Oulu, Oulu.

207. Vroonen, L., Jaffrain-Rea, M. L., Petrossians, P., Tamagno, G.,
Chanson, P., Vilar, L., ... & Beckers, A. (2012). Prolactinomas resistant
to standard doses of cabergoline: a multicenter study of 92 patients.
European journal of endocrinology, 167.

208. El Hachem, H., Crepaux, V., May-Panloup, P., Descamps, P.,
Legendre, G., & Bouet, P. E. (2017). Recurrent pregnancy loss: current
perspectives. International journal of women's health, 9, 331.

209. Arredondo, F., & Noble, LS (2006, February). Endocrinology of
recurrent pregnancy loss. In Seminars in reproductive medicine (Vol. 24,
No. 01, pp. 033-039). Copyright© 2006 by Thieme Medical Publishers,
Inc., 333 Seventh Avenue, New York, NY 10001, USA.

210. Molitch, M. E. (2015). Endocrinology in pregnancy: management
of the pregnant patient with a prolactinoma. European journal of
endocrinology, 172(5), R205-R213.

211. Bahceci, M., Tuzcu, A., Bahceci, S., & Tuzcu, S. (2003). Is
hyperprolactinemia associated with insulin resistance in non-obese
patients with polycystic ovary syndrome?. Journal of endocrinological
investigation, 26(7), 655-659.

212. Mangalath, A. A., Alias, A., Sajith, M., Nimbargi, V., & Kumdale,
S. (2018). Sociodemographic characteristics and clinical presentation of
infertile women with polycystic ovary syndrome in a tertiary care
hospital. International Journal of Infertility & Fetal Medicine, 9(1), 14-
18.

213. AL-Mhana, N. M. (2011). Some Hormonal changes in Women With
Polycystic Ovary Syndrome (PCOS). Al-Mustansiriyah Journal of
Science, 22(6).

134



References

214. Edmonds, D. K. (Ed.). (2007). Dewhurst's textbook of obstetrics &
gynaecology (p. 534). Blackwell Pub.

215. Al-Hamdany, WAS, & Gaffar, MK (2019). A Comparison Effect of
Dysmenorrhea and Secondary Amenorrhea in the Concentration of Some
Biochemical and Some Hormones in Women in Tikrit City. Tikrit
Journal of Pure Science , 24 (2), 37-42.

216. Mohamed Mohamed Mostafa, M. (2018). The diagnostic and
prognostic utility of anti-Mullerian hormone (AMH) in predicting rates
of pregnancy success in female patients undergoing in vitro fertilization
(IVF).

217. De Bruin, J. P., Dorland, M., Spek, E. R., Posthuma, G., Van
Haaften, M., Looman, C. W. N., & Te Velde, E. R. (2004). Age-related
changes in the ultrastructure of the resting follicle pool in human ovaries.
Biology of reproduction, 70(2), 419-424.

218. Carmina, E., Rosato, F., Janni, A., Rizzo, M., & Longo, R. A.
(2006). Relative prevalence of different androgen excess disorders in 950
women referred because of clinical hyperandrogenism. The Journal of
Clinical Endocrinology & Metabolism, 91(1), 2-6.

219. Lebda, M., Gad, S., & Gaafar, H. (2014). Effects of lipoic acid on

acrylamide induced testicular damage. Materia socio-medica, 26(3), 208.

220. Benetti-Pinto, C. L., de Sa Rosa, A. C. J., Yela, D. A., & Junior, J.
M. S. (2017). Abnormal uterine bleeding. Revista Brasileira de
Ginecologia e Obstetricia/Rbgo Gynecology And Obstetrics, 39(07),
358-368.

221. Mayhbin, J. A., & Critchley, H. O. (2016). Medical management of
heavy menstrual bleeding. Women’s Health, 12(1), 27-34.

222. Fang, H., Tong, W., Shi, L. M., Blair, R., Perkins, R., Branham, W.,
... & Sheehan, D. M. (2001). Structure— activity relationships for a large

135



References

diverse set of natural, synthetic, and environmental estrogens. Chemical
research in toxicology, 14(3), 280-294.

223. Bunyan, H. A. (2020). The Relation between hormonal changes and
Polycystic Ovary Syndrome (PCOS). Annals of Tropical Medicine and
Public Health, 23, 23-1126.

224. Amin, A. H., Sherif, N., Askalani, A., & SaadAlla, S. (2021).
Comparative Study Between Ovarian Response Prediction Index Versus
Anti-Mdllerian Hormone, Antral Follicular Count as Predictors of
Ovarian Response in Women Undergoing IVF/ICSI Cycles. Evidence
Based Women's Health Journal, 11(2), 146-156.

225. Dura-Travé, T., & Gallinas-Victoriano, F. (2022). Hyper-
androgenemia and obesity in early-pubertal girls. Journal of
Endocrinological Investigation , 1-9.

226. Chhabra, S., McCartney, C. R., Yoo, R. Y., Eagleson, C. A., Chang,
R. J., & Marshall, J. C. (2005). Progesterone inhibition of the
hypothalamic gonadotropin-releasing hormone pulse generator: evidence
for varied effects in hyperandrogenemic adolescent girls. The Journal of
Clinical Endocrinology & Metabolism, 90(5), 2810-2815.

227. Shenta, A., Saud, K., & Al-Shawi, A. (2020). Assessment the
Correlations of Hormones, Lipid Profiles, Oxidative Stress, and Zinc
Concentration in Iragi Women with Polycystic Ovary Syndrome. Reports
of Biochemistry & Molecular Biology, 9(3), 270.

228. Hansen, K. R. (2013, November). Predicting reproductive age with
biomarkers of ovarian reserve—how (and what) are we measuring?. In
Seminars in reproductive medicine (Vol. 31, No. 06, pp. 416-426).
Thieme Medical Publishers.

229. Butler, L., & Santoro, N. (2011). The reproductive endocrinology of
the menopausal transition. Steroids, 76(7), 627-635.

136



References

230. Glister, C., Satchell, L., & Knight, PG (2010). Changes in
expression of bone morphogenetic proteins (BMPs), their receptors and
inhibin co-receptor betaglycan during bovine antral follicle development:
inhibin can antagonize the suppressive effect of BMPs on thecal
androgen production. Reproduction , 140 (5), 699 .

231. Abdollahi, L., Mirghafourvand, M., Kheyradin, J. B., &
Mohammadi, M. (2018). The effect of cognitive behavioral therapy on
depression and obesity in women with polycystic ovarian syndrome: a
randomized controlled clinical trial. Iranian Red Crescent Medical
Journal, 20(3).

232. Heidary, M., Yazdanpanahi, Z., Dabbaghmanesh, M. H.,,
Parsanezhad, M. E., Emamghoreishi, M., & Akbarzadeh, M. (2018).
Effect of chamomile capsule on lipid-and hormonal-related parameters
among women of reproductive age with polycystic ovary syndrome.
Journal of research in medical sciences: the official journal of Isfahan
University of Medical Sciences, 23.

233. Requena, A., Herrero, J., Landeras, J., Navarro, E., Neyro, J. L.,
Salvador, C., ... & Grafia-Barcia, M. (2008). Use of letrozole in assisted
reproduction: a systematic review and meta-analysis. Human
reproduction update, 14(6), 571-582.

234. Begawy, AF, EI-Mazny, AN, Abou-Salem, NA, & El-Taweel, NE
(2010). Anti-Miillerian hormone in polycystic ovary syndrome and
normo-ovulatory women: Correlation with clinical, hormonal and
ultrasonographic parameters. Middle East Fertility Society Journal , 15
(4), 253-258.

235. Loffler, S., Aust, G., Kéhler, U., & Spanel-Borowski, K. (2001).
Evidence of leptin expression in normal and polycystic human ovaries.
Molecular human reproduction, 7(12), 1143-1149.

137



References

236. Catli, G., Anik, A., Tuhan, H. U., Kume, T., Bober, E., & Abaci, A.
(2014). The relation of leptin and soluble leptin receptor levels with
metabolic and clinical parameters in obese and healthy children. Peptides
, 56, 72-76.

237. Jamil, A. S., Alalaf, S. K., Al-Tawil, N. G., & Al-Shawaf, T. (2016).
Comparison of clinical and hormonal characteristics among four
phenotypes of polycystic ovary syndrome based on the Rotterdam
criteria. Archives of gynecology and obstetrics, 293(2), 447-456.

238. Guyton, A. C. (1991). Female physiology before pregnancy and the
female hormones. Textbook of medical physiology , 899-914.

239. Goh, H. H., & Ratnam, S. S. (1990). Effect of estrogens on prolactin
secretion in transsexual subjects. Archives of sexual behavior, 19(5),
507-516.

240. Sedighe, E., Parvaneh, M., & Maryam, G. (2014). The serum
prolactin level in infertile women with polycystic ovary syndrome. J of
Babol University of Medical Sciences.,16(8):63-68.

241. Szosland, K., Pawlowicz, P., & Lewinski, A. (2015). Prolactin
secretion in polycystic ovary syndrome (PCOS). Neuroendocrinology
Letters, 36(1), 53-58.

242. Mayrhofer, D., Hager, M., Walch, K., Ghobrial, S., Rogenhofer, N.,
Marculescu, R., ... & Ott, J. (2020). The prevalence and impact of
polycystic ovary syndrome in recurrent miscarriage: a retrospective
cohort study and meta-analysis. Journal of clinical medicine, 9(9), 2700.
243. Gardner, DK, & Kelley, RL (2017). Impact of the IVF laboratory
environment on human preimplantation embryo phenotype. Journal of
developmental origins of health and disease , 8 (4), 418-435.

244. Pinola, P., Piltonen, T. T., Puurunen, J., Vanky, E., Sundstrom-
Poromaa, 1., Stener-Victorin, E., ... & Morin-Papunen, L. C. (2015).

Androgen profile through life in women with polycystic ovary syndrome:

138



References

a Nordic multicenter collaboration study. The Journal of Clinical
Endocrinology & Metabolism, 100(9), 3400-3407.

245. Forslund, M. (2020). Polycystic ovary syndrome in a lifetime
perspective.

246. Wild, S., Pierpoint, T., McKeigue, P., & Jacobs, H. (2000).
Cardiovascular disease in women with polycystic ovary syndrome at
long-term  follow-up: a retrospective cohort study. Clinical
endocrinology, 52(5), 595-600.

247. Meun, C., Franco, O. H., Dhana, K., Jaspers, L., Muka, T., Louwers,
Y., ... & Laven, J. S. (2018). High androgens in postmenopausal women
and the risk for atherosclerosis and cardiovascular disease: the Rotterdam
Study. The Journal of Clinical Endocrinology & Metabolism, 103(4),
1622-1630.

248. Al-Tu'ma, F., HadiFarhan, N., & Al-Safi, WG (2015). Association
between fat mass and obesity Genes9939609 polymorphism with PCOS
women in Iragi population. Ijppr. Human , 5 (1), 62-72.

249. Niepolski, L., & Grzegorzewska, A. E. (2016). Salusins and adropin:
new peptides potentially involved in lipid metabolism and
atherosclerosis. Advances in medical sciences, 61(2), 282-287.

250. Al-Nuaim, L. A. (2011). The impact of obesity on reproduction in
women. Saudi Med J, 32(10), 993-1002.

251. Sanchez-Ferrer, M. L., Adoamnei, E., Prieto-Sanchez, M. T.,
Mendiola, J., Corbalan-Biyang, S., Mofiino-Garcia, M., ... & Torres-
Cantero, A. M. (2020). Health-related quality of life in women with
polycystic ovary syndrome attending to a tertiary hospital in Southeastern
Spain: a case-control study. Health and quality of life outcomes, 18(1),
1-10.

252. ZongJi, S., Xiao-Ping, C., WanXiang, W., HongMei, L., & XinPing,
R. (2010). Correlation analysis of inhibin B, follistatin and activin A in

139



References

patients with polycystic ovary syndrome. Afr J Microbiol Res, 4, 1295-
1298.

253. Alnakash, A. H., & Al-Tae e, N. K. (2007). Polycystic ovarian
syndrome: the correlation between the LH/FSH ratio and disease
manifestations. Middle East Fertility Society Journal, 12(1), 35.

254. Ehrmann, D. A., Hoeger, K. M., Murad, M. H., & Pasquali, R.
(2021). Corrigendum to:*“Diagnosis and Treatment of Polycystic Ovary
Syndrome: An Endocrine Society Clinical Practice Guideline”. The
Journal of Clinical Endocrinology & Metabolism, 106(6), e2462.

255. Yetim, A., Yetim, C., Bas, F., Erol, O. B., C1g, G., Ugar, A., &
Darendeliler, F. (2016). Anti-millerian hormone and inhibin-a, but not
inhibin-b or insulin-like peptide-3, may be used as surrogates in the
diagnosis of polycystic ovary syndrome in adolescents: preliminary

results. Journal of clinical research in pediatric endocrinology, 8(3), 288.

256. Williams, R. M., Ong, K. K., & Dunger, D. B. (2013). Polycystic
ovarian syndrome during puberty and adolescence. Molecular and
Cellular Endocrinology, 373(1-2), 61-67.

257. Bellver, J., Rodriguez-Varela, C., Brandao, P., & Labarta, E. (2022).
Obese women exhibit reduced serum progesterone levels on the day of
embryo transfer in artificially prepared cycles involving administration

of wvaginal progesterone. Reproductive BioMedicine Online.

258. Moran, C., Arriaga, M., Arechavaleta-Velasco, F., & Moran, S.
(2015). Adrenal androgen excess and body mass index in polycystic
ovary syndrome. The Journal of Clinical Endocrinology & Metabolism,
100(3), 942-950.

140



References

259. Lim, S. S., Norman, R. J., Davies, M. J., & Moran, L. J. (2013). The
effect of obesity on polycystic ovary syndrome: a systematic review and
meta-analysis. Obesity Reviews, 14(2), 95-109.

260. Randolph Jr, J. F., Zheng, H., Sowers, M. R., Crandall, C.,
Crawford, S., Gold, E. B., & Vuga, M. (2011). Change in follicle-
stimulating hormone and estradiol across the menopausal transition:
effect of age at the final menstrual period. The Journal of Clinical
Endocrinology & Metabolism, 96(3), 746-754.

261. Franik, G., Madej, P., Guz-Lem, M., Owczarek, A., Chudek, J., &
Olszanecka-Glinianowicz, M. (2017). Daytime decrease of prolactin
levels is associated with PCOS regardless to nutritional status and other
hormones levels. Gynecological Endocrinology, 33(5), 336-341.

262. Dale, PO, Tanbo, T., Vaaler, S., & Abyholm, T. (1992). Body
weight, hyperinsulinemia, and gonadotropin levels in the polycystic
ovarian syndrome: evidence of two distinct populations. Fertility and
sterility , 58 (3), 487-491.

263. Wang, J. X., Davies, M. J., & Norman, R. J. (2002). Obesity
increases the risk of spontaneous abortion during infertility treatment.
Obesity research, 10(6), 551-554.

264. Lopes, P. H. S., Pacini, V. L., & Norberg, A. N. (2017). Genital
infection by gardnerella vaginalis and candida spp. Among women in
Nova Iguacu city, Rio de Janeiro Province, Brazil. Open Access Library
Journal, 4(3), 1-7.

265. Khalid, ZAW (2015). Study of the First Trimester pregnancy failure
in United Arab Emirates using Ultrasound (Doctoral dissertation, Sudan
University of Science and Technology).

266. Jamal, A., Milani, F., & Al-Yasin, A. (2012). Evaluation of the
effect of metformin and aspirin on utero placental circulation of pregnant

141



References

women with PCOS. Iranian Journal of Reproductive Medicine, 10(3),
265.
267. Joham, A. E., Boyle, J. A., Ranasinha, S., Zoungas, S., & Teede, H.
J. (2014). Contraception use and pregnancy outcomes in women with
polycystic ovary syndrome: data from the Australian Longitudinal Study
on Women's Health. Human reproduction, 29(4), 802-808.
268. Uludag, S. Z., Ozgun, M. T., Dolanbay, M., Altun, O., Aygen, E.
M., & Sahin, Y. (2017). Evaluating the Association of Ovarian Reserve
with Age in Women with Polycystic Ovary Syndrome. Glob J Fertil Res,
2(1), 004-008.
269. Glinzel-Apel, A., Urhausen, C., Wolf, K., Einspanier, A., Oei, C., &
Piechotta, M. (2012). Serum progesterone in pregnant bitches
supplemented with progestin because of expected or suspected luteal
insufficiency. Reproduction in Domestic Animals, 47, 55-60.
270. Szekeres-Bartho, J., Halasz, M., & Palkovics, T. (2009).
Progesterone in pregnancy; receptor—ligand interaction and signaling
pathways. Journal of reproductive immunology, 83(1-2), 60-64.
271. Adolf, E. (2004). Pregnancy failure after spontaneous conception or
ovulation induction: endocrine causes and treatment. Middle East
Fertility Society Journal, 9(1), 3-9.
272. Xu, Q., Chen, J., Wei, Z., Brandon, T., Zava, D., Shi, Y. E., & Cao,
Y. (2017). Sex hormone metabolism and threatened abortion. Medical
science monitor: international medical journal of experimental and
clinical research, 23, 5041.
273. Deli, A., Kreidl, E., Santifaller, S., Trotter, B., Seir, K., Berger, W.,
& Grusch, M. (2008). Activins and activin antagonists in
hepatocellular carcinoma. World journal of gastroenterology: WJG,
14(11), 1699.

142



References

274. Dipiro and Harris, W. (2007) Pharmacitherapy Physiologie, J. Clin.
Endo. & Meta. Vol. (82) p131.

275. Muttukrishna, S., Jauniaux, E., McGarrigle, H., Groome, N., &
Rodeck, C. H. (2004). In-vivo concentrations of inhibins, activin A and
follistatin in human early pregnancy. Reproductive biomedicine online,
8(6), 712-719.

276. Yalgin, I., Taskin, S., Pabugcu, E. G., & Soylemez, F. (2015). The
value of placental protein 13, B-human chorionic gonadotropin and
progesterone in the prediction of miscarriages in threatened miscarriage
patients. Journal of Obstetrics and Gynaecology, 35(3), 283-286.

277. Cohain, J. S., Buxbaum, R. E., & Mankuta, D. (2017). Spontaneous
first trimester miscarriage rates per woman among parous women with 1
or more pregnancies of 24 weeks or more. BMC pregnancy and
childbirth, 17(1), 1-7.

278. Smith, M. L., & Schust, D. J. (2011, November). Endocrinology and
recurrent early pregnancy loss. InSeminars in reproductive
medicine (Vol. 29, No. 06, pp. 482-490). © Thieme Medical Publishers.
279. Wilding, J. P. (2020). Endocrine testing in obesity. European Journal
of Endocrinology, 182(4), C13-C15.

280. Evdokia, D., Ellen, M., Shigeru, S., Kutteh, W. H., & Brosens, J. J.
(2020). Recurrent pregnancy loss (Primer). Nature Reviews: Disease
Primers, 6(1).

281. Wang, J. X., Davies, M. J., & Norman, R. J. (2001). Polycystic
ovarian syndrome and the risk of spontaneous abortion following assisted
reproductive technology treatment. Human Reproduction, 16(12), 2606-
2609.

282. Pantasri, T., Wu, L. L., Hull, M. L., Sullivan, T. R., Barry, M.,
Norman, R. J., & Robker, R. L. (2015). Distinct localisation of lipids in

143



References

the ovarian follicular environment. Reproduction, Fertility and
Development, 27(4), 593-601.

283. Salem, S. M., Abdel-Rasheed, M., Hamdy, S., & Salama, S. (2021).
The role of D-dimer with beta-human chorionic gonadotropin,
progesterone and cancer antigen-125 as markers for miscarriage. Journal
of The Arab Society for Medical Research, 16(1), 84.

284. Hudi¢, 1., & Fatusi¢, Z. (2009). Progesterone-induced blocking
factor (PIBF) and Th1/Th2 cytokine in women with threatened
spontaneous abortion.

285. Norwitz, E. R., Robinson, J. N., & Challis, J. R. (1999). The control
of labor. New England Journal of Medicine, 341(9), 660-666.

286. Coomarasamy, A., Dhillon-Smith, R. K., Papadopoulou, A., Al-
Memar, M., Brewin, J., Abrahams, V. M., ... & Quenby, S. (2021).
Recurrent miscarriage: evidence to accelerate action. The Lancet,
397(10285), 1675-1682.

287. Coomarasamy, A., Williams, H., Truchanowicz, E., Seed, P. T.,
Small, R., Quenby, S., ... & Rai, R. (2015). A randomized trial of
progesterone in women with recurrent miscarriages. New England
Journal of Medicine, 373(22), 2141-2148.

288. Prakash, A., Laird, S., Tuckerman, E., Li, T. C., & Ledger, W. L.
(2005). Inhibin A and activin A may be used to predict pregnancy
outcome in women with recurrent miscarriage. Fertility and sterility,
83(6), 1758-1763.

289. Petraglia, F. (2008). Inhibins as diagnostic markers in human
reproduction. Advances in Clinical Chemistry, 1.

290. Atasever, M., Soyman, Z., Demirel, E., Gencdal, S., & Kelekci, S.
(2016). Diminished ovarian reserve: is it a neglected cause in the
assessment of recurrent miscarriage? A cohort study. Fertility and
Sterility, 105(5), 1236-1240.

144



References

291. Pils, S., Promberger, R., Springer, S., Joura, E., & Ott, J. (2016).
Decreased ovarian reserve predicts inexplicability of recurrent
miscarriage? A retrospective analysis. PLoS One, 11(9), e0161606.

292. Sultana, S., Nallari, P., & Ananthapur, V. (2020). Recurrent
pregnancy loss (RPL): an overview. Journal of Womens Health and
Development, 3(3), 302-315.

293. Andersen, A. M. N., Wohlfahrt, J., Christens, P., Olsen, J., &
Melbye, M. (2000). Maternal age and fetal loss: population based register
linkage study. Bmj, 320(7251), 1708-1712.

294. Xue, Y., Zhang, F., Zhang, H., & Zhang, S. (2022). Time to
pregnancy in women with previous ectopic pregnancy undergoing in
vitro fertilization treatment: a retrospective cohort study. Scientific
Reports, 12(1), 1-9.

295. ADELUSI EA BAMGBOYE N. CHOWDHURY L. AL-NUAIM,
B. (1998). Pregnancy trends after abortion. Journal of Obstetrics and
Gynaecology, 18(2), 159-163.

296. Gnoth, C., Godehardt, D., Godehardt, E., Frank-Herrmann, P., &
Freundl, G. (2003). Time to pregnancy: results of the German prospective
study and impact on the management of infertility. Human
reproduction, 18(9), 1959-1966.

297. Habimana-Kabano, 1., Broekhuis, A., & Hooimeijer, P. (2016). The
effect of pregnancy spacing on fetal survival and neonatal mortality in
Rwanda: a Heckman selection analysis. Journal of biosocial science , 48
(3), 358-373.

298. Sholapurkar, S. L. (2010). Is there an ideal interpregnancy interval
after a live birth, miscarriage or other adverse pregnancy outcomes?.
Journal of Obstetrics and Gynaecology, 30(2), 107-110.

299. Love, E. R., Bhattacharya, S., Smith, N. C., & Bhattacharya, S.
(2010). Effect of interpregnancy interval on outcomes of pregnancy after

145



References

miscarriage: retrospective analysis of hospital episode statistics in
Scotland. Bmj, 341.

300. Pineles, B. L., Park, E., & Samet, J. M. (2014). Systematic review
and meta-analysis of miscarriage and maternal exposure to tobacco
smoke during pregnancy. American journal of epidemiology, 179(7),
807-823.

301. Elkas, J. C., & Cunningham, D. S. (1995). Effect of 1st-trimester
loss on restoration of the hypothalamic-pituitary-ovarian
axis. Gynecologic and obstetric investigation, 40(4), 257-260.

302. Vitzthum, V. J. (2020). How it works: The biological mechanisms
that generate demographic diversity.

303. Z. Jukic, A. M., Weinberg, C. R., Wilcox, A. J., & Baird, D. D.
(2010). Effects of early pregnancy loss on hormone levels in the
subsequent menstrual cycle. Gynecological Endocrinology, 26(12), 897-
901.

304. Anderson, R. A., & Nelson, S. M. (2020, September). Anti-
Millerian hormone in the diagnosis and prediction of premature ovarian
insufficiency. In Seminars in Reproductive Medicine (Vol. 38, No. 04/05,
pp. 263-269). Thieme Medical Publishers, Inc.

305. Broer, SL, Délleman, M., Van Disseldorp, J., Broeze, KA, Opmeer,
BC, Bossuyt, PM, ... & Vladimirov, IK (2013). Prediction of an excessive
response in vitro fertilization from patient characteristics and ovarian
reserve tests and comparison in subgroups: an individual patient data
meta-analysis. Fertility and sterility , 100 (2), 420-429.

306. Strauss 11, J. F., & Williams, C. J. (2019). Ovarian life cycle. In Yen
and Jaffe's reproductive endocrinology (pp. 167-205). Elsevier.

307. Muttukrishna, S., Child, T. J., Groome, N. P., & Ledger, W. L.
(1997). Source of circulating levels of inhibin A, pro alpha C-containing

146



References

inhibins and activin A in early pregnancy. Human reproduction (Oxford,
England), 12(5), 1089-1093.

308. Williamson, R. D., O’Keeffe, G. W., & Kenny, L. C. (2015). Activin
signalling and pre-eclampsia: from genetic risk to pre-symptomatic
biomarker. Cytokine, 71(2), 360-365.

147



Ao

e slil) (6] Ay guadl) il s 58 5 Sall BB (0 ABMall 4 yral A ) 524 Caaana
A e g Aianll g Gl (S A 3lhe e JalauSU 4 1) Ll ars 2 5a

ol 3l 50 (I (sl a1 ¢ s (15-45) G o8 e 51 5o el 90 (e Ausl jall i
oS Ao ganaS 31l 40 5 oSl BELY) (e cpilais railiall (S da e Lbas
don Al Clalpall e g 63 )S (A aalacil) 2 gill g Ailol) diine (e Cilipal) A A
b 3 G (Laaiann) 20/9/2022 N (V) 0 r) 1/10/2021 (e 5l JOA Al
s Progesterone s Prolactins ESTROGEN 5 LHs FSHa sadll &l sa s
& mindray 4S_& (e CL-900i Jlea plaainly s ELISA 4 4dasi 52 Testosterone
(= ELISA 48 ddav) o ACTIVIN A 5 INHIBIN B clisa s (el ¢ (uall
Alia of Saay) Jidadll z05 Al all ciloa 55 4S5 Y1 saaiall Y 8 BioTek
s ESTROGEN 5 LH 5 FSH 5 INHIBIN B 5 ACTIVIN A & Gsizs G
LlaaY Cua ¢ f&aill de seaas 45 5laa Testosterone s Progesterone s Prolactin
slul) im0 dhas 3 ACTIVIN A 5 INHIBIN B <l sa el (5 siane 3 alis)
Ao ganay A Jiadin (15-45) (e pendl L) paen A Gladbiall S A ey Cilibadll
Progesterone s Prolactin sESTROGEN 5 LH sFSH s sivwe 2334 5 ¢ oSl
¢ Aalall de sanally 455l 2 (15-29) erl (a yall cLiall ool Testosterone s
¢ 43 (30-45) e L 58U clsill (51 i sa sel) mms (5 guse & Lalasl Ll Laiy
O yedal LS daall aSaill de ganay 45 liaTestosterone s FSH s Progesterone Jie
S bl (a5 A Dl Canny | ySiall ol g cpilay 31500 il (o Al yall il
08l @lsd ey &)l (3996 Ay i) pludll sal e pua ABS J550 e
R 2 ga 5 N Lay) 52l g 279 Ay (oapadall () 51 ) 53 e Liail) 5 <340/ Ay 231 3N
g5 5 ySiall Llawd) c¥la s 5 LlauY) 5ae pe ) geadd) G ga ja 3S 5 L glasa b
Adailall e ganally 4 i ca all claill (gl Laliu) Al



LAY (ra Alad A pladl) B 4y gadld) cill ga i A o

e S ddiblaa A ) Kiall
g

e (e 5 58S e S Anala /A puall o shall Gy il 2K ) e
shasSll A inaldl da ) e J gaal)

8 (e

6 S gall 3 gana Cleal Jand

xR
Al g g dailuadl) 3 ) gi€a 5550 s Lsal) Ay
gl ae gaa Sama dana anla qila
alal) gl gil) g dileadl) 8 30 4l slassll A o ) 43S

¢ 2022 21444



