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Summary  

Infertility is defined as a failure to achieve pregnancy following 

one year of regular, repeat, consistent, and unprotected sexual 

intercourse.  

Polycystic Ovarian Syndrome (PCOS) is a heterogeneous 

endocrine disorder distinguished by the manifestation of ovarian cysts, 

anovulation, and endocrine variation function. Premature Ovarian 

insufficiency (POI) is one of the ovulation problems and women's 

reproductive diseases and is among the leading causes of female 

infertility before 40 years of age. 

The present study included 120 females with a range of age 20 to 

45 years, collected from the infertility unit of Women Obstetrics & in 

Gynaecology Hospital during the period from November 2023 to April 

2024, divided into two groups including group I 60 healthy apparent 

females used as controls and group II 60 infertile females with ovarian 

disorder used as patients, then divided to subcategories as follow: 47 

infertile female with Polycystic Ovarian Syndrome, 13 infertile female 

with Premature Ovarian Insufficiency, individuals divided according to 

less and above 40 years. Parameters in this study measured include: 

infertility biomarkers (Inhibin-B, Anti-Müllerian hormone, Prolactin, 

Estrogen, Luteinizing hormone, and Follicle-stimulating hormone), 

androgen indices (Dehydroepiandrosterone Sulfate, and Testosterone), 

thyroid function indices (Thyroid-Stimulating Hormone, 

Triiodothyronine, and Thyroxine). Hormones levels were determined by 

using an enzyme-linked immunosorbent assay (ELISA) technique. 

The present result found a significant increase (P≤0.01) in the level 

of Anti-TPO, DHEA-S, Inhibin-B, and AMH (16.34± 2.17), (2.79 ± 

0.53), (266.97 ± 72.88), and (10.99 ± 2.37) in PCOS patients 



 
 

respectively as compared to control groups (5.92 ± 0.96), (0.89 ± 0.12), 

(36.76 ± 10.62), and (3.11 ± 0.60), also found a significant decrease 

(P≤0.01) in the level of DHEA-S, Inhibin-B, and AMH (0.54 ± 0.23), 

(18.96 ± 1.21), and (0.60 ± 0.39) in POI patients respectively as 

compared to control groups (0.89 ± 0.12), (36.76 ± 10.62), and (3.11 ± 

0.60), significant increase (P≤0.01) in the level of Anti-TPO (14.72 ± 

1.19) in POI patients as compared to control (5.92 ± 0.96). The result 

showed a significant increase in BMI (P≤0.01) of PCOS and POI 

patients (30.93 ± 3.50), (31 ± 3.24) respectively as compared to the 

control group (27.90 ± 1.93). In PCOS according to age above and under 

(40 years), AMH showed a significant increase (P≤0.01) in both groups 

of years (>40), (<40) (10.89 ± 2.37), (11.45 ± 2.46) respectively, 

decrease in POI (<40) (0.60 ± 0.39), increase in Anti-TPO for both 

PCOS, POI (17.63±1.93), (17.63±1.93), increase (P≤0.01) in DHEA-S 

of PCOS (>40), (<40) (2.75 ± 0.55), (2.94 ± 0.46), decrease in POI (0.54 

± 0.23), Inhibin-B recorded a significant increase (P≤0.01) in PCOS 

(>40), (<40) (273.55 ±75.25), (234.91 ±52.43), decrease in POI (18.96 

±1.21). Prolactin, Testosterone, Estrogen, and LH revealed a significant 

increase (P≤0.01) in PCOS patients (29.24 ± 4.99), (58.53± 17.39), 

(186.25 ± 48.23), and (17.15± 5.81) respectively as compared to 

control groups (13.44 ± 3.30), (5.34 ± 0.90), (24.93 ± 7.23), and (2.93 ± 

1.28), while FSH revealing a significant decrease (P≤0.01) levels in 

PCOS patients (5.83± 2.3) as compared to control (8.1± 2.15). The result 

found a significant increase (P≤0.01) in FSH, Prolactin, and LH in POI 

patients (33.51 ± 3.61), (26.06 ± 3.04), and (19.77 ± 2.88), a significant 

decrease (P≤0.01) in Estrogen and Testosterone (10.07 ± 1.43), and 

(3.24 ± 0.2) as compared to control groups (24.93 ± 7.23), and (5.34 ± 

0.9) respectively. 



 
 

TSH, T3, and T4 showed no any significant difference at (P>0.01) 

in PCOS patients than control. Also no significant difference at (P>0.01) 

in TSH, T3, and T4 in POI patients as compared to control groups. 

In PCOS found a positive correlation found between DHEA-S with 

both AMH and Anti-TPO (r=0.729), (r=0.416). In POI patients found a 

positive correlation between DHEA-S and AMH (r=0.678) respectively. 

Also, in PCOS patients found a negative correlation between Inhibin-B 

and Anti-TPO (r= -0.520). With a negative correlation between AMH 

and Testosterone in POI patients (r= -0.578).  

The result of receiver operating characteristic found Anti-TPO 

(95% CI: 0.907-1.000; P-value: 0.001; Cutoff Point: 9.306 AUC: 

98.861%) with Sensitivity to Specificity 96.676%- 96.667%; and 

Accuracy: 97.000%, DHEA-S (95% CI: 0.992-1.0000; P-value: 0.001; 

Cutoff Point: 1.480 AUC: 99.694%) with Sensitivity to Specificity 

98.333%-96.667%; and Accuracy: 97.500%, Inhibin-B (95% CI: 0.907-

1.000; P-value: 0.001; Cutoff Point: 77.347; AUC: 95.417%) with 

Sensitivity to Specificity91.667%-98.333%; and Accuracy: 95.000%, 

AMH (95% CI: 0.918-1.0000; P-value: 0.001; Cutoff Point: 4.143; 

AUC: 96.306%) with Sensitivity to Specificity 96.667%-95.000%; and 

Accuracy: 95.830%. 

In conclusion, Inhibin-B, Anti-TPO, Prolactin, AMH, and DHEA-

S are more accurate biomarkers for assessing ovarian health and can be 

used as sensitive indicators for infertility and early diagnosis of PCOS 

and POI in women of reproductive age. The concentration of these 

parameters was higher in PCOS patients compared to the control, while 

AMH, DHEA-S, and Inhibin-B levels were significantly decreased in 

POI patients compared to the control. We showed that PCOS and POI 

were the most significant variables with weight gain and increased BMI.  
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Chapter One 

Introduction 
  



 
 

1. Introduction  

Infertility is defined as a disorder of the reproductive system 

characterized by the inability to obtain a clinical pregnancy during 12 

months or more of consistent unprotected sexual intercourse (Fathimunissa 

et al., 2022).  

Infertility is a global health problem and is estimated to affect 12-

30% of couples attempting to conceive, It may be attributed predominantly 

to the male (30%), the female (55%), or to a combination of both partners 

(40%). The most common causes of female infertility include ovulatory 

disorders (25%), tubal disorders (20%), and uterine/cervical factors (10%) 

(Koysombat et al., 2022). Ovulatory disorders are a serious clinical 

problem whose direct causes are still largely unknown, they appear as 

menstrual irregularities and are the cause of infertility in about 25% of 

couples who find it difficult to conceive and achieve it (Skowrońska et al., 

2023).  There are many causes of ovulation disorders such as polycystic 

ovarian syndrome (PCOS), premature ovarian insufficiency (POI), and 

diminished ovarian reserve (DOR), aging (obeagu et al., 2023). 

Polycystic ovarian syndrome (PCOS) is currently viewed as one of 

the most common endocrine disorders in women of reproductive age (Sun 

et al., 2020). There are some clinical characteristics of PCOs, the most 

prevalent of which are raised levels of androgens, hirsutism, an elevated 

ratio of luteinizing hormone to follicle-stimulating hormone (LH/FSH), 

with menstrual irregularity (Farhana, A. A., & Shi, J. 2024).  

Premature ovarian insufficiency (POI) it is sometimes referred to as 

premature ovarian failure (POF) and is a mysterious and complicated 

disease, it is defined as a decrease in ovarian function under 40 years 



 
 

(Mahmoud et al., 2020). Most women with POI have menstrual 

irregularities, 10% of them have amenorrhea (Alimovna et al., 2024). 

Anti-thyroid peroxidase (Anti-TPO) is an enzyme found at the apical 

membrane of thyroid follicular cells (thyrocytes) involved in thyroid 

hormone biosynthesis (Akane et al., 2024). It is important in the thyroid 

hormone production operation because anti-TPO has two active positions 

and needs heme to function, its biostructure is complex (Godlewska et al., 

2019). Anti-TPO is associated with infertility irrespective of thyroid 

hormone levels and can be used for screening as well as the marker for 

identifying the risk factor of infertility, thyroid autoantibodies may also be 

a component of more widespread autoimmune diseases and have a more 

universal impact on fertility and pregnancy (Konishi, S., & Mizuno, Y. 

2022). 

Dehydroepiandrosterone-Sulfate (DHEA-S) is a major adrenal 

androgen precursor and is considered the most abundant hormone in 

peripheral circulation (Naelitz et al., 2020). This androgen is synthesized 

from dehydroepiandrosterone (DHEA) by steroid sulfotransferase (SULT), 

DHEA and DHEA-S raised at a young age (Turcu et al., 2020). It is 

considered a primary hormone in the synthesis of testosterone and 

estradiol, as it is excreted by the zona reticularis of the adrenal gland, and 

from internal cells of the ovaries, brain, and gonads (Ozcil et al., 2020). 

Decreased ovarian reserve, or a lower quantity and quality of ovum 

accessible for fertilization, has been linked in women with low DHEA-S 

levels. On the other hand, Women with elevated DHEA-S levels may be at 

risk for PCOS, which is the leading cause of female infertility (Zhang et 

al., 2023) 

Inhibin-B is a heterodimeric glycoprotein, non-steroidal widely 

recognized for its ability to inhibit the release of follicle-stimulating 



 
 

hormone (FSH) (Yadav et al., 2022). In women, it enters into the formation 

of ovarian folliculogenesis and steroidogenesis and the regulation of the 

menstrual cycle, the high level of Inhibin-B means an increase in inhibition 

or decrease in the level of FSH and a low level in this hormone means a 

reduction in the quality and quantity of ovum resulting in problems with 

ovulation and causing infertility (Jankowska et al., 2022). 

Aims of the study  

This study aimed to evaluate the relationship (Correlation) between some 

physiological and clinical parameters of fertile and infertile women 

undergone from different clinical statuses, this aim could be achieved by 

the following objectives: 

1. The present study aims to estimate the level of Anti-TPO, Inhibin-B, 

DHEA-S, and AMH as biomarkers for infertility. 

2. Study the association among biomarkers Anti-TPO, Inhibin-B, (DHEA-

S), and AMH with body fat (BF%), body mass index (BMI), Total fat 

mass (TMF), age, and related with infertility in female patients. 

3. Estimation of the level of hormone (FSH, Prolactin, LH, Testosterone, 

Estrogen, TSH, T3, and T4) and related infertility in female patients. 

4. Find the correlation between diagnostic biomarkers with different 

hormonal parameters and related to infertility. 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

Chapter Two 

Literature Review 

 

 

 

 

 



 
 

2. Infertility 

Infertility is defined as the inability to prove pregnant after 12 

months or more of regular, repeats unprotected sexual contact 

(Skowrońska, M., 2023). It`s prevalent in a large proportion of the 

population. Globally The infertility rate is approximately 50-70 million 

couples affected by this syndrome, in some cases, infertility may be 

attributed to males, and female infertility may result from ovarian disorders 

such as insufficiency, diminished ovarian reserve (DOR), and fallopian 

tube obstruction, or maybe the cause of abnormal anatomy of the female 

reproductive system (Sirait et al., 2023). 

2.1 Etiology of the female infertility   

1. Ovulatory causes  

2. Tubal causes  

3. Cervical causes  

4. Uterine causes  

5. Autoimmune diseases and uterine congenital defects affect conception 

and miscarriage (Sirait et al., 2023).  

2.2 Classification of Infertility  

2.2.1 Primary infertility  

This term is used to describe female infertility who have never been 

able to conceive a pregnancy, the most common causes of this type of 

infertility in women were the ovulatory factors (Magdum et al., 2022). 

WHO estimated the overall prevalence of primary infertility lies between 

3.8% and 16.8% (Purkayastha, N., & Sharma, H., 2021).  

 

 



 
 

2.2.2 Secondary infertility  

It is the inability to become pregnant after a prior pregnancy that 

occurs without the use of contraception, breastfeeding, or postpartum 

amenorrhea (Magdum et al., 2022). The prevalence of secondary infertility 

is proportionally more than that of primary infertility, the main reasons for 

secondary infertility a pelvic inflammatory disease (PID) and tubal 

obstruction (Jabeen et al., 2022). 

2.3 Female infertility related to Ovarian causes  

Ovarian disorders are the problems that affect ovaries and are 

considered a common cause of menopause, abnormal uterine bleeding, and 

infertility in females, and are a major cause of PCOS, there are many 

possible causes and contributions to ovarian dysfunction, and the 

therapeutic approach to ovulation dysfunction is likely to involve a range 

of psychological, medical, and procedural interventions (Munro et al., 

2022). This disorder causes infertility in about 25% of couples who find it 

difficult to conceive pregnant (Skowrońska et al., 2023).  

2.3.1 Causes of ovarian disorders 

1. Aging  

2. Endocrine disorder (Polycystic Ovarian Syndrome PCOS).  

3. Primary Ovarian Insufficiency (POI) or Premature Ovarian Failure 

(POF) 

4. Diminished Ovarian Reverse (DOR) (Abdelghani et al., 2023).  

 

  



 
 

2.4 Diagnostic of Infertility 

Female infertility and associated diagnoses have overall health 

implications, beyond the treatment of patients’ immediate reproductive 

needs, healthcare professionals must be aware of the broader health impact 

of specific causes of infertility to provide accurate counseling regarding 

long-term risk (Hanson et al., 2017). 

2.5 Treatment of infertility 

Hormone replacement therapy is effective in some types of 

infertility, but there is substantial evidence from observational studies that 

such therapy increases the risk of breast cancer (Vermeulen et al., 2019). 

Scientists have investigated other therapeutic measures, such as stem cell 

therapy, for infertility, stem cells are undifferentiated cells with the ability 

to renew themselves for long periods without significant changes in their 

general properties, they can differentiate into various specialized cell types 

under certain physiological or experimental conditions (Zhao et al., 2019).  

2.6 Ovaries  

Ovaries are a pair of gonads intraperitoneal endocrine glands that are 

typically found in the lower left and right quadrants of the female abdomen, 

play a fundamental role in reproduction as well as the production of 

hormones (estrogen and progesterone), it also has a role in the fertility and 

cycling of reproductive activity in women, mainly by controlling the 

development of follicle (Tetkova et al., 2020). The ovary structurally is 

made of an inner medulla, which contains vascular elements (blood and 

lymphatic vessels), and an outer cortex containing the ovarian follicles, the 

functional unit of the ovary (Dothard et al., 2023). Figure (2-1).  



 
 

 

2.6.1 Ovum  

In human physiology, the ovum is defined as a single cell released 

from the female genital organ (ovary), capable of evolving into a new 

organism when enriched with a sperm cell, during child-bearing years, 300 

to 400 follicles mature and emit an ovum capable of being fertilized, the 

ovum has a large, centrally located nucleus which is covered by cytoplasm, 

this oocyte nucleus and nucleolus are termed germinal vesicle and germinal 

disc respectively, and is typically covered by 3 layers: inner thin vitelline 

membrane, middle zona pellucida, and outer corona radiata (Britannica, T., 

Siddharth, S. 2023) figure (2-2).  

Pre-ovulatory 

(mature) follicle Ovum 
Antral 

follicle 
Antrum 

Zona pellucida 

Preantral follicale 

Primordial follicle 

Degenerating 

corpus luteum 
Ovulation 

Corpus luteum 

Ovum 

Corona radiata 

Figure (2-1) Ovarian structure and ovulation stages (Al-Deresawi et al., 2006). 



 
 

 

2.6.2 The Ovarian Hormones 

2.6.2.1 Estrogen  

Is a steroid hormone derived from cholesterol containing 18 carbon 

atoms, estrogens in females are produced by the ovaries, connected to the 

female reproductive system, and are in charge of the development of 

female sexual traits, it is also released from the yellow body after the ovum 

exits the vesicles and from the placenta (Lobo RA et al., 2023). This 

hormone has a role in the ovum releases and has many forms: 

1. Estrone (E1) is an estrogen that the body makes after menopause. 

2. Estradiol (E2) is an estrogen produced in the body during reproductive 

years, it’s a most potent form of estrogen. 

3. Estriol (E3) is the main form of estrogen during pregnancy 

(Mahboobifard et al., 2021). 

2.6.2.2 Progesterone 

Is the most abundant hormone produced by the gonads, adrenal 

cortex, and placenta in case of pregnancy, it is synthesized primarily by the 

Corona radiata 

Zona pellucida 

Vitelline 

membrane 

Nucleus 

Germinal vesicle 

Ooplasm 

Figure (2-2) Structure of the human ovum (Britannica, T., Siddharth, S. 2023) 



 
 

corpus luteum of the ovary, it`s also secreted by the ovarian corpus luteum 

during the first ten weeks of pregnancy, followed by the placenta in the 

later phase of pregnancy, the presence of this hormone is a prerequisite for 

embryo implantation, whereas its absence causes pregnancy loss 

(Kolatorova et al., 2022). It has many other functions, such as preparing 

the endometrium, for gestation, and inhibiting lactation during pregnancy, 

it`s also plays a role in the menstrual cycle, causing capillary growth and 

development with the result of increased vascularization and blood flow 

(Bulletti et al., 2022). 

2.7 Menstrual Cycle (MC) 

Is the periodic vaginal bleeding that occurs with the shedding of 

uterine mucus (menstruation), the length of the cycle is notoriously 

variable, but the average figure is 28 days from the start of one menstrual 

period to the start of the next (Rosner et al., 2024). 

2.7.1 Phases of Menstrual Cycle  

2.7.1.1 Follicular or Proliferative phase 

Is the first phase of the menstrual cycle it`s occurs from (1-14) days 

of the menstrual cycle, based on the average duration of 28 days, the main 

hormone during this phase is estrogen, that will provide negative feedback 

to the anterior pituitary (Herbison, A. E., 2020) 

2.7.1.2 Ovulation phase 

This phase it`s usually occurs 14 days before menses, and the 

estradiol provides positive feedback for FSH and LH production, that 

causes mature follicle breaks, and an oocyte is released (Soumpasis et al., 

2020). 

 



 
 

2.7.1.3 Luteal or Secretory phase 

The last phase of the menstrual cycle occurs from (14-28) days of 

the cycle, LH hormone stimulated to production of progesterone, that will 

be provide negative feedback to the anterior pituitary to decrease FSH and 

LH levels and, subsequently, reduce in the estradiol and progesterone 

levels (Guevarra et al., 2023) figure (2-3). 

 

 

2.8   Aging 

The number and quality of the follicle are affected in an age-

dependent manner, especially in women over 35 years of age follicular 

atresia accelerates sharply along with a lower pregnancy rate, higher 

abortion rate, and lower delivery rate (Chang et al., 2022). When a woman 

is younger than 30, has an 85% chance to pregnant within 1 year, at the age 

of 30, there is a 75% chance to conceive in the first 12 months, this chance 

Figure (2-3) Diagram of the menstrual cycle and their phases (Chumduri, C., 

& Turco, M. Y. 2021).  



 
 

declines to 66% at the age of 35 and 44% at the age of 40, this is due to the 

effect of aging on the ovary and ovum (Delbaere et al., 2020). When a 

woman ages, the number and quality of ovum (ovarian reserve) decreases 

naturally and gradually from birth to menopause, and this decline gradually 

takes place until her early 30 years but accelerates rapidly after her mid-30 

years, not only is it difficult to be pregnant, but abortion and chromosomal 

abnormalities in a child (such as Down's syndrome) are more common in 

older mothers, fibroids, endometriosis, and tubular diseases are more 

common and can affect fertility, older women are at risk of complications 

during pregnancy, such as pregnancy diabetes and preeclampsia (Chua et 

al., 2020). 

2.9   Endocrine disorders 

These medical conditions occur in the endocrine system, which 

produces hormones, ultimately leading to a dysfunction of this system, and 

have several potential causes, such as tumors, genetic factors, or hormonal 

imbalances, and since the brain and peripheral glands, including the 

gonads, are vitally connected through the hypothalamus-pituitary axis, the 

hormones produced by this pathway can control several aspects of sexual 

activity, and defects in this hormonal pathway can affect many vital 

processes (Salvio et al., 2021). The relation between endocrine disorders 

and fertility can be explained by the negative influence of hormonal 

disorders on ovarian function, and the increasing incidence of endocrine 

diseases with age may have further negative effects on the pregnancy rate 

(Herman et al., 2023). 

 

 

 

 



 
 

2.9.1 The Hypothalamus-Pituitary-Ovary Axis (HPO-X) disorders 

This axis can be defined as a tightly regulated system controlling 

female reproduction and is a unit that cooperates to produce steroid and 

gonadotropic hormones on a cyclic basis to facilitate reproduction, this 

cycle is tightly regulated to select a dominant follicle for ovulation while 

priming the endometrium for implantation, and the ovary plays a pivotal 

role in the production of steroid hormones necessary for follicular 

development and oocyte maturation, this complex regulation can be 

negatively impacted when pathologies occur within any juncture of the 

HPO axis, the HPO axis constitutes 85% of ovulation disorders caused by 

PCOS, and endocrinopathies (Zhang et al., 2020).  

2.9.2 The physiological link of the HPO axis is explained as follows: 

Gonadotropin-releasing hormone (GnRH) is the key regulator of the 

reproductive axis, which is generated by the hypothalamus gland, and 

stimulates the anterior pituitary gland to release the hormones LH and FSH, 

which in turn promote ovarian growth, FSH acts on granulosa cells and 

modulates the aromatase, while LH hormone stimulates theca cells, which 

produce estrogen, principally estradiol, in the ovary, the corpus luteum 

releases progesterone, these hormones (estrogen, estradiol, progesterone) 

can also inhibit the release of GnRH via negative feedback, to maintain the 

homeostasis of reproductive hormones (Ozawa H., 2022). Many studies 

have focused on the role of the hypothalamic-pituitary-ovarian (HPO) axis 

in the reproduction process, including follicle development and 

differentiation, ovulation, and follicular atresia, the HPO axis can regulate 

the ovulation cycle and ovum production directly or indirectly by 

mediating the levels of reproductive hormones secreted by the 

hypothalamus, pituitary, and ovaries (Li et al., 2020). Figure (2-4)  

 



 
 

 

 

2.9.3 Polycystic Ovarian Syndrome (PCOS) 

Is the most common endocrine and metabolic disorder in 

reproductive women, with a prevalence affecting 5–20%, with up to 70% 

of affected women remaining undiagnosed (Pervin et al., 2022). It is 

characterized by hyperandrogenism, anovulatory cycles, the presence of 

multiple small follicles in one or both ovaries, infertility, and a higher risk 

of metabolic disorders such as; type 2 diabetes, liver fat disease, 

hypertension, clotting of blood vessels, possibly cardiovascular events, 

complications of childbirth, cancer, and possibly malignant tumors in the 

ovary and mood and psychological disorders (Xu, Y., & Qiao, J., 2022; 

Ali, S. S., & Jabeen, S., 2024).  

 

Figure (2-4) Female Hypothalamus-Pituitary-Ovary Axis (Tammasse IFU, 

Tamrin F., 2023) 
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2.9.4 History  

In 1935 were recognized Leventhal and Stein as the main researchers 

of PCOS, while Vallisneri, an Italian physician, naturalist, and medical 

scientist, defined PCOS in 1721 when she observed many infertile women 

as enlarged size ovaries as pigeon ovum size with a shining white surface. 

Formal diagnostic criteria were not proposed until the early 1990s at 

a National Institute of Health (NIH) sponsored conference on PCOS, and 

they were subsequently widely used (de Oliveira, N. M. G., 2020). 

2.9.5 Etiology  

Although the etiology of PCOS is unknown, evidence suggests that 

it is a complex condition in which interactions between environmental, 

genetic, endocrine, and metabolic factors work together to produce a 

shared outcome, it is unknown why these hormonal issues arise; some 

speculated that problem could stem from the ovaries, from a region of the 

brain that controls hormonal production, other glands in the body; also, 

insulin resistance could be to blame for these alterations (Siddiqui et al., 

2022). Figure (2-5) 



 
 

 

 

2.9.6 Pathophysiology  

Pathophysiology and neuroendocrine disruption of the 

hypothalamic-pituitary-gonadal axis in polycystic ovary syndrome can be 

explained by increased pulsatility of gonadotrophin-releasing hormone 

(GnRH) causes higher frequency of luteinizing hormone (LH) secretion 

and lower frequency of follicle-stimulating hormone secretion (FSH), 

consequent disrupted folliculogenesis, and increased production of ovarian 

androgens, adrenal androgens are also increased, excess levels of 

androgens stimulate deposition of abdominal adipose tissue which 

subsequently increases insulin resistance and hyperinsulinism (Dong, J., & 

Rees, D. A. 2023).  

Figure (2-5) Etiology of PCOS (Siddiqui et al., 2022). 



 
 

Hyperinsulinism causes increased androgen production from the 

ovaries and adrenal cortex, reduces the production of hepatic sex hormone 

binding globulin, and inhibits progesterone-mediated negative feedback 

onto GnRH neurons, worsening androgen excess in a vicious cycle (Safiri 

et al., 2022). Figure (2-6)  

 

So in women with polycystic ovary syndrome, raised levels of luteinizing 

hormone cause excess production of ovarian thecal androgens and Anti-

Müllerian hormone (AMH), whereas relative deficiency of follicle-

stimulating hormone (FSH) causes follicular arrest, polycystic ovarian 

morphology, and oligo-ovulation (Dong, J., & Rees, D. A., 2023). 



 
 

 

 

 

2.9.7 Common Symptoms  

The most common symptoms found for PCOS  

1. Missed or irregular menstrual cycle  

2. Hirsutism, Acne 

3. Obesity or weight gain  

Figure (2-6) The pathophysiology of PCOS and the various clinical features 

that arise as a result (Bodepudi et al., 2023). 
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4. Insulin resistance (IR)  

5. Polycystic ovarian morphology (Karkera et al., 2023).  

2.9.8 Hyperandrogemia  

Hyperandrogemia is a key diagnostic feature of PCOS, 

approximately 75% to 80% of patients with PCOS, androgen 

hyperactivation leads to ovulation disorder, menstrual disorder, hair, and 

acne formation, suggesting that hyperandrogenism is a clinical 

characteristic of PCOS and an important risk factor (Ye et al., 2021). The 

persistent elevation of androgens in people with PCOS affects the synthesis 

of multiple proteins, particularly a decrease in the amount of sex hormone-

binding globulin (SHBG), that allows for higher levels of free testosterone 

which disrupt ovarian theca cell function. Anovulation is progress as a 

result of androgen excess that developed because of the follicular arrest, 

there is a significant association between decreased maturation rates and 

developmental competency of ovum with androgen excess, further 

exacerbating the cycle of anovulation (Francone et al., 2023). 

2.9.9 Hyperprolactinemia  

Hyperprolactinemia (hPRL) is defined as an increase of prolactin in 

blood above the normal range, is also common in women of reproductive 

age, and mimics the clinical phenotype of PCOS, the prevalence of hPRL 

is hard to accurately assess, however, it could be made about 8-17% of 

women with reproductive disorders (Rodier et al., 2022). The 

hypothalamic is responsible for controlling the prolactin secretion process, 

in women with polycystic ovarian syndrome the defect in the HPO-axis 

effects the production of prolactin, High prolactin levels interfere with the 

normal production of other hormones, such as estrogen and progesterone, 

these can change or stop ovulation (the release of an ovum from the 



 
 

ovaries), hyperprolactinemia is frequently reported with polycystic ovary 

syndrome (PCOS), however, there is a controversy about whether they 

share a common mechanism have a cause–result relationship, or just are 

coincidental (Hussein et al., 2020). This defect causes hypogonadism, 

irregular menstruation, or menopause in women, it`s usually appears in the 

form of an ovulation disorder and is often associated with amenorrhea and 

ovulatory infertility (Gierach et al., 2022). 

2.9.10 Diagnostic Criteria  

PCOS can be diagnosed in any female when at least two of these 

three features: are clinical hyperandrogenic, ovulation abnormalities, and 

an ultrasound image showing cysts in the ovaries, this type of diagnosis is 

termed a Rotterdam Criteria for the diagnosis of PCOS (Kolhe et al., 2022). 

For the diagnosis of PCOS in premenopausal women, there are three sets 

of diagnostic criteria demonstrated in Figure (2-7). 

 

 

• Biochemical and/or clinical signs of 
hyperandrogenism

• Oligo- or chronic anovulation

1880 National Institute of 
Child Health and Human 
Development (NICHD) 

Guidelines 

• Oligo- or chronic anovulation

• Clinical and/or biochemical signs of 
hyperandrogenism

• Polycystic ovaries

2003 European Society of 
Human Reproduction and 
Embryology and American 
Society for Reproductive 

Medicine (ESHRE/ASRM or 
Rotterdam) Guidelines 

• Biochemical and/or clinical signs of 
hyperandrogenism

• Oligo- or chronic anovulation, and or 
polycystic ovaries on ultrasound

2006 Androgen Excess 
Society (AES) Guidelines

Figure (2-7) List of criteria for diagnosis of PCOS (Crespo et al., 2018). 

(Both criteria required) 

(Two of three criteria required) 

(Both criteria required) 



 
 

2.10 Premature Ovarian Insufficiency (POI) 

Premature ovarian insufficiency (POI) currently the preferred term 

for premature ovarian failure (POF), is defined as a clinical disorder 

manifested with menstrual disturbance (oligomenorrhea or amenorrhea) in 

the female, or the intermittent or permanent gonadal insufficiency before 

the age of 40 years, the European Society of Human Reproduction and 

Embryology (ESHRE) defines POI as amenorrhoea for at least 4 months 

and a high, postmenopausal level of FSH in at least two samples at least 4 

weeks apart (Silvén et al., 2022). POI affects approximately 1% of women 

globally, year by year the incidence rate of POI is rising due to various 

influences from the environment and diseases (Yuk et al., 2021).  

The symptoms of this gynecological endocrine disease include a 

decrease in ovarian function in women before the age of 40, followed by 

amenorrhoea, an increase in luteinizing hormone (LH), follicle-stimulating 

hormone (FSH), and a decrease in estrogen, POI may cause loss of normal 

endocrine function, which could lead to early depletion of the primordial 

follicle pool (Han et al., 2023). 

POI not only affects the reproductive woman’s potential but is also 

related to an increased risk of hypoestrogenism-related problems such as 

heart disease, osteoporosis, and early mortality, these women may also 

suffer from other autoimmune problems such as autoimmune 

hypothyroidism or adrenal insufficiency, in addition to other co-

morbidities such as depression and anxiety, therefore, could be considered 

a substantial health issue, not only for the affected person but also for her 

family and the general public health (Ge, L., & Tan, J. 2020). 

 

 



 
 

2.10.1 History  

In 1842, American endocrinologist Fuller Albright was the first to 

prescribe  "primary" ovarian insufficiency, as a loss of ovarian activity that 

leads to a chronic hypo-estrogenic state in women under the age of 40 

years, research suggests a lot of terminologies that have been used to 

describe this disorder, such as premature ovarian failure, premature 

menopause, and hypergonadotropic hypogonadism, however, the most 

commonly used term in Europe is premature ovarian insufficiency, which 

encompasses both primary POI, and secondary POI which resulting from 

iatrogenic interventions including chemotherapy, radiotherapy, and 

surgery (Rahman et al., 2021).  

2.10.2 Etiology  

The etiology of POI is complex and has not yet been known and 

elucidated, but the genetic factors, there are an increasing number of 

studies have revealed that epigenetic changes play an important role in the 

occurrence and development of POI, also causes of POI could include a 

reduction in the primordial follicle pool via accelerated follicular atresia or 

destruction, or problems in the support, recruitment, or maturation of 

primordial or growing follicles (Demayo et al., 2018). 

Most occurrences of spontaneous POI are idiopathic, this failure has 

a wide range of recognized causes, including infections, chromosomal 

abnormalities, autoimmune diseases, radiation therapy, chemotherapy, 

genetics, and disorders related to metabolism and storage (Elhddad, A. S., 

2020) figure (2-8). 



 
 

 

 

2.10.3 Pathophysiology  

Women are born with 700,000–1 million oocytes within primordial 

follicles, POI occurs due to follicle dysfunction and follicle depletion, 

subsequent cause infertility finally loss of ovarian estrogen production, it`s 

a rare disorder have elevated levels of follicle-stimulating hormone (FSH) 

and luteinizing hormone (LH) despite normal Anti-Mullerian hormone 

(AMH) and antral follicle count (AFC), the ovaries are unresponsive to 

endogenous and exogenous FSH due to genetic or immunological 

inactivation of the FSH or LH receptor (Ford EA et al., 2020). Also 

possible that spontaneous POI may occur as part of an aging syndrome in 

some women, there is increasing evidence that epigenetic aging can begin 

POI

Autoimmune 
condition

Genetic 
familial 
causes

Chemotherapy, 
Surgical 
causes

Radiotherapy

Idiopathic

Infectious

Figure (2-8) General causes of premature ovarian insufficiency (Wang et al., 

2023). 



 
 

as early as a few weeks post-conception, this is a major public health issue 

given the well-recognized long-term sequelae of POI, such as osteoporosis, 

cardiovascular disease, and dementia, the pathophysiological mechanisms 

of POI, including the phenomenon of epigenetic aging in developing 

organs such as the ovaries (Hellstrom et al., 2021). figure (2-9). 

 

 

2.10.4 Diagnostic criteria 

POI is diagnosed when occurring amenorrhea in women, with 

elevated pituitary gonadotropin follicle-stimulating hormone (FSH), and 

low levels of estradiol (E2), serum levels of FSH and E2 are measured at 

Figure (2-9) Pathophysiology of Premature ovarian insufficiency (Chon et al., 

2021). 
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least two times in more than 4 weeks, and patients that present with 

continuously elevated FSH levels are diagnosed with POI (Wesevich et al., 

2020). 

Therefore, figure (2-10) shows the criteria for the diagnosis of POI in 

women before the age of 40, when these traits are present in patients  

 

2.11 Obesity  

Obesity’s influence on female infertility is a topic of significant 

concern in reproductive medicine, these changes can affect ovarian 

function, and disrupt the hormonal balance necessary for ovulation, there 

are several research studies into the intricate relationship between obesity 

and female infertility a linear decline in spontaneous pregnancy rates was 

observed with each increase in body mass index (BMI) (Ennab, F., & 

Atiomo, W. 2023). 

2.11.1 Obesity and related to PCOS 

Epidemiological evidence supports the tight relationship between 

obesity and PCOS, showing that 38% to 88% of women with PCOS are 

Diagnosis criteria 
of POI

Amenorrhea in 
women before 40 

year

Elevated FSH 
levels 

Low estradiol 
(E2) levels

Figure (2-10) Diagnostic criteria of POI (Wesevich et al., 2020) 



 
 

overweight or obese (Barber, T. M., & Franks, S. 2021). Obesity is 

considered a significant risk factor for PCOS, the association between 

obesity and PCOS may be explained by the connection between obesity 

and PCOS could be attributed to the potential of excess weight to induce 

insulin resistance, a condition in which the body's cells do not respond 

appropriately to the hormone insulin, which regulates blood sugar levels, 

elevated blood sugar levels resulting from insulin resistance may lead to 

increased production of androgens and male hormones, which can 

exacerbate PCOS symptoms, so people who are overweight or obese are 

significantly more likely to develop PCOS than those who maintain a 

healthy weight, suggesting that genes and fat intake may interact to 

increase the risk of PCOS (Sekar et al., 2024). 

2.11.2 Obesity and related to POI 

Infertility is recurrently observed in obese women of reproductive 

age, who usually present menstrual disorders and anovulatory cycles, 

lower implantation and pregnancy rates, as well as failed assisted 

reproductive interventions, infertility is, therefore, a prominent co-

morbidity of obesity, the etiology of which remains largely understudied. 

The impairment of reproductive function in obese females occurs at both 

central and peripheric levels and can affect either the ovaries or the 

endometrium (Sharma, Y., & Galvão, A. M. 2023). 

2.12 Thyroid disorders and related to infertility  

As of the present, several questions remain unresolved; new studies 

still continue to study and investigate the correlation between thyroid 

dysfunction and female infertility (Poppe, K., 2021).  

Thyroid hormones have a crucial role in several facets of female 

reproductive function, including folliculogenesis and placentation. 



 
 

Thyroid function, delicately controlled by the hypothalamic-pituitary axis, 

can significantly impact reproductive processes when altered (Concepción-

Zavaleta et al., 2023).  

2.7.1 Thyroid disorders and related to PCOS 

Thyroid abnormalities can lead to menstruation irregularities, 

infertility, and metabolic issues, and are more prevalent among females 

(Palomba et al., 2023). Despite the limited and ambiguous data 

demonstrating the relationship between thyroid dysfunction with PCOS, 

increasing evidence indicates a possible association between these diseases 

(Hu et al., 2022). Genetic predisposition to the development of both 

conditions may serve as a potential link between thyroid illness and PCOS; 

however, a shared genetic profile has yet to be identified, moreover, it was 

postulated that a disturbed estrogen/androgen equilibrium in women with 

PCOS may predispose them to hypothyroidism; nevertheless, the evidence 

remains equivocal, further extensive studies in these fields are needed to 

assess which mechanisms cause this correlation (Palomba et al., 2023).  

2.8.2 Thyroid disorders and related to POI 

 Autoimmune-related illnesses are believed to account for 4–30% of 

instances of Primary Ovarian Insufficiency (POI). The most strongly 

associated group is that of thyroid-related disturbances such as 

hypothyroidism, Hashimoto thyroiditis, and Grave’s disease, the second 

most prevalent category of autoimmune illnesses, behind thyroid diseases, 

pertains to the adrenals (Colella et al., 2020). Literature indicates that 10–

20% of people with Addison’s illness will develop primary ovarian 

insufficiency (POI), women with diabetes mellitus face an elevated chance 

of having primary ovarian insufficiency, with an estimated incidence of 

2.5%, POI has been linked to several other conditions, including 



 
 

rheumatoid arthritis, Crohn’s disease, myasthenia gravis, systemic lupus 

erythematosus, and multiple sclerosis (Szeliga et al., 2021). 

2.13 Biomarkers related to infertility 

2.13.1 Anti-thyroid peroxides (Anti-TPO) 

Are the thyroid-specific antibodies, a membrane-bound protein 

located on thyrocytes, moreover, it acts as the key enzyme in the synthesis 

of thyroid hormones (Esfandiari et al., 2018). And functions as a defense 

against thyroglobulin, or anti-TG, the substance that thyroid hormones are 

synthesized and stored in opposition to, these antibodies' interaction with 

TPO and TG results in a lymphocytic response, which in turn leads to 

fibrosis of the thyroid gland and decreased thyroid hormone synthesis, 

thyroid autoantibodies may also be a component of more widespread 

autoimmune disease and may have a more universal impact on fertility and 

pregnancy (Poppe K., 2021). Anti-TPO can be used for screening and as a 

marker to identify the infertility risk factor because it is highly linked to 

infertility regardless of thyroid hormone levels, additionally, the 

identification of anti-TPO expression in the endometrium and placenta 

may explain the higher incidence of abortion and infertility in patients with 

thyroid autoimmunity (Rahnama et al., 2021). The mechanism is clarified 

by the Anti-TPO may cross through the blood follicular barrier and create 

a cytotoxic environment that damages the maturing oocyte during the 

maturation period, thus, it is proven that the rise in these antibodies can 

lead to impaired fertility and miscarriage and sometimes lead to premature 

birth (Silva et al., 2022). 

 

 

 



 
 

2.13.2 Anti-Müllerian hormone (AMH) 

AMH is classified as a dimeric glycoprotein within the superfamily 

of transforming growth factor β (TGF β), and is considered as a predictor 

of ovarian response to gonadotropin stimulation (Vijay et al., 2022).  Is 

expressed in females by the ovaries, from granulosa cells of small, large 

preantral, and small antral follicles, where it regulates folliculogenesis 

(Dilbaz, B., & Mert, Ş. A. 2022).  

The production of AMH initiates when activation of primordial 

follicles occurs, with maximal secretions from preantral and small antral 

follicles, and there is a subsequent decrease in secretion from follicles that 

develop to the antral stage, regardless of AMH biochemical and biological 

properties, this hormone has been recognised to be associated with antral 

follicle count (Akbarinejad et al., 2020). 

Many researchers have found that as people age, their serum AMH 

levels decrease, which is indicative of fewer developing follicles that are 

accessible for recruitment (Chen C, Kattera S., 2020). AMH is also used 

as a quantitative function for ovarian aging as a sign of ovarian cancer and 

as a sign of ovum quality, and is used to assess fertility in women 

(Umarsingh et al., 2020). This hormone is notably increased in women 

with polycystic ovary syndrome (PCOS), the main cause of infertility in 

women (Di Clemente, N., 2021) figure (2-11). 



 
 

 

 

2.13.3   Inhibin-B 

Is a heterodimeric glycoprotein that comprises an alpha subunit linked to a 

beta-β subunit, and belongs to the superfamily of transforming growth 

factor-β, this non-steroidal hormone, which is secreted by the granulosa 

cells of developing follicles, is widely recognized for its ability to inhibit 

the release of follicle-stimulating hormone (FSH),  the pituitary gland has 

a direct negative feedback loop when there is an elevated level of Inhibin-

B in the serum, which causes the FSH to drop, thus, one of the key elements 

Figure (2-11) Anti-Müllerian hormone: an ovarian reserve marker (Visser et 

al., 2012).  



 
 

in maintaining a low level of serum FSH is the increased amount of 

Inhibin-B in women of reproductive age, but as they become older, their 

ovarian follicles become fewer in number and quality, their blood levels of 

Inhibin-B gradually drop, and their ability to block FSH is diminished, this 

is another significant factor contributing to the steady rise in their serum 

FSH levels (Wen et al., 2021). Figure (2-12). 

 

2.13.4 Dehydroepiandrosterone Sulfate (DHEA-S) 

Is the most abundant steroid in human blood circulation, an essential 

substrate for the synthesis of steroid hormones with many potential effects, 

and is mainly produced in the adrenal cortex (produce about 80%) and 

ovarian cells of women (produce about 20%) (Li, C. J., 2021). And the 

epidemiological evidence suggests that serum DHEA levels in women 

decrease with age, previous studies have shown that in the ovary, DHEA 

Figure (2-12) Mechanism of Inhibin B that secretion from granulosa cell and 

inhibits FSH secretion (Chen, C., & Kattera, S. 2020). 



 
 

increases the sensitivity of granulosa cells to gonadotropin production such 

as FSH, promotes follicle recruitment, and increases the number of follicles 

that can be recruited in the ovary (Xie et al., 2020). It is generally the 

DHEA and DHEA-S that inter-convert freely retrospectively and 

continuously by hydroxysteroid sulfotransferases and steroid sulfatase, and 

the DHEA primary hormone in the synthesis of sex steroid hormones 

(Estradiol, Testosterone, and Esteron) by the zona reticularis of the adrenal 

gland, and from internal cells of the ovaries, brain, and gonads (Ozcil, M. 

D., 2020). Decreased ovarian reserve, or a lower quantity and quality of 

ovum accessible for fertilization, has been linked in women with low 

DHEA-S levels, on the other hand, women with elevated DHEA-S levels 

may be at risk for PCOS, which is the leading cause of female infertility 

figure (2-13) (Zhang et al., 2023). 

 

 

Figure (2-13) Metabolism of exogenous dehydroepiandrosterone (Jethwani 

et al., 2023). 



 
 

 

 

 

 

 

 

Chapter Three 

Material and Methods 
 

 

 

 

 

 

 

 

 

 



 
 

3.1 Instruments and Laboratory Equipment used in the present 

study  

The main instruments and apparatus used in the present study were found 

in table (3-1) 

Table (3-1): List of the instruments with their company and origin. 

No Instrument Name  Company Origin 

1. Centrifuge Universal 16 A Sweden 

2. Cotton Dunya cotton Iraq 

3. Disposable syringes 5ml SUGAMA China 

4. Deep freeze Concord Lebanon 

5. Enzyme-linked immune 

sorbent assay (ELISA) system 

Human  Germany 

6. Eppendorf tube Fisher Scientific  China 

7. Gel tube Biozek China 

8. Gloves TGS China 

9. Human Reader HS Human  Germany 

10. Micropipettes  Huma pette Germany 

11. Multichannel Micropipettes, 

Fixed with different sizes 

Slamed Germany 

12. Plain tube Livcare India 

13. Refrigerator   Concord Lebanon 

14. Spectrophotometer  Human  Germany 

15. Tourniquet Guangjing 

Medical 

China 

16. Tip (micropipette yellow, 

blue) 

Expondo Germany 

  



 
 

3.2 Kits have been used in the research 

The important diagnostic kits used in this study were found in table (3-2): 

Table (3-2) List of Kits used in the present study: 

No Kits  Company Origin 

1. Anti-Müllerian hormone 

(AMH) 

Cloud-Clone Crop USA 

2. Anti-thyroid peroxidase (anti-

TPO) 

Cloud-Clone Crop USA 

3. Dehydroepiandrosterone sulfate  

(DHEA-S) 

Elabscience USA 

4. Estrogen (E2) Could-Clone Crop USA 

5. Follicle-stimulating hormone 

(FSH) 

Could-Clone Crop USA 

6. Inhibin-B Could-Clone Crop USA 

7. Luteinizing hormone (LH) Could-Clone Crop USA 

8. Prolactin hormone Cloud-Clone Crop USA 

9. Thyroid-stimulating hormone 

(TSH) 

Cloud-Clone Crop USA 

10. Triiodothyronine (T3 Could-Clone Crop USA 

11. Thyroxine (T4) Could-Clone Crop USA 

 

 

  



 
 

3.3 Study Design 

The case-control study design is demonstrated in Figure (3-1). 

In this study was thorough 120 females were enrolled, ages 20-45 

years. And samples were collected from Women Obstetrics & Gynecology 

Hospital and private clinics. The time frame for conducting the study was 

between October 2023 and May 2024. And based on the study`s 

experimental design and data formation for all participants. The 120 

volunteers in the current study were divided into two groups as follows: 

Group A: (60) infertile females suffering from ovarian disorders are used 

as patients (Kabodmehri., 2022). Then subdivided into the following 

groups: 

Group I: 47 infertile females with Polycystic Ovarian Syndrome 

Group II: 13 infertile females with Premature Ovarian Insufficiency  

Group III: Infertile females divided according to less and above (40 years) 

(Haapakoski., 2024).  

Group B: 60 healthy apparent females used as control 

      This group includes 60 healthy females who appeared to be without 

symptoms or chronic disease at the time of collection of samples. They 

were age-matched to the patient group. 

 

 

 

 

 



 
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

120 subject 

with range of 

age (20-40) 

Figure (3-1) Diagram of case- control study design 

60 

Infertility 

(47) Polycystic ovarian 

syndrome (PCOS) 

60 

Control 

(13) Premature Ovarian 

insufficiency (POI) 

Infertility 

Biomarkers 
Thyroid 

function test 
Androgen test 

 

• Testosterone 

• DHEA-S 

• Anti-TPO 

• TSH 

• T3 

• T4 

• Inhibin-B 

• AMH 

• Prolactin 

• Estrogen 

• LH 

• FSH 
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40 years 
Less than 

40 years 

 

Less than 

40 years 

Clinical Features 

Total Mass Fat (TMF%) 

Body Mass Index (BMI%) 

Body Fat Percentage (BF%) 

Blood Sample 



 
 

3.4 Data Collection 

 Patients who had signs and symptoms were diagnosed with 

infertility by the specialist physician who diagnosed patients by Rotterdam 

standards or ultrasound and was managing the patients and sent them to the 

laboratory for investigations. The questionnaire shown in table (3-3) 

contains descriptive information about each patient including Name, Age, 

Job, Infertility type, lab test, and whether patients have any other diseases 

or not. 

Table (3-3) Questioner sheet for the subject of the study 

CodeNumber

  

 

Age 

 

20-24 25-29 30-34 35-39 40-45 

Job Housewife Student Employee Teacher None 

Education level 

 

Illiterate 

Primary School 

Secondary School 

Institute 

University 

Address

  

A rural Urban  

Duration of marriage 

 

Month Years 

Date of last delivery  

Type of delivery Cesarean delivery Natural delivery 

No. Of Gravida No. of Para No, oF abortion ( if she has) 

Menstrual Cycle Regular Irregular 

Duration of infertility Month Years 

Type Of Infertility Primary Secondary 

Causes of infertility Husband wife 

Drug History Received drug? 

Type ………. 

Not received 

Medical Disease 
 
 

D.M  

Obesity 

Liver disease 



 
 

 

Biochemical test 

1. Dehydroepiandrosterone sulfate (DHEA-S) 

2. Prolactin hormone 

3. Inhibin-B 

4. Anti-thyroid peroxidase (Anti-TPO) 

5. Anti-Müllerian hormone (AMH) 

6. Follicle-stimulating hormone (FSH) 

7. Testosterone 

8. Luteinizing hormone (LH) 

9. Estrogen 

10. Prolactin hormone 

11. Thyroid-stimulating hormone (TSH) 

12. Triiodothyronine (T3)  

13. Thyroxine (T4) 

3.5 Inclusion Criteria 

• Only female with fertile age  

• Infertility female patients 

 

 

 

 
 

Heart Disease 

Kidney Disease 

The type of problem   

Ovulation causes 

 

Aging Polycystic 

ovarian 

syndrome 

Premature ovarian 

failure 

Ovarian 

reverse 



 
 

3.6 Exclusion Criteria  

• The females with any chronic disease such as heart disease, Kidney 

disease, and liver disease 

• Infertile result from male factors 

• Females with any cancer  

• Female infertility results from husband causes 

3.7 Blood Sample Collection  

5 ml of venous blood samples withdrawn were collected from all 

participant via vein puncture by sterile syringe from sterilizing the area, 

and all samples were identified by their specific numbers (ID) generated 

by the laboratory information system. Blood was put in a gel tube to let 

clot (to get the serum) and then, centrifuged at (4000rpm) for five minutes 

(Ashton., 2021). The serum was separated from blood contents and was 

conserved in sterile Eppendorf tubes, labeled with the sample name, and 

kept in deep freezing (-18 °C) to be used for LH, FSH, AMH, Testosterone, 

Estrogen, T3, T4, TSH. Subsequently, the remainder serum was used for 

DHEA-S, Inhibin-B, Prolactin, and Anti-TPO. 

3.8 Ethical statement 

  This study protocol was accepted after its review by the Medical 

Ethics Committee of the Faculty of Applied Medical Sciences of Karbala 

University Appendix (1). 

 

 

 

 



 
 

3.9 Methods 

3.9.1 Body mass index (BMI) 

BMI was calculated by using an electronic balance and height device to 

measure weight and length and then applying the equation below (Goacher 

et al., 2012). 

BMI = Weight (kg)  / Height (m2)  

3.9.2 Body Fat percentage (BF%) 

BF was calculated according to deurenberg formula (Deurenberg et al., 

1991) 

BF % = (1.20 × BMI) + (0.23 × Age) – (10.8 × Gender) – 5.4 × 100% 

3.9.3 Total Mass Fat (TMF) 

The body fat mass is the weight of fat in the body. It was calculated 

according to the heitmann formula (Heitmann, B. L.  1990). 

TMF = (0.988×BMI) +(0.344×Wight) +(0.094×Age)-30  

 

3.10 Measurement of Biochemical Markers  

3.10.1 Determination of Anti-thyroid peroxidase (Anti-TPO) 

This kit is a sandwich enzyme-linked immunosorbent assay (ELISA) for 

in vitro quantitative measurement of anti-TPO in human tissue 

homogenates, cell lysates, and other biological fluids. It is a specific test 

for diagnosing the immune response to defects in patients.                               

Anti-TPO, No.SEA557Hu, Could-Clone Crop, USA.   Appendix (2). 

 

 



 
 

3.10.2 Determination of Dehydroepiandrosterone sulfate (DHEA-S) 

This kit is a Competitive-enzyme-linked immunosorbent assay (ELISA) 

that applies to the in vitro quantitative determination concentrations of 

DHEA-S in serum, plasma, and other biological fluids, and is a specific 

test for diagnosing patients with infertility. DHEA-S, No.E-EL-0115, 

Elabscience, USA. Appendix (3) 

3.10.3 Determination of serum Inhibin-B  

 This kit is a Competitive inhibition enzyme-linked immunosorbent assay 

(ELISA) technique for the in-vitro quantitative measurement of INHB-B 

in human serum, plasma, tissue homogenates, cell lysates, cell culture 

supernates, and other biological fluids. Inhibin-B, No.CEA760Hu, Could-

Clone Croup, USA.  Appendix (4). 

3.10.4 Determination of Anti-Müllerian hormone (AMH) 

This kit is a competitive inhibition enzyme-linked immunosorbent assay 

(ELISA) technique for the in vitro quantitative measurement of AMH in 

human serum, plasma, tissue homogenates, cell lysates, cell culture 

supernates, and other biological fluids. AMH, No.CEA228Hu, Could-

Clone Croup, USA. Appendix (5). 

3.10.5 Determination of Follicle-stimulating hormone (FSH) 

 This kit is a sandwich enzyme-linked immunosorbent assay 

(ELISA) technique in vitro quantitative measurement of FSH in human 

serum, plasma, tissue homogenates, cell lysates, cell culture supernates, 

and other biological fluids. FSH, No.SEA830Hu, Could-Clone Croup, 

USA. Appendix (6). 

 

 



 
 

3.10.6 Determination of Luteinizing hormone (LH) 

 This kit is a competitive enzyme-linked immunosorbent assay 

(ELISA) technique in vitro quantitative measurement of luteinizing 

hormone in human serum, plasma, and other biological fluids. LH, 

No.CEA441Hu, Could-Clone Croup, USA. Appendix (7). 

3.10.7 Determination of Estrogen (E2) 

      This kit is a competitive enzyme-linked immunosorbent assay (ELISA) 

technique in vitro quantitative measurement of E2 in serum, plasma, tissue 

homogenates, cell lysates, cell culture supernates, and other biological 

fluids. Estrogen, No.CEA461Ge, Could-Clone Croup, USA. Appendix (8). 

3.10.8 Determination of Testosterone 

This kit is a competitive enzyme-linked immunosorbent assay 

(ELISA) technique for the in vitro quantitative measurement of 

testosterone in serum, plasma, and other biological fluids. Testosterone, 

No.HEA458Ge, Could-Clone Croup, USA. Appendix (9). 

3.10.9 Determination Prolactin hormone (PRL) 

This kit is a sandwich enzyme-linked immunosorbent assay 

(ELISA) technique for in vitro quantitative measurement of PRL in human 

serum, plasma, tissue homogenates, cell lysates, cell culture supernates, 

and other biological fluids. PRL, No.SEA846Hu, Could-Clone Croup, 

USA. Appendix (10). 

 

 

 

 



 
 

3.11 Estimation of Thyroid Hormone Tests 

3.11.1 Determination of Thyroid-stimulating hormone (TSH) 

This kit is a sandwich enzyme-linked immunosorbent assay 

(ELISA) technique for in vitro quantitative measurement of TSH in human 

serum. TSH, No.SEA463Hu, Could-Clone Croup, USA.  Appendix (11). 

3.11.2 Determination of Triiodothyronine (T3) 

This kit is a competitive enzyme-linked immunosorbent assay 

(ELISA) for the in vitro quantitative measurement of T3 in serum, plasma, 

and other biological fluids. T3, No.CEA453Ge, Could-Clone Croup, USA.  

Appendix (12). 

3.11.3 Determination of Thyroxine (T4) 

This kit is a competitive enzyme-linked immunosorbent assay 

(ELISA) for the in vitro quantitative measurement of T4 in serum, plasma, 

and other biological fluids. T4, No.CEA452Ge, Could-Clone Croup, USA.   

Appendix (13). 

3.12 Statistical Analysis 

Data analysis has been done statistically by employing software IBM SPSS 

statistical packages version 23. The analysis results have been summarized 

using descriptive statistics. In addition, Mean and Standard Deviation have 

been calculated in order to assess the statistical significance of the 

experimental results, a p-value of 0.01 probability threshold was utilized 

(Amrhein et al., 2019). Furthermore, the normality of the data was verified 

using the Shapiro-Wilk test, while the homogeneity of variance was 

examined with the Levene test. Nevertheless, in order to investigate the 

association between categorical and numerical variables, chi-square and 

Pearson's correlation analyses were conducted. Besides, multiple 



 
 

comparisons between groups were performed using analysis of variance 

(ANOVA), followed by Scheffe's and Duncan post-hoc tests for multiple 

comparisons within groups. Moreover, to find out cut-off points of the 

research parameters for critical patients, receiver operating characteristic 

(ROC) analyses were administrated. AUC was used for prediction strength, 

and optimum cut-off points were chosen using Youden’s index. Asterisks 

indicate data having a P value below 0.05 (Wasserstein et al., 2019). 

Finally, all graphs were generated using GraphPad Prism 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

Chapter Four 

Results & Discussion 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

4.1 The Demographic Study 

Table (4-1) Distribution and Characteristics of Patients and Control According to the study 

subjects. 

Parameters Level 
Control Patients Total 

P-value 
NO % No % No % 

Age Group 

20-25 24 40.00% 20 33.33% 44 36.67% 

0.811 
26-30 19 31.67% 21 35.00% 40 33.33% 

31-35 9 15.00% 12 20.00% 21 17.50% 

36-40 8 13.33% 7 11.67% 15 12.50% 

BMI Group 

P-Overweight 0 0.00% 26 43.33% 26 21.67% 

0.003** P-Obese 0 0.00% 34 56.67% 34 28.33% 

C-Overweight 60 100.00% 0 0.00% 60 50.00% 

T
y

p
e o

f cau
se o

f in
fertility

 

Classific

ation A 

Endocrine 

disorder (PCOS) 
0 0.00% 47 78.33% 47 39.17% 

0.008** Premature ovarian 

insufficiency(POI) 
0 0.00% 13 21.67% 13 10.83% 

Control 60 100.00% 0 0.00% 60 50.00% 

Classific

ation B 

P-PCOS(<40) 0 0.0% 39 65.0% 39 32.5% 

0.005** 

P-PCOS(>40) 0 0.0% 8 13.3% 8 6.7% 

P-POI(<40) 0 0.0% 13 21.7% 13 10.8% 

C-Age(<40) 49 81.7% 0 0.0% 49 40.8% 

C-Age(>40) 11 18.3% 0 0.0% 11 9.2% 

Medical 

Disease 

Diabetes mellitus 0 0.00% 1 1.67% 1 0.83% 

0.005** 

Obesity 5 8.33% 34 56.67% 39 32.50% 

Hypertension 4 6.67% 7 11.67% 11 9.17% 

Heart disease 1 1.67% 0 0.00% 1 0.83% 

None 50 83.33% 18 30.00% 68 56.67% 

Drug History 
Not receiving 60 100.00% 60 100.00% 120 100.00% 

0.001** 
Receiving 0 0.00% 0 0.00% 0 0.00% 

Type of 

infertility 

Primary 0 0.00% 25 41.67% 25 20.83% 

0.005** Secondary 0 0.00% 35 58.33% 35 29.17% 

N/A 60 100.00% 0 0.00% 60 50.00% 

Menstrual 

Cycle 

Regular 49 81.67% 12 20.00% 61 50.83% 
0.001** 

Irregular 11 18.33% 48 80.00% 59 49.17% 

Job 

House Wife 47 78.33% 53 88.33% 100 83.33% 

0.001** Student 2 3.33% 7 11.67% 9 7.50% 

Employee 11 18.33% 0 0.00% 11 9.17% 

Education 

level 

Illiterate 14 23.33% 3 5.00% 17 14.17% 

0.001** 

Primary schools 24 40.00% 17 28.33% 41 34.17% 

Secondary school 6 10.00% 17 28.33% 23 19.17% 

Institute 8 13.33% 2 3.33% 10 8.33% 

University 8 13.33% 21 35.00% 29 24.17% 

Address 
Rural 14 23.33% 20 33.33% 34 28.33% 

0.224 
Urban 46 76.67% 40 66.67% 86 71.67% 

Type of 

delivery 

Cesarean delivery 32 53.33% 37 61.70% 69 57.50% 
0.356 

Natural delivery 28 46.67% 23 38.30% 51 42.50% 

**. Association is significant at p≤ 0.01 level. 

P- Patients, C- Control 

 

 



 
 

4.2 AMH, Anti-TPO, DHEA-S levels in PCOS patients and control 

according to the BMI 

In Figure (4-1) the results demonstrated a high significant increase 

(p≤0.01) in the AMH level for both overweight and obese categories (10.83 

± 2.18), (11.10 ± 2.54) in PCOS patients, as compared to the overweight 

control group (3.11 ± 0.60). Also a high significant increase (p≤0.01) in 

the Anti-TPO level for both overweight and obese (16.20 ± 2.48), (16.20 ± 

1.95) PCOS patients, as compared to the overweight control group (5.92 ± 

0.96), also a high significant increase (p≤0.01) in DHEA-S level for 

overweight, obese (2.57 ± 0.36), (2.94 ± 0.59) PCOS patients, as compared 

to the overweight control group (0.89 ± 0.12).  

 

 

In the PCOS patients there is an increase in the number of follicles that did 

not develop until their full maturity, which means that the ovum did not 

reach to a mature stage, indicating increased levels of AMH produced from 

Figure (4-1) Comparison of the level of Parameters in PCOS patients and control 

at different classes of BMI 

 

(BMI) 

Le
ve
ls
 o
f 
h
o
rm

o
n
al
 P
ar
am

et
er
s 
± 
S.
D

 

(ng/mL) 

P= Patients, C= Control 

(BMI) 



 
 

ovaries, and that one of the reasons for PCOS was increase in BMI, that 

agrees with (Luo et al., 2021), disagrees with (Kloos et al., 2023). Anti-

TPO levels were also found to be elevated in PCOS individuals who were 

overweight or obese, PCOS is associated with some of the clinical signs 

and problems of thyroid dysfunctions i.e., irregular menstrual cycles, 

subfertility, insulin resistance, obesity, and dyslipidemia, according to 

researches, thyroid autoimmunity is linked to infertility and pregnancy 

complications like premature labor and loss due to the autoimmune 

response of the thyroid gland, which elevated in response to Anti-TPO 

levels, that agrees with (Gawron et al., 2022). DHEA-S levels are elevated 

in both overweight and obese PCOS patients, because it's considered 

androgens and PCOS will cause changes in the pattern or metabolism of 

androgen and its actions at the target tissue level, especially fatty tissue and 

that agreement with (Yasar et al., 2022) 

4.2.1 levels of Inhibin-B biomarker in PCOS patients and control 

according to the BMI 

The result in Figure (4-2) recorded a significant increase (p≤0.01) in 

Inhibin-B levels of both overweight and obese (265.52 ± 69.00), (268.05 ± 

76.91) PCOS patients, as compared to the overweight control group (36.76 

± 10.62). 

Inhibin-B levels showed an increase in both PCOS patients with 

overweight and obesity because a hormonal imbalance in these cases 

disrupts experimental development and increases Inhibin-B levels due to 

an increased number of granular cells (Ibrahim et al., 2022). 



 
 

4.2.2 AMH, Anti-TPO, DHEA-S levels in Premature Ovarian 

Insufficiency (POI) Patients and control according to BMI 

The result in figure (4-3) demonstrated a significant decrease (p≤0.01) in 

the AMH level for both overweight and obese (0.46 ± 0.15), (0.72 ± 0.50) 

POI patients, as compared to the overweight control group (3.11 ± 0.60). 

There was a significant increase (p≤0.01) in the Anti-TPO level for both 

overweight and obese (14.42 ± 1.39), (14.98 ± 1.03) POI patients, as 

compared to the overweight control group (5.92 ± 0.96). There as a 

significant decrease (p≤0.01) in DHEA-S level for overweight and obese 

(0.57 ± 0.21), (0.51 ± 0.25) POI patients, as compared to the overweight 

control group (0.89 ± 0.12).  

 

 

 

Figure (4-2) Comparison of the level of Inhibin-B in PCOS patients and control at 

different classes of BMI  
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This decrease in AMH levels are explained by failure in ovary function and 

reduced ovarian reserve of the ovum and that agreement with (Makolle et 

al., 2021). Anti-TPO levels it showed an increase in both groups of patients 

due to the increase in the autoimmunity of the thyroid gland in cases of 

ovarian failure is increasing the excretion of Anti-TPO antibodies, and that 

agreement with (Serin et al., 2021). Low levels of DHEA-S in both 

overweight and obese POI patients, that may be related to that DHEA-S is 

an important source of estrogen in the body, it provides about 75% pre-

menopausal estrogen and 100% post-menopausal estrogen in the body, so 

its decline leads to lower levels of androgens in POI patients, that agrees 

with (Wang et al., 2023). 

 

  

 

Figure (4-3) Comparison of the level of research parameters in POI patients and 

control at different classes of BMI  
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4.2.3 Levels of Inhibin-B biomarkers in POI patients and control 

according to the BMI 

The result showed a high significant decrease (p≤0.01) in Inhibin-B levels 

of both overweight and obese (18.97 ± 0.97), (18.95 ± 1.46) POI patients, 

as compared to the overweight control group (36.76 ± 10.62) fig (4-4).  

 

 

The reduced in levels of Inhibin-B for both overweight and obese POI 

patients. Inhibin-B is associated with the maturation of follicles in the 

ovaries, and it reduced in POI patients due to the failure of ovarian cells 

responsible for its production (Hussein et al., 2022).  

 

 

 

 

Figure (4-4) Comparison of the level of Inhibin-B in POI patients and control at 

different classes of BMI 
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4.2.4 AMH, Anti-TPO, DHEA-S in patients and control according to 

infertility causes (PCOS, POI) 

In Figure (4-5), the result revealed a high significant increase (p≤0.01) in 

the AMH level of PCOS patients (10.99 ± 2.37), while a high significant 

decrease (p≤0.01) in POI patients (0.60 ± 0.39), as compared to the control 

group (3.11 ± 0.60). Also a high significant increase (p≤0.01) in Anti-TPO 

levels of both (16.34 ± 2.17) PCOS, (14.72 ± 1.19) POI patients, as 

compared to the control group (5.92 ± 0.96). High significant increase 

(p≤0.01) in DHEA-S level of PCOS patients (2.79 ± 0.53), while a 

significant decrease (p≤0.01) in POI patients (0.54 ± 0.23) as compared to 

the control group (0.89 ± 0.12). 

 

AMH levels in PCOS are correlated with ovarian reserve, and it increased 

due to increase its synthesis and secretion by preantral and small antral 

follicles, the level of AMH increases with antral follicles count (AFC) at a 

consistent rate of 0.2 ng/ml per follicle (Muharam et al., 2022). Premature 

Figure (4-5) Comparison of the level of Biomarkers in PCOS and POI infertile 

patients as compared to control 
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ovarian failure is characterized by decreasing gradually of AMH, and this 

decline is a better marker for evaluating ovarian function than Inhibin-B or 

antral follicle count (AFC) in females with increased FSH levels and can 

be used as a sensitive index for early diagnosis of POI (Cai et al., 2022). 

In PCOS patients, the increase in the levels of serum Anti-TPO due to the 

pathophysiological mechanism of these antibodies could be related to the 

fact that Anti-TPO is likely to pass through the blood-follicle barrier during 

the maturation period and leads to a cytotoxic environment that damages 

the maturing oocyte; thus, it is proven that the rise in these antibodies can 

lead to impaired fertility, this agrees with (Van der Ham et al., 2023), 

disagrees with (Kim et al., 2022). In POI patients increase in the 

concentration of Anti-TPO in follicular fluid is about half that of serum 

Anti-thyroid antibodies and ultimately leads to ovarian dysfunction, this 

agreement with (Wang et al., 2024).  

The elevated DHEA-S concentrations for PCOS as a response to acute 

stress affect metabolic, endocrine, and ovarian functions (Stogowska et al., 

2022). DHEA-S levels were decreased in POI patients, this decrease due 

to a reduction in the ovarian reserve, this hormone has a critical role in the 

synthesis of estrogen important in the building tissue of women's 

reproductive system, which agrees with (Soman et al., 2020). 

4.2.5 Levels of Inhibin-B in patients and control according to infertility 

causes (PCOS, POI) 

Figure (4-6) demonstrated a significant increase (p≤0.01) in the Inhibin-B 

level of PCOS patients (266.97 ± 72.88), while a high significant decrease 

(p≤0.05) in POI patients (18.96 ± 1.21), as compared to the control group 

(36.76 ± 10.62). 

 



 
 

 

Elevated in the levels of Inhibin-B in PCOS patients are due to the increase 

in ovarian reserve, so the elevated concentration means over activity in the 

ovaries, which agrees with (Sadig  et al., 2023). While in POI patients the 

reduced level of Inhibin-B indicates ovarian inefficiency, and this 

agreement with (Yang, X., & Yang, L. 2023). 

4.2.6 The AMH, Inhibin-B, Anti-TPO, DHEA-S levels in PCOS, POI 

patients, and control according to Age. 

The result in the table (4-2) found a very high significant increase (p≤0.01) 

in the AMH level for age (<40) years (10.89 ± 2.37), (>40) years (11.45 ± 

2.46) PCOS patients, while a high significant decrease at (p≤0.01) in POI 

patients (<40) years (0.60 ± 0.39), as compared to both control age (<40) 

years (3.13 ± 0.59), (>40) years (3.06 ± 0.67) respectively, also a high 

significant increase at (p≤0.01) in Inhibin-B level of age (<40) years 

(273.55 ± 75.25), (>40) years (234.91 ± 52.43) PCOS patients, while 

decrease in the Inhibin-B level of POI patients (<40) years (18.96 ± 1.21), 

as compared to both group of control age (<40) years (35.58 ± 10.48), 

Figure (4-6) Comparison of the level of Inhibin-B in PCOS and POI infertile 

patients as compared to control 
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(42.04 ± 10.04). Also a high significant increase at (p≤0.01) in Anti-TPO 

levels for age (<40) years (16.08 ± 2.14), (>40) years (17.63± 1.93) PCOS 

patients, (<40) years (14.72 ± 1.19) POI patients, as compared to both 

control age (<40) years (5.92 ± 0.99), (>40) years (5.93 ± 0.84), high 

significant increase at (p≤0.01) in the DHEA-S level for both (<40) years 

(2.75 ± 0.55), (>40) years (2.94 ± 0.46) PCOS patients, while a high 

significant decrease at (p≤0.01) in POI patients (<40) years (0.54 ± 0.23), 

as compared to both control age (<40) years (0.88 ± 0.11),  (>40) years 

(0.89 ± 0.13). 

تعيش ؟   ماذا تحتاج الكائنات الحية كي   غذاء .    - هواء    - ماء   

هي الكائنات الحية ؟  ما    
نبات    - حيوان    - انسان  
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تختلف الكائنات الحية    بماذا
 عن الأشياء الغير حية ؟  

تأكل  الكائنات الحية :  
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 وتتحرك وتنمو .  

الأشياء غير الحية : لا  
ب ولا   تأكل ولا تشر
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ن الطائرة والطائر    ما الفرق بير
 ؟  

والطيار  الطائرة غير حية 
 كائن حي .  

    

هي النباتات ؟    ما  
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 تنتقل من مكان لآخر .  
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هل السيارة كائن حي ؟   
 ولماذا ؟  

لأنها لا  غير حي . 
ب ولا   تتغذى ولا تشر
 تنمو ولا تتنفس  

    

   ما معنى النمو ؟ 
الحي يكير  يعني ان الكائن 

 ويتغير .  
    

بماذا يتكاثر الانسان ؟ وكيف    
؟ ما هي مراحل نمو الانسان  
 ؟  

الام طفلا  بالولادة . تلد 
ا وترضعه   صغير
الحليب ثم ينمو  
 ويتعلم الحبو 

والجلوس والوقوف ثم    
ي ثم يتناول  

المشر
الطعام بنفسه ثم ينمو  

 ويذهب  
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 الروضة والمدرسة .  
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 الحية  
    

ما طرق تكاثر الحيوانات ؟     
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 تتكاثر بالبيض .  

  - البيض : الطيور  
الأسماك.    - الدجاج  
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 الخيول  
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تكاثر النباتات ؟  ما طرق     
اخذ    - الفسائل   - البذور 

 جزء منها وزراعته .  
    

مما يتكون النبات ؟     
  - الأوراق    - الجذر الساق 

البذرة    - الثمرة    - الزهرة  
  . 

    

ما هو الجذر وأين ينمو ؟     
  - النبات  الجذر جزء من 

بة .    ينمو داخل الي 
    

ما وظيفة الجذر ؟     
بة  امتصاص الماء من  الي 

ي    - 
ن
تثبيت النبات ف

 الأرض .  
    

يأكل الانسان جذور بعض    
 النبات ما هي ؟  

الشلغم    - الفجل    - الجزر 
 . 

    

 الأجوبة   الأسئلة  
بة .    - جزء من النبات   ما هو الساق وأين ينمو ؟   ينمو فوق سطح الي 

ما وظيفة الساق ؟     نقل الماء من الجذور الى اوراق النبات    - حمل الأوراق   

Generally, the AMH serum is at its highest levels at a young age and then 

gradually declines after 35 years in healthy women, it is thought that the 

decrease in AMH with age was attributed to an overall decrease in the 



 
 

number of antral follicles, the AMH levels increase in PCOS is due to their 

high levels of follicles, so AMH is suggested as the strongest diagnostic 

marker in patients with PCOS compared to the LH/FSH ratio (Evliyaoglu 

et al., 2020), while in POI patients AMH levels are very low or negligible, 

and this decreased in serum AMH levels are a reflection of decreased 

ovarian reserve and suggests ovarian failure (Wafa et al., 2020).  

Inhibin-B levels of reproductive-age women decrease with age. In PCOS 

patients, Inhibin-B levels increase due to the increased number of small 

growing follicles that are characteristic of PCOS, also excess in Inhibin-B 

production inhibits the FSH levels production, contributing to the 

hormonal irregularities seen in PCOS (Sadig et al., 2023). In POI patients 

a decrease in levels of Inhibin-B is considered one of the predictive factors 

for ovarian function in POI patients, recently, studies have shown a 

significantly continuous decline in Inhibin-B accompanying the progress 

of POI, so when the level of Inhibin-B decreases, the excretion of the 

hormone FSH will increase and this hormonal imbalance indicates a failure 

of ovarian function (Zhu et al., 2021).  

At every age, women were twice as likely to have increase TPO antibodies 

as men. The elevated Anti-TPO levels in both PCOS and POI adversely 

affect fertility and reproductive outcomes by creating a cytotoxic 

environment that damages the maturing oocyte reducing its quality and 

fertilization chances (Hsieh, Y. T., & Ho, J. Y. 2021; Akdulum et al., 

2022).  

The variation in levels of androgens is significantly influenced by age in 

healthy women, as well as in those with PCOS and other reproductive 

problems. The rise of DHEA-S in individuals with PCOS is attributed to 



 
 

the stimulation of adrenal steroidogenesis associated with the condition 

(Carmina, E., & Longo, R. A. 2022).  

Whereas POI patients have a decline in DHEA-S levels due to a deficiency 

of estrogens, they may also have a loss of ovarian androgens because of 

the atrophy of the ovarian cortex, DHEA-S is thought to be one of the 

fundamental prerequisites for a healthy woman, the lack of androgens such 

as DHEA-S may lead to symptoms of sexual dysfunction, such as 

decreased libido, loss of sexual responsiveness, or decreased sexual 

arousal, other clinical manifestations are a diminished sense of well-being, 

dysphoric mood, cognitive dysfunction, and persistent, and unexplained 

loss of energy (Soman et al., 2020). 

4.3 Hormonal parameters in patients and control. 

4.3.1 Hormonal levels in PCOS patients and control according to BMI. 

In Figure (4-7) the result found a highly significant decrease (p≤0.01) in 

the FSH level for both overweight and obese (5.65 ± 2.50), (5.97 ± 2.18) 

PCOS patients, as compared to the overweight control group (8.10 ± 2.15), 

also a high significant increase (p≤0.01) in the prolactin level for both 

overweight and obese (28.49 ± 5.32), (29.79 ± 4.75) PCOS patients, as 

compared to the overweight control group (13.44 ± 3.30). Found a high 

significant increase (p≤0.01) in the Testosterone level for both overweight 

and obese (55.64 ± 17.23), (60.67 ± 17.52) PCOS patients, as compared to 

the overweight control group (5.34 ± 0.90). In addition a high significant 

increase (p≤0.01) in the LH level for both overweight and obese (16.09 ± 

4.62), (17.94 ± 6.53) PCOS patients, as compared to the overweight control 

group (2.93 ± 1.28), (16.09 ± 4.62), (17.94 ± 6.53) PCOS patients, as 

compared to the overweight control group (2.93 ± 1.28). 



 
 

 

The primary abnormalities in PCOS is the abnormal release of GnRH. 

Instead of being released in a regular cyclic manner, GnRH is released 

rapidly, this disrupts the release of the LH and FSH in a way that LH is 

increased but FSH is decreased into the peripheral circulation (Saadia, Z., 

2020).  Higher levels of prolactin in overweight and obese PCOS patients 

were due to insulin resistance phenomenon (Mastnak et al., 2023). Levels 

of testosterone is elevated in overweight and obese PCOS due to the high 

levels of LH but also because of increased levels of insulin that are usually 

seen with PCOS (Sudhakaran et al., 2023).   
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Figure (4-7) Comparison of hormonal Parameters in PCOS patients and control 

according to the BMI Group. 
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4.3.2 Estrogen levels in PCOS patients and control according to the 

BMI 

In figure (4-8) a result found high significant increase (p≤0.01) in the 

Estrogen levels of both overweight and obese (200.03 ± 39.65), (176.04 ± 

52.08) PCOS patients, as compared to the overweight control group (24.93 

± 7.23). 

 

The elevation in the Estrogen levels in both overweight and obese PCOS 

patients due to having a high percentage of body fat which in turn affect 

the production of estrogen from the ovaries and peripheral conversion of 

fat to estrogen (Khmil et al., 2020). 

4.3.3 Hormonal levels in POI patients and control according to BMI 

The result of the present study found a high significant increase (p≤0.0) i1n 

the FSH level for both overweight and obese (35.51 ± 1.63), (31.80 ± 4.06) 

POI patients, as compared to the overweight control group (8.10 ± 2.15), 

also a high significant increase (p≤0.01) in the prolactin level for both 

Figure (4-8) Comparison of Estrogen in PCOS patients and control according to 

the BMI Group 
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overweight and obese (23.69 ± 2.13), (28.09 ± 2.06) POI patients, as 

compared to the overweight control group (13.44 ± 3.30). Results found no 

significant (p≤0.01) in the Testosterone level of obese POI patients (6.19 

± 2.02), a significant increase (p≤0.01) in overweight patients POI (8.47 ± 

1.19), as compared to the overweight control group (5.34 ± 0.90). 

Additionally, a high significant increase (p≤0.01) in the LH level for both 

overweight and obese (19.42 ± 4.01), (20.07 ± 1.73) POI patients, as 

compared to the overweight control group (2.93 ± 1.28) fig (4-9).  

 

 

This raised in FSH for POI patients is related to the ovary does not produce 

enough estrogen, that agrees with (Baheti et al., 2020).  The levels of 

prolactin are elevated in all POI because of the insulin resistance 

phenomenon caused as a result of hypothalamic-pituitary abnormality (Du 

et al., 2024). Testosterone mildly increase in patients may be due to the 

high levels of LH (Fatima et al., 2020). High levels of LH can signify that 

Figure (4-9) Comparison of hormonal Parameters in POI patients and control 

according to the BMI Group. 
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there are no enough steroid hormones needed for reproductive process due 

to failure of ovarian ability to produce estrogen and testosterone (Hong et 

al., 2022).  

4.3.4 Levels of Estrogen in POI patients and control according to the 

BMI. 

The result in figure (4-10) demonstrated a significant decrease (p≤0.01) in 

the Estrogen level for both overweight and obese (10.07 ± 1.55), (10.07 ± 

1.45) POI patients, as compared to the overweight control group (24.93 ± 

7.23). 

 

The decrease in levels of estrogen in both overweight and obese POI 

patients because inability of the ovarian cell to produce estrogen 

(Ghahremani‐Nasab et al., 2020). 

 

Figure (4-10) Comparison of Estrogen levels in POI patients and control according 

to the BMI Group. 
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4.3.5 The level of hormonal parameters in patients and control 

according to infertility causes (PCOS, POI) 

The result of the present study in figure (4-11) found a high significant 

decrease (p≤0.01) in the FSH level of PCOS patients (5.83 ± 2.30), while 

a high significant increase (p≤0.01) in POI patients (33.51 ± 3.61), as 

compared to the control group (8.10 ± 2.15), also a high significant increase 

(p≤0.01) in the Prolactin level in both PCOS and POI patients (29.24 ± 

4.99), (26.06 ± 3.04), as compared to the control group (13.44 ± 3.30). 

Also, a high significant increase (p≤0.01) in the Testosterone levels of 

PCOS patients (58.53 ± 17.39), but no any significant in POI patients (7.24 

± 2.01), as compared to the control group (5.34 ± 0.90). Also, there was a 

highly significant increase (p≤0.01) in the LH level of both PCOS, and POI 

patients (17.15 ± 5.81), (19.77 ±2.88), as compared to the control group 

(2.93 ± 1.28).  

 Figure (4-11) Comparison of the level of Parameters in PCOS, POI infertile 

patients as compared to the control. 
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This increase in the levels of FSH in POI patients this rise is due to the low 

E2 levels production from ovaries. E2 levels is needed for the negative 

feedback mechanism of the pituitary gland to secrete gonadotropic 

hormone (high FSH levels) (Karaer, I., & Tuncay, G. 2020).  

As for the PCOS patients, the levels of FSH are relatively decreased. The 

primary abnormality in PCOS is the abnormal release of GnRH; instead of 

being released in a regular cyclic manner, GnRH is released in large 

amounts throughout the day, this defect in the release process of the LH 

and FSH in the way that LH is increased but FSH is decreased in the 

peripheral circulation (Xu et al., 2022).  

The levels of prolactin are elevated in both PCOS and POI. In PCOS 

prolactin could inhibit ovulation and lead to polycystic ovarian 

morphology. In POI, high prolactin levels interfere with the normal 

production of other hormones, such as estrogen and progesterone, this can 

change or stop ovulation (the release of an ovum from the ovary), it can 

also lead to irregular or missed menstrual cycles but it wasn't as high as in 

PCOS (Mahmoud et al., 2020; Kamrul-Hasan, A. B. M., & Aalpona, F. T. 

Z. 2024).  

In PCOS patient androgen excretion increases, and since testosterone is 

considered an androgen family member, its production increases either 

because of the high levels of LH or because of increased levels of insulin 

that are usually seen with PCOS (Valdimarsdottir et al., 2021).  While there 

was no difference between normal levels at controls and testosterone levels 

in POI patients. 

High levels of LH recorded in patients with polycystic ovaries this increase 

due it is speculated that hyperandrogenic conditions in PCOS may reduce 

hypothalamic sensitivity to negative feedback from estradiol and 



 
 

progesterone, leading to increased LH secretion and decreased FSH 

secretion from the pituitary, regarding POI LH also increase due to same 

mechanism of negative feedback of estradiol and progesterone, leading to 

increased LH secretion and decreased FSH secretion, that agrees with 

(Wang et al., 2022). 

4.3.6 Levels of Estrogen in patients and control according to infertility 

causes (PCOS, POI) 

the results in figure (4-12) demonstrated a high significant increase 

(p≤0.01) in the Estrogen level of PCOS patients (186.25 ± 48.23), decrease 

(p≤0.01) in POI patients (10.07 ± 1.43) as compared to the control group 

(24.93 ± 7.23). 

 

The raised in levels of LH in PCOS cause excess production of ovarian 

thecal estrogen, whereas relative deficiency of FSH causes follicular arrest, 

polycystic ovarian morphology, and oligo-ovulation, and that agreement 

with (Liu et al., 2022) and, disagreement with (Yang, J., & Chen, C. 2024).  

Figure (4-12) Comparison of the level of Estrogen in PCOS, POI infertile patients 

as compared to the control 

 

Infertility causes 

Es
tr
o
ge
n
 le
ve
ls
 ±
 S
.D

 

(ng/mL) 



 
 

While in POI decrease in estrogen occurs when the defect in the ovaries 

leads causes anovulation and produces less estrogen due to dysfunction in 

the cells responsible for its production and that agree with (Zhang, C., 

2020). 

4.3.7 Hormonal levels in an infertility patients and control according 

to Age  

The result in table (4-3) demonstrated high significant decrease (p≤0.01) 

in the FSH level of (<40) (5.63 ± 2.22), (>40) (6.81 ± 2.59) PCOS patients, 

while a high significant increase (p≤0.01) in POI patients(<40) (33.51 ± 

3.61), as compared to both control age (<40) (8.10 ± 2.23), (>40) (8.10 ± 

1.85), also a high significant increase (p≤0.01) in the Prolactin level of both 

(<40 years) (29.14 ± 4.87), (>40 years) (29.69 ± 5.88)PCOS, (<40 years) 

(26.06 ± 3.04) POI, as compared to both control age (<40 years) (13.28 ± 

3.31), (>40 years) (14.17 ± 3.32). Also found a high significant increase 

(p≤0.01) in Testosterone level of both age (<40 years) (57.64 ± 17.56), 

(>40 years) (62.83± 16.99) PCOS, and no any significant difference in POI 

(<40 years) (7.24 ± 2.01), as compared to both control age (<40 years) 

(5.31 ± 0.86), (>40 years) (5.43 ± 1.10). Estrogen showed high significant 

increase (p≤0.01) in (<40 years) (183.26 ± 49.46), (>40 years) (200.81 ± 

41.37) PCOS, while no significant difference in POI (<40 years) (10.07 ± 

1.43), as compared to both control age (<40 years) (24.01 ± 6.93), (>40 

years) (29.05 ± 7.42). Also a very high significant increase (p≤0.01) in the 

LH level in both (<40 years) (17.54 ± 6.07), (>40 years) (15.27 ± 4.17), 

and POI (<40 years) (19.77 ± 2.88), as compared to both control age (<40 

years) (2.96 ± 1.36), (>40 years) (2.75 ± 0.92). 

In table (4-3) the rising levels of serum FSH with age is at least in part due 

to declining Inhibin-B secretion, so reduced Inhibin-B production by a 

decreasing growing follicle population (as the ovarian reserve is depleted 



 
 

with age) may elevate FSH secretion, and this toxic to ovulatory oocytes 

(Dursun, P., 2024). Prolactin levels are elevated in women under 50 years 

due to the insulin resistance phenomenon, that occurs in both PCOS and 

POI (Geng et al., 2023). Testosterone levels are at their highest during 

adolescence and early adulthood and may start to decline between ages 45 

and 55 years in females, in PCOS high levels of insulin causes the ovaries 

to produce too much testosterone, which interferes with the development 

of the follicles and prevents normal ovulation (Zhao et al., 2020). Aging is 

associated with a loss of sex hormones (androgens and estrogens), and with 

age and access to menopause, LH levels will increase as your levels of 

estrogen and progesterone decrease (Negrón, A. L., & Radovick, S. 2020).  

        
        

        

        
        
        
        

        

        
        
        
        

        

        
        
        
        

        

        
        
        
        

        

        
        
        
        

        
        
        

 



 
 

4.3.8 Levels of thyroid hormone in PCOS patients and control 

according to BMI 

The result in Table (4-4) demonstrated no significant difference (p≤0.01) 

in the TSH level of overweight and obese (1.99 ± 0.78), (2.10 ± 0.99) PCOS 

patients, as compared to the overweight control group (2.03 ± 1.31), Also, 

a no any significant difference (p≤0.01) in T3 level of overweight and 

obese (1.00 ± 0.25), (0.97 ± 0.24) PCOS patients, as compared to the 

overweight control group (1.05 ± 0.40). And no significant difference 

(p≤0.01) in the T4 level of overweight and obese (9.73 ± 1.27), (9.68 ± 

2.09) PCOS patients, as compared to the overweight control group (10.46 

± 2.39). 

Table (4-4): Comparison of the level of thyroid hormone in PCOS patients and 

control according to BMI  

Parameters Level Mean ± Std. D P. value 

TSH(ulU/ml) 

P-Overweight 2.06 ± 0.78 

0.934 P-Obese 2.10 ± 0.99 

C-Overweight 2.02 ± 1.31 

T3(ng/mL) 

P-Overweight 1.00 ± 0.25 

0.586 P-Obese 0.97 ± 0.24 

C-Overweight 1.05 ± 0.4 

T4(ng/L) 

P-Overweight 9.73 ± 1.27 

0.202 P-Obese 9.68 ± 2.09 

C-Overweight 10.46 ± 2.39 

**. The mean difference is non-significant  

P- Patient, C- Control 

According to studies small increases in TSH levels may lead weight gain, 

If the thyroid is over or underactive is causes abnormal T3 and T4 

production, which can affect ovulation regulation and reduce fertility (Zia, 

B., Nisar, S., & Ansari, S. Z. 2023). 

 

 

 



 
 

4.3.9 Levels of thyroid hormone in POI patients and control according 

to the BMI 

In Table (4-5) the result showed no significant difference (p≤0.01) in the 

TSH level of overweight and obese (2.03 ± 1.08), (2.11 ± 1.09) POI 

patients, as compared to the overweight control group (2.02 ± 1.31), Also, 

a no any significant difference (p≤0.01) in T3 level of overweight and 

obese (1.07 ± 0.26), (1.04 ± 0.29) POI patients, as compared to the 

overweight control group (1.05 ± 0.40). And found no significant 

difference (p≤0.01) in the T4 level of overweight and obese (9.31 ± 1.27), 

(9.42 ± 1.94) POI patients, as compared to the overweight control group 

(10.46 ± 2.39). 

Table (4-5): Comparison of the level of thyroid hormone in POI patients and control 

according to BMI 

Parameters Level Mean ± Std. D P. value 

TSH (ulU/ml) 

P-Overweight 2.03  ± 1.08 

0.984 P-Obese 2.11  ± 1.09 

C-Overweight 2.02 ±  1.31 

T3 (ng/mL) 

P-Overweight 1.07  ± 0.26 

0.987 P-Obese 1.04  ± 0.29 

C-Overweight 1.05  ± 0.4 

T4 (ng/L) 

P-Overweight 9.31  ± 1.27 

0.305 P-Obese 9.42  ± 1.94 

C-Overweight 10.46 ± 2.39 

**. The mean difference is non-significant  

P- Patient, C- Control 

Hyperthyroidism can lead to elevated levels of the protein SHBG and 

prolactin hormone, which can prevent the ovaries from releasing ovum, 

this can lead to infertility and other reproduction-related problems, 

including loss of pregnancy, menstrual disruptions (Poppe, K., 2021).  

While between 2 to 4% of people of reproductive age have 

hypothyroidism, which is characterized by an unusually high TSH cause 

decrease in T3, T4 levels, and Low of thyroid hormone levels can interfere 



 
 

with the release of an ovum from ovaries (ovulation), which impairs 

fertility (Koyyada, A., & Orsu, P., 2020).  

4.3.10 Levels of thyroid hormone in patients, and control according to 

infertility causes (PCOS, POI) 

The result in table (4-6) demonstrated no any significant difference 

(p≤0.01) in the TSH level of PCOS patients (2.05 ± 0.90), and POI patients 

(2.07 ± 1.04), as compared to the control group (2.02 ± 1.31), also no any 

significant difference (p≤0.01) in T3 level of PCOS patients (0.98 ± 0.24), 

and POI patients (1.05 ± 0.27), as compared to the control group (1.05 ± 

0.40). Also no significant difference (p≤0.01) in T4 levels of both patients 

group (9.71 ± 1.77) PCOS, (9.37 ± 1.60) POI, as compared to the control 

group (10.46 ± 2.39). 

Table (4-6): Comparison of the thyroid hormone in patients and control according to 

Infertility causes 

Parameters Level Mean ± Std. D P. Value 

TSH (ulU/ml) 

PCOS 2.05  ± 0.9 

0.9812 POI 2.07  ± 1.04 

Control 2.02  ± 1.31 

T3(ng/mL) 

PCOS 0.98  ± 0.24 

0.5629 POI 1.05  ± 0.27 

Control 1.05  ± 0.4 

T4(ng/L) 

PCOS 9.71  ± 1.77 

0.0888 POI 9.37  ± 1.6 

Control 10.46  ± 2.39 

**. The mean difference is non-significant  

Since both hypothyroidism and hyperthyroidism interfere with the 

ovulation process, they affect the fertility status of the woman and the 

abillity to conceive by preventing the release of an ovum once a month 

during menstruation or by not releasing one at all (Bari et al., 2020).  

Thyroid abnormalities may exacerbate reproductive problems and have an 

impact on fertility, abnormal thyroid-stimulating hormone levels may also 

be linked to many metabolic disorders and are considered as one of PCOS 

risks (Kirkegaard et al., 2024).  



 
 

The most prevalent type of autoimmune disease linked to POI is thyroid 

disease, with 12 to 33% of POI patients presenting with varying degrees of 

autoimmune thyroid disease (AITD), in particular, hypothyroidism 

brought on by Hashimoto's thyroiditis can upset the delicate hormonal 

balance necessary for normal ovarian function, which may lead to ovarian 

dysfunction and POI (Li et al., 2022).  

4.3.11 Levels of thyroid hormone in PCOS and POI patients and 

control according to the Age 

The result in table (4-7) showed no any significant difference (p≤0.01) in 

the TSH level of (<40 years) (2.04 ± 0.91), (>40 years) (2.13 ± 0.91) PCOS 

patients, POI (<40 years) (2.07 ± 1.04), as compared to both control age 

(1.89 ± 1.19), (2.58 ± 1.71), no any significant difference (p≤0.01) in T3 

level of (<40 years) (0.99 ± 0.24), (>40 years) (0.95 ± 0.23) PCOS patients, 

POI (<40 years) (1.05 ± 0.27) as compared to both control age (1.06 ± 

0.40), (1.03 ± 0.45). Additionally, no significant difference (p≤0.01) in T4 

level of (<40 years) (9.85 ± 1.64), (>40 years) (9.03 ± 2.31) PCOS patients, 

POI (<40 years) (9.37 ± 1.60) as compared to both group of control (10.73 

± 2.29), (9.28 ± 2.60). 

Recent data from observational studies suggest that serum TSH levels 

increase in older people and cause decreases in T3 and T4 hormones, also, 

very mild TSH elevations in older individuals may not reflect subclinical 

thyroid dysfunction but rather be a normal consequence of aging (Mele et 

al., 2022).  

 

 

 



 
 

Table (4-7): Comparison of hormonal Parameters in patients and control according 

to Age 

Parameters Aging Mean ± Std. D P.value 

TSH(ulU/ml) 

P-PCOS(<40) 2.04  ± 0.91 

0.5064 

P-PCOS(>40) 2.13  ± 0.91 

P-POI(<40) 2.07  ± 1.04 

C-Age(<40) 1.89  ± 1.19 

C-Age(>40) 2.58  ± 1.71 

T3(ng/mL) 

P-PCOS(<40) 0.99  ± 0.24 

0.8642 

P-PCOS(>40) 0.95  ± 0.23 

P-POI(<40) 1.05  ± 0.27 

C-Age(<40) 1.06  ± 0.4 

C-Age(>40) 1.03  ± 0.45 

T4(ng/L) 

P-PCOS(<40) 9.85  ± 1.64 

0.0377* 

P-PCOS(>40) 9.03  ± 2.31 

P-POI(<40) 9.37  ± 1.6 

C-Age(<40) 10.73  ± 2.29 

C-Age(>40) 9.28  ± 2.6 

**. The mean difference is non-significant  

P- Patient, C- Control 

 

4.4 Correlation among studied groups 

4.4.1 Correlation Coefficient of different parameters according to the 

PCOS patients. 

In table (4-8) shows a significant positive correlation (p≤0.01) between 

DHEA-S with BMI (r=0.228) and TBF% (r=0.293), also found a strong 

positive correlation (p≤0.01) with prolactin, testosterone, and estrogen 

(r=0.484), (r=0.43), and (r=0.36) respectively. Also a strong negative 

correlation (p≤0.01) between FSH with both prolactin and testosterone (r=-

401), (r=-334) respectively. In additionally found a significant positive 

correlation (p≤0.01) between Anti-TPO with both prolactin and 

testosterone (r=0.585), (0.445) respectively, showed positive correlation 

(p≤0.01) between AMH with both testosterone and estrogen (r=0.32) and 

(r=0.309). Also a strong positive correlation (p≤0.01) between LH and 

testosterone (r=0.344), and a negative correlation (p≤0.01) between 

Estrogen and testosterone (r=-0.39). Also, found a negative correlation 



 
 

(p≤0.01) between Testosterone and FSH (r=-0.334), and a positive 

correlation (p≤0.01) with prolactin (r=0.806). The table demonstrated a 

strong negative correlation (p≤0.01) between prolactin and FSH (r=-

0.401). 

 

High levels of BMI correlated to high levels of DHEA-S which causes 

symptoms of hyperandrogen, an essential symptom of PCOS, and that 

agrees with (Aghayeva et al., 2023). Prolactin directly affects fertility, 

through its inhibition of FSH hormone and GnRH, these hormones are 

directly responsible for ovulation, so higher prolactin affects the ability to 

ovulate and leads to delayed pregnancy, that agrees with (Yang et al., 

2021). Higher levels of FSH are often a sign of a condition in the 

reproductive glands that prevents them from making normal levels of sex 

hormones and that explains the negative correlation between FSH and 

testosterone, that agrees with (Morshed et al., 2021). The increase in 

Parameters Value TBF% BF%
FSH 

(mlU/ml)

Prolactin 

 (ng/ml)

Testosterone 

(pg/ml)

Esrtrogen

(pg/mL)

LH 

(mlU/mL)

AMH 

(ng/mL)

Anti-TPO 

(ng/ml)

DHEA-S 

(ul)

R 0.987
**

0.965
** 0.009 0.072 0.026 -0.261 0.012 0.055 0.049 0.288

*

P 0 0 0.95 0.632 0.861 0.077 0.934 0.714 0.745 0.049

R 1 0.986
** 0.041 0.071 0.027 -0.22 -0.001 0.06 0.085 0.293

*

P `0.0001 0.782 0.636 0.857 0.138 0.996 0.69 0.571 0.045

R 1 0.054 0.065 0.015 -0.171 -0.082 0.079 0.104 0.314
*

P 0.717 0.664 0.922 0.25 0.582 0.599 0.487 0.031

R 1 `-0.401
**

`-0.334
* 0.251 -0.044 0.092 -0.226 -0.2

P 0.005 0.022 0.089 0.767 0.54 0.127 0.178

R 1 0.806
** -0.263 0.206 -0.25 0.585

**
0.484

**

P 0 0.074 0.164 0.09 0 0.001

R 1 `-0.391
**

0.344
*

`-0.320
*

0.445
**

0.430
**

P 0.007 0.018 0.028 0.002 0.003

R 1 -0.165 .309
* 0.097 -0.36

P 0.267 0.034 0.516 0.013

R 1 -0.07 0.093 0.004

P 0.64 0.534 0.98

R 1 -0.239 -0.372

P 0.106 0.01

R 1 `0.416
**

P 0.004

R 1

P 

TBF%

Table (4-13):  Correlation Coefficient Among Research Parameters in PCOS Patients

BMI(kg/m2)

BF%

FSH(mlU/ml)

-**. Correlation is significant at the 0.01 level.

-*. Correlation is significant at the 0.05 level.

DHEA-S(ul)

Prolactin(ng/ml)

Testosterone(pg/ml)

Esrtrogen(pg/mL)

Anti-TPO(ng/ml)

LH(mlU/mL)

AMH(ng/mL)

Table (4-8): Correlation Coefficient Among Research Parameters in PCOS Patients 



 
 

prolactin levels in plasma is associated with high concentrations of DHEA-

S, that agree with (Krysiak et al., 2023). In PCOS limiting the conversion 

of testosterone to estrogen, thereby leading to increased endogenous 

testosterone and decreased estrogen (Li et al., 2020). And in PCOS, the 

pituitary gland secrets high amounts of hormone (LH) and ovaries also 

release high amounts of testosterone, which delays or misses the menstrual 

cycle and leads to difficulty in pregnancy, as well as increased hair in the 

face and body and the appearance of acne, that agree with (Moshfegh et 

al., 2022). Testosterone is able to promote the upregulation and secretion 

of AMH in granulosa cells, so a high level of testosterone leads increase in 

AMH, that agrees with (Alhassan et al., 2023). Positive correlation 

between testosterone and Anti-TPO in PCOS patients, that agree with 

(Sharma et al., 2022). Hyperandrogenism is common in PCOS, often as 

elevated testosterone and DHEA-S levels in PCOS patients, that agree with 

(Boucher et al., 2024). The positive correlation between estrogen and 

AMH, that agrees with (Capuzzo, M., & La Marca, A. 2021). The body 

uses DHEA-S to make androgens and estrogens hormones so in PCOS 

patients the reason for the high estrogen is due to the high DHEA-S, that 

agree with (Rababa'h et al., 2020). In PCOS patients the higher serum 

DHEA-S levels correlated with higher serum AMH levels in infertile 

women, that agrees with (Lin, L. T., & Tsui, K. H. 2021). With a positive 

correlation between Anti-TPO and DHEA-S, that agrees with (Fawzy 

Mohamed Abo-Tahoon et al., 2023).  

4.4.2 Correlation Coefficient of biomarkers according to the POI 

patients. 

In Table (4-9) the result demonstrated a significant positive correlation 

(p≤0.01) between FSH, testosterone, and prolactin (r=0.744), (r=0.619), 

and (r=0.653) respectively with BMI. AMH revealed a significant positive 



 
 

correlation (p≤0.01) with testosterone (r=0.578), found a strong positive 

correlation (p≤0.01) between DHEA-S and AMH (r=0.678). 

 

Increase FSH levels in POI patients, could be responsible for weight gain 

due are causes imbalance in form of fat storage, that agree with (Huang et 

al., 2021). And elevated in prolactin is associated with increased food 

intake and weight and that agreement with (Pirchio et al., 2022). The 

obesity effect on ovaries when the loss of ovarian activity comes a decrease 

in levels of testosterone, as well as estrogen and progesterone. and that 

agreement with (Soman et al., 2020). Since testosterone is able to promote 

the upregulation and secretion of AMH in granulosa cells in POI patients 

when lower in testosterone is decrease in AMH levels and that agree with 

(Shrikhande et al., 2020; Wang et al., 2023). 

 

 

Parameters Value TBF% BF%
T3 

(ng/mL)

FSH 

(mlU/ml)

Prolactin 

(ng/ml)

Testosterone 

(pg/ml)

AMH 

(ng/mL)

Anti-TPO 

(ng/ml)

DHEA-S 

(ul)

R `0.672
*

`0.805
** -0.142 `0.744

**
`0.653

*
`0.619

* 0.171 0.392 -0.167

P 0.012 0.001 0.643 0.004 0.015 0.024 0.575 0.185 0.584

R 1 0.451 -0.262 -.633
* 0.443 -0.205 0.088 -0.027 -0.495

P 0.122 0.387 0.02 0.13 0.502 0.775 0.93 0.086

R 1 -0.288 `0.643
* 0.358 `0.680

* 0.174 0.247 -0.081

P 0.34 0.018 0.229 0.011 0.569 0.415 0.791

R 1 0.321 0.038 -0.308 `0.608
*

`0.629
*

`0.733
**

P 0.285 0.901 0.305 0.028 0.021 0.004

R 1 -0.169 0.489 -0.184 -0.127 0.121

P 0.582 0.09 0.548 0.679 0.694

R 1 -0.279 0.308 0.222 -0.123

P 0.356 0.306 0.465 0.688

R 1 `-0.578
* -0.463 -0.378

P 0.039 0.111 0.203

R 1 0.436 `0.678
*

P 0.137 0.011

R 1 0.541

P 0.056

R 1

P 

*. Correlation is significant at p≤ 0.05 level.

AMH(ng/mL)

Anti-TPO(ng/ml)

DHEA-S(ul)

T3(ng/mL)

FSH(mlU/ml)

Prolactin(ng/ml)

Testosterone(pg/ml)

**. Correlation is significant at p≤ 0.01 level.

BF%

TBF%

BMI(kg/m2)

Table(4-14):  Correlation Coefficient Among Research Parameters in POI PatientsTable (4-9): Correlation Coefficient Among Research parameters in POI patients 



 
 

4.4.3 Correlation coefficient between AMH and DHEA-S 

concentration in PCOS Patients.  

According to figure (4-13) the result found a strong positive correlation 

(p≤0.01) between AMH and DHEA-S in PCOS, that related to the DHEA-

S hormone which converts into androgens (mainly testosterone) in females, 

which is essential in the production and development of a healthy ovum. 

When elevated DHEA-S levels the ovum production rate increases, and so 

AMH levels increase and that agree with (Gleicher et al., 2022), while 

disagreement with (Lin, L. T., & Tsui, K. H. 2021).  

 

4.4.4 Correlation coefficient between Inhibin-B and Anti-TPO 

concentration in PCOS Patients 

The result in figure (4-14), demonstrated that highly significant a negative 

correlation (p≤0.01) between Inhibin-B and Anti-TPO in PCOS patients. 

When occurs abnormal processes the thyroid gland releases Anti-TPO as 

an immune response to these defects, the increase in these autoantibodies 

Figure (4-13): Correlation coefficient between AMH and DHEA-S level in PCOS 

patients. 
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is related to the fact that anti-TPO is likely to pass through the blood–

follicle barrier during the maturation period and lead to a cytotoxic 

environment that damages the maturing oocyte, and that effect on ovaries, 

lead to decrease in Inhibin-B levels, thus, it is proven that the rise in these 

antibodies can lead to impaired fertility and miscarriage (Silva et al., 2022).  

 

4.4.5 Correlation coefficient between Anti-TPO and DHEA-S 

concentration in PCOS Patients 

According to figure (4-15), showed a positive correlation (p≤0.01) between 

DHEA-S and Anti-TPO in PCOS. In PCOS patients DHEA-S elevation is 

due to stimulation of adrenal steroidogenesis and the high levels of LH in 

this disease, in general, the DHEA-S is converted to testosterone, which 

interferes with the development of the follicles and prevents normal 

ovulation, the physiological amount of testosterone regulates both the 

secretion of thyroid-stimulating hormone and the amount of its receptor; 

however, in higher amounts of testosterone, this function would be 

Figure (4-14) Correlation coefficient between Inhibin-B and Anti-TPO level in 

PCOS patients. 
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reversed and may lead increase in the rate of release of Anti-TPO (Sharma 

et al., 2022). 

 

 

4.4.6 Correlation coefficient between AMH and DHEA-S 

concentration in POI Patients. 

In figure (4-16) the result revealed that a strong positive correlation 

(p≤0.01) between AMH and DHEA-S in POI patients. POI patients suffer 

from low ovarian reserve and failure to function normally; one of the 

hallmarks of this imbalance can be considered to be decreased or absent 

AMH levels. In addition, ovaries do not manufacture sufficient quantities 

of DHEA-S and androgens as their primary source, so there is a marked 

decrease in DHEA-S levels as well (Wang et al., 2023).  
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Figure (4-15) Correlation coefficient between Anti-TPO and DHEA-S level in 

PCOS patients 



 
 

 

4.4.7 Correlation coefficient of Testosterone and AMH concentration 

in POI Patients 

In figure (4-17) results found a strong negative correlation (p≤0.01) 

between AMH and Testosterone in POI patients. The testosterone that 

output from DHEA-S is able to promote the upregulation and secretion of 

AMH in granulosa cells, that means testosterone able to affect in 

recruitment and development of follicle, so in POI patients when decrease 

in DHEA-S that effect on AMH levels, poor AMH value results in a low 

in ovarian reserve, indicating poor follicle growth, thus reducing the 

number of oocytes produced (Shrikhande et al., 2020).  

 

 

 

 

 

 

 

Figure (4-16) Correlation coefficient between AMH and DHEA-S levels in POI 

patients. 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

C
o

n
ce

n
tr

at
io

n
 o

f 
D

H
E

A
-S

(u
l)

Concentration of AMH(ng/mL)

r=0.678*

p=0.011



 
 

 

4.5 Receiver Operative Characteristic Curve (ROC)  

4.5.1 ROC Curve according to research Parameters 

The result in table (4-10) and figure (4-18) suggested that AMH (95% CI: 

0.918-1.000; P-value: 0.001; Cutoff Point: 4.143; AUC: 96.306%) with 

Sensitivity to Specificity 96.667%-95.000%; and Accuracy: 95.830%. 

Inhibin-B (95% CI: 0.907-1.000; P-value: 0.001; Cutoff Point: 77.347; 

AUC: 95.417%) with Sensitivity to Specificity 91.667%-98.333%; and 

Accuracy: 95.000%. And for Anti-TPO (95% CI: 0.970-1.000; P-value: 

0.001; Cutoff Point: 9.306 AUC: 98.861%) with Sensitivity to Specificity 

96.676%- 96.667%; and Accuracy: 97.000%. And for DHEA-S (95% CI: 

0.992-1.000; P-value: 0.001; Cutoff Point: 1.480 AUC: 99.694%) with 

Sensitivity to Specificity 98.333%-96.667%; and Accuracy: 97.500% in 

identifying infertility. 

 

 

 

Figure (4-17) Correlation coefficient between Testosterone and AMH levels in 

POI patients 
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Table (4-10): Receiver Operative Characteristic (ROC) for analysis 

Metrics 
AMH 

(ng/mL) 

Inhibin-B 

(pg/ml) 

Anti-TPO 

(ng/ml) 

DHEA-S 

(ul) 

Std. Error 0.023 0.024 0.010 0.003 

Asymptotic Sig. 0.002 0.009 0.002 0.006 

Asymptotic 95% 

Confidence Interval 

Lower Bound 0.918 0.907 0.970 0.992 

Upper Bound 1.000 1.000 1.000 1.000 

Cutoff Point 4.143 77.347 9.306 1.480 

Area Under Curve (AUC) 96.306% 95.417% 98.861% 99.694% 

Sensitivity 96.667% 91.667% 96.676% 98.333% 

Specificity 95.000% 98.333% 96.667% 96.667% 

Accuracy 95.830% 95.000% 97.000% 97.500% 

Positive Predictive Value 95.080% 98.210% 96.671% 96.720% 

Negative Predictive Value 96.610% 92.190% 96.670% 98.310% 

Comparable results were documented in previous studies that showed that 

the AUC, sensitivity, and specificity for AMH are (91.6%, 100%, 100%) 

(Sun et al., 2022). Another previous study showed the sensitivity and 

specificity for AMH (88.6% and 84.6%) (De Loos et al., 2021). Studies 

were that showed that the AUC, sensitivity, and specificity of both Inhibin-

B were (82.84%, 36.8 %, 86.6 %) (AL-Azawea, B. R., & Mossa, H. A. 

2021). and Anti-TPO (88.45%, 91.7%, 87.1%) (Rashad et al., 2024). 

Another previous study showed sensitivity and specificity for Inhibin-B 

(95%, 86%) (Al-Ezairjawi et al., 2020). And (95.7%, 88.5%) (He et al., 

2020). And DHEA-S (4.0%, 95%, 85.1%) (Wang, Z., 2023), another 

previous study showed the sensitivity and specificity for DHEA-S (72.0% 

and 82.93%) (Chen et al., 2021). 

 

 

 

 

 

 



 
 

 

 

4.5.2 ROC Curve according to research hormonal parameters  

The results in table (4-11) and figure (4-19) suggest that prolactin (95% 

CI: 0.907-0.982; P-value: 0.001; Cutoff Point: 19.373; AUC: 94.472%) 

with Sensitivity to Specificity 93.333%-85.000%; and Accuracy: 89.167%. 

And for Testosterone (95% CI: 0.900-0.997; P-value: 0.001; Cutoff Point: 

7.254; AUC: 94.875%) with Sensitivity to Specificity 88.333%-98.333%; 

and Accuracy: 93.330%. Also for Estrogen (95% CI: 0.668-0.871; P-value: 

0.001; Cutoff Point: 56.945; AUC: 76.917%) with Sensitivity to 

Specificity76.667%-93.333%; and Accuracy: 85.000%.  And for LH (95% 

CI: 0.891-0.985; P-value: 0.001; Cutoff Point: 11.325; AUC: 93.778%) 

with Sensitivity to Specificity 83.333%-96.667%; and Accuracy: 90.000% 

in identifying infertility. 

Figure (4-18) ROC Curve demonstrating the sensitivity and specificity values for 

research biomarkers 

 



 
 

Comparable results were documented in previous studies that showed that 

the AUC, sensitivity, and specificity of Prolactin were (83.2%, 77%, 88%,) 

(Pedachenko et al., 2021). And Testosterone (88.9%, 92.6%, 85.4%) 

(Wang et al., 2020). As the Estrogen (76.6%; 92.1%, 55.8%) (Deng et al., 

2022). And LH (93.2%; 80%, 93%) (Weghofer, A et al., 2020). Another 

studies that showed that the AUC, sensitivity, and specificity of Prolactin 

were (85.3%, 76.9%, 86.1%) (Kim et al., 2023). And LH (93.2%; 86.3%: 

95%) (Alhassan et al., 2023). 

 

 

 

 

 

 

Table (4-11): Receiver Operative Characteristic (ROC) according to research analysis 

Metrics 
Prolactin 

(ng/ml) 

Testosterone 

(pg/ml) 

Estrogen 

(pg/mL) 

LH 

(mlU/mL) 

Std. Error 0.019 0.025 0.052 0.024 

Asymptotic Sig. 0.004 0.002 0.003 0.001 

Asymptotic 95% 

Confidence Interval 

Lower Bound 0.907 0.900 0.668 0.891 

Upper Bound 0.982 0.997 0.871 0.985 

Cutoff Point 19.373 7.254 56.945 11.325 

Area Under Curve (AUC) 94.472% 94.875% 76.917% 93.778% 

Sensitivity 93.333% 88.333% 76.667% 83.333% 

Specificity 85.000% 98.333% 93.333% 96.667% 

Accuracy 89.167% 93.330% 85.000% 90.000% 

Positive Predictive Value 86.154% 98.150% 92.000% 96.150% 

Negative Predictive Value 92.727% 89.390% 80.000% 85.290% 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4-19) ROC Curve demonstrated the sensitivity and specificity values for 

research parameters 

 



 
 

 

 

 

 

 

 

Conclusions and 

Recommendations 
 

 

 

 

 

 

 

 



 
 

Conclusions   

Based on the results obtained in this study, we can conclude the following: 

1. Anti-TPO, DHEA-S, prolactin, and Inhibin-B are good parameters to 

evaluate and prognosis for PCOS and POI in an infertile female. 

2. The levels of anti-TPO, Prolactin, and LH biomarkers increased in all 

types of infertility patients; which can be used as early detection of 

infertility, and intervention is considered crucial to decreasing the 

damage caused by these changes which subsequently affect the patient 

future fertility.  

3. Females with a high body mass index (BMI) are more susceptible to the 

development of polycystic ovarian syndrome (PCOS). 

4. In PCOS, and POI cases the concentrations of AMH, Anti-TPO, 

Inhibin-B, DHEA-S biomarkers, and androgen hormones are affected 

by age, BMI, and weight. 

5. There was a significant positive correlation between AMH, DHEA-S, 

and between DHEA-S, Anti-TPO in PCOS patients, with a positive 

correlation between AMH and DHEA-S in POI patients. Meanwhile, 

there was a significant negative correlation between Inhibin-B, Anti-

TPO in PCOS patients, with a negative correlation between AMH and 

DHEA-S in POI patients. 

6. No significant changes were found in the thyroid hormones among 

PCOS and POI patients when compared with the control. 

 

 

 

 



 
 

Recommendations 

In future studies, the following points are recommended: 

1. Recommended to increase the study population for POI patients in order 

to reach to the important knowledge about pathogenesis, and metabolic 

pathway for this disease. 

2. Recommended to study the other novel biomarkers such as (Leptin, 

adiponectin, MMP-9, and S100A8) in PCOS and POI patients 

3. Increasing future studies to validate the sensitivity and specificity of 

plasma Anti-TPO, Inhibin-B, DHEA-S, and prolactin as diagnostic 

biomarkers associated with infertility could well improve knowledge.  

4. Recommended to study the relationship of other parameters in the 

occurrence of infertility in obese and non-obese females. 

5. Recommended to expand the use of Prolactin, Inhibin-B, FSH, LH, and 

androgen as biomarkers for the diagnosis or prediction of PCOS, and 

POI. 

6. Recommended to study the genetic factors and family history to predict 

and detect infertility. 
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Appendix (1) Compliance & Ethical Statement 

Ethical statement 

  This study protocol was accepted after its review by the Medical 

Ethics Committee of the Faculty of Applied Medical Sciences of Karbala 

University. The research ethics of this study also identify authorization at 

the Women's and Obstetrics Hospital in Karbala, as well as some 

community health centers or laboratories. The objectives of the study 

were described to all participants, and oral approvals were obtained from 

them. Before being included in the study, they were made aware of any 

possible risks in accordance with the Declaration of Helsinki principles. 

Sample processing and laboratory examinations of the examined 

parameters were conducted in the hospital's laboratories and infertility 

unit. Reviewed and approved the study protocol, subject data, and 

permission form by the local ethics committee. This was done by 

document number IQ.UOK.CAMS.DCL.REC.4. 

 

 

 

 

 

  

 

 

 

 



 
 

 

 

 

 



 
 

Appendix (2): Determination of Anti-thyroid peroxidase (Anti-TPO) 

Anti-thyroid peroxidase (Anti-TPO) ELISA Kit 

 A specific kit for measuring human Anti-TPO concentration in 

serum was supplied by USA- Could-Clone Crop. No.SEA557Hu 

Principle 

The microplate has been pre-coated with an antibody specific to 

TPO. Anti-TPO in the samples is added and binds to the antibody coat on 

the wells that is specific to TPO, and the biotinylated Anti-TPO is added 

and binds to Anti TPO in the sample then Avidin conjugated to 

Horseradish Peroxidase (HRP) and binds to biotinylated Anti-TPO. After 

incubation, unbound Avidin-HRP\ is washed. The TMB substrate 

solution is added and color changes proportionately to the amount of 

human Anti-TPO. The reaction is terminated by the addition of sulphuric 

acidic solution (Stop solution) and absorbance is measured at 450nm. 

Reagent Preparation 

1. All reagents should bring to room temperature (18-25 °C) before use.  

2. Standard- Reconstitute the Standard with 0.5mL of Standard Diluent, 

kept for 10 minutes at room temperature, shake gently  (not to foam). 

The concentration of the standard in the stock solution is 50ng/mL.  

Please prepare 7 tubes containing 0.25mL Standard Diluent and 



 
 

produce a double dilution series according  to the picture shown below. 

Mix each tube thoroughly before the next transfer. Set up 7 points of 

diluted  standard such as 50ng/mL, 25ng/mL, 12.5ng/mL, 6.25ng/mL, 

3.12ng/mL, 1.56ng/mL, 0.78ng/mL, and the  last EP tubes with 

Standard Diluent is the blank as 0ng/mL 

 

3. Detection Reagent A and Detection Reagent B- Briefly spin or 

centrifuge the stock Detection A and  Detection B before use. Dilute 

them to the working concentration 100-fold with Assay Diluent A and 

B, respectively. 

4. Wash Solution- Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water  to prepare 600mL of Wash 

Solution (1×). 

5. TMB  substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

Assay Procedure 

1. Determine wells for diluted standard, blank and sample. Prepare 7 

wells for standard, 1 well for blank. Add 100μL each of dilutions of 

standard (read Reagent Preparation), blank and samples into the 

appropriate wells. Cover with the Plate sealer. Incubate for 1 hour at 

37 °C. 



 
 

2. Remove the liquid of each well, don’t wash. 

3. Add 100μL of Detection Reagent A working solution to each well, 

cover the wells with the plate sealer and incubate for 1 hour at 37 °C. 

4. Aspirate the solution and wash with 350μL of 1× Wash Solution to 

each well using a squirt bottle, multi-channel pipette, manifold 

dispenser or autowasher, and let it sit for 1-2 minutes. Remove the 

remaining liquid from all wells completely by snapping the plate onto 

absorbent paper. Totally wash 3 times. After the last wash, remove 

any remaining Wash Buffer by aspirating or decanting. Invert the 

plate and blot it against absorbent paper. 

5. Add 100μL of Detection Reagent B working solution to each well, 

cover the wells with the plate sealer and incubate for 30 minutes at 37 

°C. 

6. Repeat the aspiration/wash process for total 5 times as conducted in 

step 4. 

7. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 10- 20 minutes at 37 °C (Don't exceed 30 

minutes). Protect from light. The liquid will turn blue by the addition 

of Substrate Solution. 

8. Add 50μL of Stop Solution to each well. The liquid will turn yellow 

by the addition of Stop solution. Mix the liquid by tapping the side of 

the plate. If color change does not appear uniform, gently tap the plate 

to ensure thorough mixing. 

9. Remove any drop of water and fingerprint on the bottom of the plate 

and confirm there is no bubble on the surface of the liquid. Then, run 

the microplate reader and conduct measurement at 450nm 

immediately. 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curve of Anti-thyroid peroxidase (Anti-TPO) 



 
 

Appendix (3): Determination of Dehydroepiandrosterone sulfate 

(DHEA-S) 

Dehydroepiandrosterone sulfate (DHEA-S) ELISA Kit 

 A specific kit for measuring human DHEA-S concentration 

in serum was supplied by USA- Elabscience. No.E-EL-0115 

Principle  

This kit includes a microplate that has been pre-coated with 

DHEA-S. DHEA-S present in samples is bound with a specific DHEA-S 

antibody on the solid phase and then a Biotinylated DHEA-S antibody is 

added and bound to DHEA-S in the sample. Avidin conjugated to 

Horseradish Peroxidase (HRP) and binds to the Biotinylated DHEA-S 

antibody. After incubation, unbound Avidin-HRP is washed. The TMB 

substrate solution is added and color changes proportionately to the 

amount of human DHEA-S. The reaction is terminated by the addition of 

sulphuric acidic solution (Stop solution) and absorbance is measured at 

450nm. 

Reagent Preparation 

1. All reagents should to room temperature (18-25 ℃) before use.   

2. Wash Buffer: Dilute 30 mL of Concentrated Wash Buffer with 720 

mL of deionized or distilled water to prepare 750 mL of Wash Buffer. 

Note: if crystals have formed in the concentrate, warm it in a 40 ℃ 

water bath and mix it gently until the crystals have completely 

dissolved. 

3. Standard working solution: Centrifuge the standard at 10,000×g for 

1 min. Add 1.0 mL of Reference Standard & Sample Diluent, let it 

stand for 10 min and invert it gently several times. After it dissolves 

fully, mix it thoroughly with a pipette. This reconstitution produces a 



 
 

working solution of 10 ng/mL (or add 1 mL of Reference Standard 

&Sample Diluent, let it stand for 1-2 min and then mix it thoroughly 

with a vortex meter of low speed. Bubbles generated during vortex 

could be removed by centrifuging at a relatively low speed). Then 

make serial dilutions as needed. The recommended dilution gradient 

is as follows: 10, 5, 2.500, 1.250, 0.630, 0.320, 0.16, 0 ng/mL. 

Dilution method: Take 7 EP tubes, add 500uL of Reference Standard 

& Sample Diluent to each tube. Pipette 500uL of the 10 ng/mL 

working solution to the first tube and mix up to produce a 5 ng/mL 

working solution. Pipette 500uL of the solution from the former tube 

into the latter one according to this step. The illustration below is for 

reference. 

Note: the last tube is regarded as a blank. Don’t pipette solution into it 

from the former tube. Gradient diluted standard working solution should 

be prepared just before use. 

4. Biotinylated Detection Ab working solution: Calculate the required 

amount before the experiment (50 μL/well). In preparation, slightly 

more than calculated should be prepared. Centrifuge the Concentrated 

Biotinylated Detection Ab at 800×g for 1 min, then dilute the 100× 

Concentrated Biotinylated Detection Ab to 1× working solution with 



 
 

Biotinylated Detection Ab Diluent (Concentrated Biotinylated 

Detection Ab: Biotinylated Detection Ab Diluent= 1: 99). The 

working solution should be prepared just before use. 

5. Concentrated HRP Conjugate working solution: HRP Conjugate 

is HRP conjugated avidin. Calculate the required amount before the 

experiment (100 μL/well). In preparation, slightly more than 

calculated should be prepared. Centrifuge the Concentrated HRP 

Conjugate at 800×g for 1 min, then dilute the 100× Concentrated HRP 

Conjugate to 1× working solution with HRP Conjugate 

Diluent(Concentrated HRP Conjugate: HRP Conjugate Diluent= 1: 

99). The working solution should be prepared just before use. 

Assay procedure  

1. Determine wells for diluted standard, blank, and sample. Add 50 

μL each dilution of standard, blank, and sample into the appropriate 

wells (It is recommended that all samples and standards be assayed 

in duplicate. It is recommended to determine the dilution ratio of 

samples through preliminary experiments or technical support 

recommendations). Immediately add 50 μL of Biotinylated 

Detection Ab working solution to each well. Cover the plate with the 

sealer provided in the kit. Incubate for 45 min at 37 ℃. Note: solutions 

should be added to the bottom of the micro ELISA plate well, avoid 

touching the inside wall and causing foaming as much as possible. 

2. Decant the solution from each well, and add 350 μL of wash buffer 

to each well. Soak for 1 minute and aspirate or decant the solution 

from each well and pat it dry against clean absorbent paper. Repeat 

this wash step 3 times. Note: a microplate washer can be used in this 

step and other wash steps. Make the tested strips in use immediately 

after the wash step. Do not allow wells to be dry. 



 
 

3. Add 100 μL of HRP Conjugate working solution to each well. 

Cover the plate with a new sealer. Incubate for 30 min at 37 °C. 

4. Decant the solution from each well, repeat the wash process 5 times 

as conducted in step 2. 

5. Add 90 μL of Substrate Reagent to each well. Cover the plate with 

a new sealer. Incubate for about 15 min at 37 °C. Protect the plate 

from light. Note: the reaction time can be shortened or extended 

according to the actual color change, but not more than 30 min. 

Preheat the Microplate Reader for about 15 min before OD 

measurement. 

6. Add 50 μL of Stop Solution to each well. Note: adding the stop 

solution should be done in the same order as the substrate solution. 

7. Determine the optical density (OD value) of each well at once with a 

micro-plate reader set to 450 nm. 

 

Appendix (4) Determination of serum Inhibin-B  

Standard curve of Dehydroepiandrosterone sulfate (DHEA-S) ELISA Kit 



 
 

Inhibin-B ELISA kit 

A specific kit for measuring human Inhibin-B concentration in 

serum was supplied by USA- Could-Clone Croup. No.CEA760Hu 

Principle  

  On a microplate, an INHB-B specific to monoclonal antibodies has 

been pre-coated. Using the pre-coated INHB-specific antibody, a 

competitive inhibition process is initiated between biotin-labeled and 

unlabeled INHB-B (Standards or samples). After incubation, unbound 

Avidin-HRP is washed. The TMB substrate solution is added and color 

changes proportionately to the amount of human INHB-B. The reaction 

is terminated by the addition of sulphuric acidic solution (Stop solution) 

and absorbance is measured at 450nm. 

Reagent Preparation 

1. All reagents should brought to room temperature (18-25 °C) before 

use 

2. Standard- Reconstitute the Standard with 1.0mL of Standard Diluent, 

kept for 10 minutes at room temperature, shake gently (not to foam). 

The concentration of the standard in the stock solution is 1,500pg/mL. 

Please firstly dilute the stock solution to 500pg/mL and the diluted 



 
 

standard serves as the highest standard (500pg/mL). Then prepare 5 

tubes containing 0.6mL Standard Diluent and produce a triple dilution 

series according to the picture shown below. Mix each tube thoroughly 

before the next transfer. Set up 5 points of diluted standard such as 

500pg/mL, 166.67pg/mL, 55.56pg/mL, 18.52pg/mL, 6.17pg/mL, and 

the last EP tubes with Standard Diluent is the blank as 0pg/mL. 

3. Detection Reagent A- Reconstitute the Detection Reagent A with 

150μL of Reagent Diluent, kept for 10 minutes at room temperature, 

shake gently (not to foam). Dilute to the working concentration with 

Assay Diluent A (1:100). 

4. Detection Reagent B- Briefly spin or centrifuge the stock Detection 

B before use. Dilute to the working concentration with Assay Diluent 

B (1:100). 

5. Wash Solution- Dilute 20mL of Wash Solution concentrate (30×) 

with 580mL of deionized or distilled water to prepare 600mL of Wash 

Solution (1×). 

6. TMB substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

Assay procedure  



 
 

1. Determine wells for diluted standard, blank and sample. Prepare 5 

wells for standard points, 1 well for blank. Add 50μL each of dilutions 

of standard (read Reagent Preparation), blank and samples into the 

appropriate wells, respectively. And then add 50μL of Detection 

Reagent A to each well immediately. Shake the plate gently (using a 

microplate shaker is recommended). Cover with a Plate sealer. 

Incubate for 1 hour at 37 °C. Detection Reagent A may appear cloudy. 

Warm to room temperature and mix gently until solution appears 

uniform. 

2. Aspirate the solution and wash with 350μL of 1X Wash Solution to 

each well using a squirt bottle, multi-channel pipette, manifold 

dispenser or autowasher, and let it sit for 1-2 minutes. Remove the 

remaining liquid from all wells completely by snapping the plate onto 

absorbent paper. Repeat 3 times. After the last wash, remove any 

remaining Wash Buffer by aspirating or decanting. Invert the plate and 

blot it against absorbent paper. 

3. Add 100μL of Detection Reagent B working solution to each well. 

Incubate for 30 minutes at 37 °C after covering it with the Plate sealer. 

4. Repeat the aspiration/wash process for total 5 times as conducted in 

step 2. 

5. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 10- 20 minutes at 37 °C (Don't exceed 30 minutes). 

Protect from light. The liquid will turn blue by the addition of 

Substrate Solution. 

6. Add 50μL of Stop Solution to each well. The liquid will turn yellow 

by the addition of Stop solution. Mix the liquid by tapping the side of 

the plate. If color change does not appear uniform, gently tap the plate 

to ensure thorough mixing. 



 
 

7. Remove any drop of water and fingerprint on the bottom of the plate 

and confirm there is no bubble on the surface of the liquid. Then, run 

the microplate reader and conduct measurement at 450nm 

immediately. 

This standard curve is only for demonstrated purposes. A standard 

curve should be generated with each assay. 

 

 

 

 

 

 

 

 

Appendix (5) Determination of serum Anti-Müllerian hormone 

(AMH) 

Standard curve of Inhibin-B ELISA Kit 



 
 

Anti-Müllerian hormone (AMH) ELISA kit 

 A specific kit for measuring human AMH concentration in 

serum was supplied by USA- Could-Clone Croup. No.CEA228Hu 

Principle 

The monoclonal antibody specific to AMH is pre-coated onto a 

microplate. After the incubation, Avidin conjugated to Horseradish 

Peroxidase (HRP) is added to each microplate well and incubated. The 

amount of bound HRP conjugate is reverse proportional to the 

concentration of AMH in the sample. The TMB substrate solution is added 

and color changes proportionately to the amount of human AMH. The 

reaction is terminated by the addition of sulphuric acidic solution (Stop 

solution) and absorbance is measured at 450nm.  

Reagent Preparation 

1. All reagents should bring to room temperature (18-25 °C) before use.  

2. Standard- Reconstitute the Standard with 0.5mL of Standard Diluent, 

kept for 10 minutes at room temperature, shake gently (not to foam). 

The concentration of the standard in the stock solution is 15,000pg/mL. 

Please prepare 5 tubes containing 0.25ml Standard Diluent and produce 

a double dilution series according to the picture shown below. Mix each 



 
 

tube thoroughly before the next transfer. Set up 5 points of diluted 

standard such as 15,000pg/mL, 7,500pg/mL, 3,750pg/mL, 1,875pg/mL, 

937.5pg/mL, and the last EP tubes with Standard Diluent is the blank 

as 0pg/mL. 

3. Detection Reagent A and Detection Reagent B- Briefly spin or 

centrifuge the stock Detection A and Detection B before use. Dilute 

them to the working concentration 100-fold with Assay Diluent A and 

B, respectively. 

4. Wash Solution- Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water to prepare 600mL of Wash 

Solution (1×). 

5. TMB substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

Assay procedure  

1. Determine wells for diluted standard, blank and sample. Prepare 5 wells 

for standard points, 1 well for blank. Add 50μL each of dilutions of 

standard (read Reagent Preparation), blank and samples into the 

appropriate wells, respectively. And then add 50μL of Detection 

Reagent A to each well immediately. Shake the plate gently (using a 

microplate shaker is recommended). Cover with a Plate sealer. Incubate 



 
 

for 1 hour at 37 °C. Detection Reagent A may appear cloudy. Warm to 

room temperature and mix gently until solution appears uniform. 

2. Aspirate the solution and wash with 350μL of 1X Wash Solution to each 

well using a squirt bottle, multi-channel pipette, manifold dispenser or 

autowasher, and let it sit for 1-2 minutes. Remove the remaining liquid 

from all wells completely by snapping the plate onto absorbent paper. 

Repeat 3 times. After the last wash, remove any remaining Wash Buffer 

by aspirating or decanting. Invert the plate and blot it against absorbent 

paper.  

3. Add 100μL of Detection Reagent B working solution to each well. 

Incubate for 30 minutes at 37 °C after covering it with the Plate sealer. 

4. Repeat the aspiration/wash process for total 5 times as conducted in  

step 2. 

5. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 10- 20 minutes at 37 °C (Don't exceed 30 minutes). 

Protect from light. The liquid will turn blue by the addition of Substrate 

Solution. 

6. Add 50μL of Stop Solution to each well. The liquid will turn yellow by 

the addition of Stop solution. Mix the liquid by tapping the side of the 

plate. If color change does not appear uniform, gently tap the plate to 

ensure thorough mixing. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curve of Anti-Müllerian hormone (AMH) ELISA Kit 



 
 

Appendix (6) Determination of Follicle-stimulating hormone 

(FSH) 

Follicle-stimulating hormone (FSH) ELISA kit 

 A specific kit for measuring human FSH concentration in 

serum was supplied by USA- Could-Clone Croup. No.SEA830Hu 

Principle  

 An antibody specific to FSH has already been pre-coated on the 

microplate. Next, Avidin conjugated to Horseradish Peroxidase (HRP) is 

added to each microplate well and incubated. After the TMB substrate 

solution is added, biotin-conjugated antibody, and enzyme-conjugated 

Avidin will exhibit a color change. By adding a solution of sulfuric acid 

(Stop solution), the enzyme-substrate reaction is stopped, and terminated 

the reaction and absorbance is measured at 450nm 

Reagent Preparation 

1. All reagents should bring to room temperature (18-25 °C) before use. 

2. Standard- Reconstitute the Standard with 1.0mL of Standard Diluent, 

kept for 10 minutes at room temperature, shake gently (not to foam). 

The concentration of the standard in the stock solution is 100mIU/mL. 

Please firstly dilute the stock solution to 50mIU/mL and the diluted 



 
 

standard serves as the highest standard (50mIU/mL). Then prepare 7 

tubes containing 0.5mL Standard Diluent and use the diluted standard 

to produce a double dilution series according to the picture shown 

below. Mix each tube thoroughly before the next transfer. Set up 7 

points of diluted standard such as 50mIU/mL, 25mIU/mL, 

12.5mIU/mL, 6.25mIU/mL, 3.12mIU/mL, 1.56mIU/mL, 0.78mIU/mL, 

and the last EP tubes with Standard Diluent is the blank as 0mIU/mL. 

3. Detection Reagent A and Detection Reagent B- Briefly spin or 

centrifuge the stock Detection A and Detection B before use. Dilute 

them to the working concentration 100-fold with Assay Diluent A and 

B, respectively 

 

4. Wash Solution- Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water to prepare 600mL of Wash 

Solution (1×). 

5. TMB substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

Assay Procedure  

1. Determine wells for diluted standard, blank and sample. Prepare 7 wells 

for standard, 1 well for blank. Add 100μL each of dilutions of standard 

(read Reagent Preparation), blank and samples into the appropriate 

wells. Cover with the Plate sealer. Incubate for 1 hour at 37 °C. 



 
 

2. Remove the liquid of each well, don’t wash. 

3. Add 100μL of Detection Reagent A working solution to each well, 

cover the wells with the plate sealer and incubate for 1 hour at 37 °C. 

4. Aspirate the solution and wash with 350μL of 1× Wash Solution to each 

well using a squirt bottle, multi-channel pipette, manifold dispenser or 

autowasher, and let it sit for 1-2 minutes. Remove the remaining liquid 

from all wells completely by snapping the plate onto absorbent paper. 

Totally wash 3 times. After the last wash, remove any remaining Wash 

Buffer by aspirating or decanting. Invert the plate and blot it against 

absorbent paper. 

5. Add 100μL of Detection Reagent B working solution to each well, 

cover the wells with the plate sealer and incubate for 30 minutes at        

37 °C. 

6. Repeat the aspiration/wash process for total 5 times as conducted in   

step 4. 

7. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 10- 20 minutes at 37 °C (Don't exceed 30 minutes). 

Protect from light. The liquid will turn blue by the addition of Substrate 

Solution. 

8. Add 50μL of Stop Solution to each well. The liquid will turn yellow by 

the addition of Stop solution. Mix the liquid by tapping the side of the 

plate. If color change does not appear uniform, gently tap the plate to 

ensure thorough mixing. 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curve of Follicle-stimulating hormone (FSH) ELISA kit 



 
 

Appendix (7) Determination of serum Luteinizing hormone (LH) 

Luteinizing hormone (LH) ELISA kit 

 A specific kit for measuring human LH concentration in serum 

was supplied by USA- Could-Clone Croup. No.CEA441Hu 

 

Principle  

 An anti-luteinizing hormone antibody has been pre-coated on 

a microplate, this antibody is specific to the luteinizing hormone, and a 

competitive inhibitory reaction is initiated between the unlabeled 

luteinizing hormone and the biotin-labeled luteinizing hormone. The 

unbound conjugate is removed following incubation by washing. Next, 

Avidin conjugated to Horseradish Peroxidase (HRP) is added, the amount 

of bound HRP conjugate is reverse proportional to the concentration of 

luteinizing hormone in the sample. By adding a solution of sulfuric acid 

(Stop solution), the enzyme-substrate reaction is stopped, and the reaction 

and absorbance are measured at 450nm. 

Reagent Preparation 

1. All reagents should bring to room temperature (18-25 °C) before use.  

2. Standard- Reconstitute the Standard with 0.4mL of Standard 

Diluent, kept for 10 minutes at room temperature, shake gently (not to 



 
 

foam). The concentration of the standard in the stock solution is 

85mIU/mL. Please prepare 5 tubes containing 0.6mL Standard Diluent 

and produce a triple dilution series according to the picture shown 

below. Mix each tube thoroughly before the next transfer. Set up 5 

points of diluted standard such as 85mIU/mL, 28.33mIU/mL, 

9.44mIU/mL, 3.15mIU/mL, 1.05mIU/mL, and the last EP tubes with 

Standard Diluent is the blank as 0mIU/mL. 

 

3. Detection Reagent A and Detection Reagent B- Briefly spin or 

centrifuge the stock Detection A and Detection B before use. Dilute 

them to the working concentration 100-fold with Assay Diluent A and 

B, respectively. 

 

4. Wash Solution- Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water to prepare 600mL of Wash 

Solution (1×). 

 

5. TMB substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

 



 
 

Assay Procedure  

1. Determine wells for diluted standard, blank and sample. Prepare 5 wells 

for standard points, 1 well for blank. Add 50μL each of dilutions of 

standard (read Reagent Preparation), blank and samples into the 

appropriate wells, respectively. And then add 50μL of Detection 

Reagent A to each well immediately. Shake the plate gently (using a 

microplate shaker is recommended). Cover with a Plate sealer. Incubate 

for 1 hour at 37 °C. Detection Reagent A may appear cloudy. Warm to 

room temperature and mix gently until solution appears uniform. 

2. Aspirate the solution and wash with 350μL of 1X Wash Solution to each 

well using a squirt bottle, multi-channel pipette, manifold dispenser or 

autowasher, and let it sit for 1-2 minutes. Remove the remaining liquid 

from all wells completely by snapping the plate onto absorbent paper. 

Repeat 3 times. After the last wash, remove any remaining Wash Buffer 

by aspirating or decanting. Invert the plate and blot it against absorbent 

paper. 

3. Add 100μL of Detection Reagent B working solution to each well. 

Incubate for 30 minutes at 37 °C after covering it with the Plate sealer. 

4. Repeat the aspiration/wash process for total 5 times as conducted in   

step 2. 

5. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 10- 20 minutes at 37 °C (Don't exceed 30 minutes). 

Protect from light. The liquid will turn blue by the addition of Substrate 

Solution. 

6. Add 50μL of Stop Solution to each well. The liquid will turn yellow by 

the addition of Stop solution. Mix the liquid by tapping the side of the 

plate. If color change does not appear uniform, gently tap the plate to 

ensure thorough mixing. 



 
 

7. Remove any drop of water and fingerprint on the bottom of the plate 

and confirm there is no bubble on the surface of the liquid. Then, run 

the microplate reader and conduct measurement at 450nm immediately. 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curve of luteinizing Hormone (LH) ELISA kit 



 
 

Appendix (8) Determination of serum Estrogen (E2) 

Estrogen (E2) ELISA kit 

 A specific kit for measuring human Estrogen (E2) 

concentration in serum was supplied by USA- Could-Clone Croup. 

No.CEA461Ge. 

 

Principle  

  On a microplate, a monoclonal antibody specific to E2 has 

been pre-coated. A competitive inhibitory process is initiated between 

biotin-labeled E2 and unlabeled E2. After incubation, the unbound 

conjugate is washed off. Next, avidin conjugated to Horseradish 

Peroxidase (HRP) and incubated. The amount of bound HRP conjugate is 

reverse proportional to the concentration of E2 in the sample. By adding a 

solution of sulfuric acid (Stop solution), the enzyme-substrate reaction is 

stopped, and terminated the reaction and absorbance is measured at 450nm. 

Reagent Preparation 

1. All reagents should bring to room temperature (18-25 °C) before use.  

2. Standard- Reconstitute the Standard with 2.0mL of Standard 

Diluent, kept for 10 minutes at room temperature, shake gently (not to 

foam). The concentration of the standard in the stock solution is 



 
 

1,000pg/mL. Please prepare 5 tubes containing 0.6mL Standard Diluent 

and produce a triple dilution series according to the picture shown 

below. Mix each tube thoroughly before the next transfer. Set up 5 

points of diluted standard such as 1,000pg/mL, 333.33pg/mL, 

111.11pg/mL, 37.04pg/mL, 12.35pg/mL, and the last EP tubes with 

Standard Diluent is the blank as 0pg/mL. 

3. Detection Reagent A and Detection Reagent B- Briefly spin or 

centrifuge the stock Detection A and Detection B before use. Dilute 

them to the working concentration 100-fold with Assay Diluent A and 

B, respectively. 

4. Wash Solution- Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water to prepare 600mL of Wash 

Solution (1×). 

5. TMB substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

Assay Procedure  

1. Determine wells for diluted standard, blank and sample. Prepare 5 

wells for standard points, 1 well for blank. Add 50μL each of dilutions 

of standard (read Reagent Preparation), blank and samples into the 

appropriate wells, respectively. And then add 50μL of Detection 

Reagent A to each well immediately. Shake the plate gently (using a 



 
 

microplate shaker is recommended). Cover with a Plate sealer. 

Incubate for 1 hour at 37 °C. Detection Reagent A may appear cloudy. 

Warm to room temperature and mix gently until solution appears 

uniform. 

2. Aspirate the solution and wash with 350μL of 1X Wash Solution to 

each well using a squirt bottle, multi-channel pipette, manifold 

dispenser or autowasher, and let it sit for 1-2 minutes. Remove the 

remaining liquid from all wells completely by snapping the plate onto 

absorbent paper. Repeat 3 times. After the last wash, remove any 

remaining Wash Buffer by aspirating or decanting. Invert the plate and 

blot it against absorbent paper. 

3. Add 100μL of Detection Reagent B working solution to each well. 

Incubate for 30 minutes at 37oC after covering it with the Plate sealer. 

4. Repeat the aspiration/wash process for 5 times as conducted in step 2. 

5. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 10- 20 minutes at 37 °C (Don't exceed 30 minutes). 

Protect from light. The liquid will turn blue by the addition of Substrate 

Solution. 

6. Add 50μL of Stop Solution to each well. The liquid will turn yellow 

by the addition of Stop solution. Mix the liquid by tapping the side of 

the plate. If color change does not appear uniform, gently tap the plate 

to ensure thorough mixing. 

7. Remove any drop of water and fingerprint on the bottom of the plate 

and confirm there is no bubble on the surface of the liquid. Then, run 

the microplate reader and conduct measurement at 450nm 

immediately. 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curve of Estrogen ELISA Kit 



 
 

Appendix (9) Determination of serum Testosterone 

Testosterone ELISA kit 

 A specific kit for measuring human Testosterone 

concentration in serum was supplied by USA- Could-Clone Croup. 

No.HEA458Ge 

 

Principle 

 A microplate that contains of pre-coated antibody that is 

specific to testosterone. A competitive inhibitory response is initiated 

between unlabeled testosterone and biotin-labeled testosterone. Washing 

out the unbound conjugate occurs after incubation. After that, add Avidin 

conjugated horseradish peroxidase (HRP), and the mixture is then 

incubated. The amount of bound HRP conjugate is reverse proportional to 

the concentration of testosterone in the sample. By adding a solution of 

sulfuric acid (Stop solution), the enzyme-substrate reaction is stopped and 

determined the reaction and absorbance are measured at 450nm 

Reagent Preparation 

1. All reagents should bring to room temperature (18-25 °C) before use.  

2. Standard- Reconstitute the Standard with 0.5mL of Standard 

Diluent, kept for 10 minutes at room temperature, shake gently (not to 



 
 

foam). The concentration of the standard in the stock solution is 

200pg/mL. Please prepare 5 tubes containing 0.6mL Standard Diluent 

and produce a triple dilution series according to the picture shown 

below. Mix each tube thoroughly before the next transfer. Set up 5 

points of diluted standard such as 200pg/mL, 66.67pg/mL, 22.22pg/mL, 

7.41pg/mL, 2.47pg/mL, and the last EP tubes with Standard Diluent 

is the blank as 0pg/mL. 

3. Detection Reagent A and Detection Reagent B- Briefly spin or 

centrifuge the stock Detection A and Detection B before use. Dilute 

them to the working concentration 100-fold with Assay Diluent A and 

B, respectively.  

4. Wash Solution- Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water to prepare 600mL of Wash 

Solution (1×).  

5. TMB substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

Assay Procedure  

1. Determine wells for diluted standard, blank and sample. Prepare 5 wells 

for standard points, 1 well for blank. Add 50μL each of dilutions of 

standard (read Reagent Preparation), blank and samples into the 



 
 

appropriate wells, respectively. And then add 50μL of Detection 

Reagent A to each well immediately. Shake the plate gently (using a 

microplate shaker is recommended). Cover with a Plate sealer. Incubate 

for 1 hour at 37 °C. Detection Reagent A may appear cloudy. Warm to 

room temperature and mix gently until solution appears uniform. 

2. Aspirate the solution and wash with 350μL of 1X Wash Solution to each 

well using a squirt bottle, multi-channel pipette, manifold dispenser or 

autowasher, and let it sit for 1-2 minutes. Remove the remaining liquid 

from all wells completely by snapping the plate onto absorbent paper. 

Repeat 3 times. After the last wash, remove any remaining Wash Buffer 

by aspirating or decanting. Invert the plate and blot it against absorbent 

paper. 

3. Add 100μL of Detection Reagent B working solution to each well. 

Incubate for 30 minutes at 37 °C after covering it with the Plate sealer. 

4. Repeat the aspiration/wash process for total 5 times as conducted in  

step 2. 

5. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 10- 20 minutes at 37 °C (Don't exceed 30 minutes). 

Protect from light. The liquid will turn blue by the addition of Substrate 

Solution. 

6. Add 50μL of Stop Solution to each well. The liquid will turn yellow by 

the addition of Stop solution. Mix the liquid by tapping the side of the 

plate. If color change does not appear uniform, gently tap the plate to 

ensure thorough mixing. 

7. Remove any drop of water and fingerprint on the bottom of the plate 

and confirm there is no bubble on the surface of the liquid. Then, run 

the microplate reader and conduct measurement at 450nm immediately. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curve of Testosterone ELISA Kit 



 
 

Appendix (10) Determination of serum Prolactin hormone (PRL) 

Prolactin hormone (PRL) ELISA kit 

 A specific kit for measuring human Prolactin hormone (PRL) 

concentration in serum was supplied by USA- Could-Clone Croup. 

No.SEA846Hu 

Principle  

 An antibody specific to PRL has been pre-coated on the 

microplate. Next, standards or samples are put with a biotin-conjugated 

antibody that is specific to PRL into the corresponding microplate wells. 

Next, Avidin conjugated to Horseradish Peroxidase (HRP) is added. After 

incubation, add Avidin conjugated horseradish peroxidase (HRP), and the 

mixture is then incubated. The amount of bound HRP conjugate is reverse 

proportional to the concentration of prolactin in the sample. By adding a 

solution of sulfuric acid (Stop solution), the enzyme-substrate reaction is 

stopped and determined the reaction and absorbance are measured at  

450nm. 

Reagent Preparation 

1. All reagents should bring to room temperature (18-25 °C) before use.  

2. Standard- Reconstitute the Standard with 1.0mL of Standard 

Diluent, kept for 10 minutes at room temperature, shake gently (not to 



 
 

foam). The concentration of the standard in the stock solution is 

100ng/mL. Please prepare 7 tubes containing 0.5mL Standard Diluent 

and produce a double dilution series according to the picture shown 

below. Mix each tube thoroughly before the next transfer. Set up 7 

points of diluted standard such as 100ng/mL, 50ng/mL, 25ng/mL, 

12.5ng/mL, 6.25ng/mL, 3.12ng/mL, 1.56ng/mL, and the last EP tube 

with Standard Diluent is the blank as 0ng/mL. 

 

3. Detection Reagent A and Detection Reagent B- Briefly spin or 

centrifuge the stock Detection A and Detection B before use. Dilute 

them to the working concentration 100-fold with Assay Diluent A and 

B, respectively. 

4. Wash Solution- Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water to prepare 600mL of Wash 

Solution (1×). 

5. TMB substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

Assay Procedure  

1. Determine wells for diluted standard, blank and sample. Prepare 7 wells 

for standard, 1 well for blank. Add 100μL each of dilutions of standard 



 
 

(read Reagent Preparation), blank and samples into the appropriate 

wells. Cover with the Plate sealer. Incubate for 1 hour at 37 °C. 

2. Remove the liquid of each well, don’t wash. 

3. Add 100μL of Detection Reagent A working solution to each well, 

cover the wells with the plate sealer and incubate for 1 hour at 37 °C. 

4. Aspirate the solution and wash with 350μL of 1× Wash Solution to each 

well using a squirt bottle, multi-channel pipette, manifold dispenser or 

autowasher, and let it sit for 1-2 minutes. Remove the remaining liquid 

from all wells completely by snapping the plate onto absorbent paper. 

Totally wash 3 times. After the last wash, remove any remaining Wash 

Buffer by aspirating or decanting. Invert the plate and blot it against 

absorbent paper. 

5. Add 100μL of Detection Reagent B working solution to each well, 

cover the wells with the plate sealer and incubate for 30 minutes at         

37 °C. 

6. Repeat the aspiration/wash process for total 5 times as conducted in   

step 4. 

7. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 10- 20 minutes at 37 °C (Don't exceed 30 minutes). 

Protect from light. The liquid will turn blue by the addition of Substrate 

Solution. 

8. Add 50μL of Stop Solution to each well. The liquid will turn yellow by 

the addition of Stop solution. Mix the liquid by tapping the side of the 

plate. If color change does not appear uniform, gently tap the plate to 

ensure thorough mixing. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curve of Prolactin (PRL) ELISA Kit 



 
 

Appendix (11) Determination of Thyroid-stimulating hormone 

(TSH) 

Thyroid-stimulating hormone (TSH) ELISA kit 

 A specific kit for measuring human Thyroid-stimulating 

hormone (TSH) concentration in serum was supplied by USA- Could-

Clone Croup. No.SEA463Hu 

Principle  

 A monoclonal antibody specific to TSH has been pre-coated 

on the microplate. Next, standards or samples are added with another HRP 

conjugated monoclonal antibody specific for TSH to the corresponding 

microtiter plate wells. Addition of TMB substrate solution after washing. 

The only wells that will change color are those that contain HRP 

conjugated monoclonal antibodies and TSH. By adding a solution of 

sulfuric acid (Stop solution), the enzyme-substrate reaction is stopped and 

determined the reaction and absorbance are measured at 450nm. 

Reagent Preparation 

1. All reagents should bring to room temperature (18-25 °C) before use.  

2. Standard- The concentration of the standard is as following: 

12.0mIU/L, 6.0mIU/L, 3.0mIU/L, 1.5mIU/L, 0.6mIU/L, 0.3mIU/L. 



 
 

3. Wash Solution- Dilute 15mL of Wash Solution concentrate (20×) with 

285mL of deionized or distilled water to prepare 300 mL of Wash 

Solution (1×). 

4. TMB substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

 Note: If crystals have formed in the Wash Solution concentrate (20×), 

warm to room temperature and mix gently until the crystals are completely 

dissolved. 

Assay Procedure  

1. Determine wells for standard and sample. Add 100μL each of different 

concentration of standard (read Reagent Preparation) into the 

appropriate wells. Add 100μL sample into the other well. 

2. Add 50μL of Detection Reagent A to each well, mix thoroughly. 

Incubate for 2 hours at 37 °C after covering it with the Plate sealer. 

3. Aspirate the solution and wash with 350μL of 1× Wash Solution to each 

well using a squirt bottle, multi-channel pipette, manifold dispenser or 

autowasher, and let it sit for 1-2 minutes. Remove the remaining liquid 

from all wells completely by snapping the plate onto absorbent paper. 

Repeat 3 times. After the last wash, remove any remaining Wash Buffer 

by aspirating or decanting. Invert the plate and blot it against absorbent 

paper. 

4. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 15- 20 minutes at 37 °C (Don't exceed 30 minutes). 

Protect from light. The liquid will turn blue by the addition of Substrate 

Solution. 

5. Add 50μL of Stop Solution to each well. The liquid will turn yellow by 

the addition of Stop solution. Mix the liquid by tapping the side of the 



 
 

plate. If color change does not appear uniform, gently tap the plate to 

ensure thorough mixing. 

6. Remove any drop of water and fingerprint on the bottom of the plate 

and confirm there is no bubble on the surface of the liquid. Then, run 

the microplate reader and conduct measurement at 450nm immediately. 

 

 

 

 

  

 

 

 

 

 

 

 

Standard curve of Thyroid-stimulating hormone (TSH) ELISA kit 



 
 

Appendix (12) Determination of Triiodothyronine (T3) 

Triiodothyronine (T3) ELISA kit 

A specific kit for measuring human Triiodothyronine (T3) 

concentration in serum was supplied by USA- Could-Clone Croup. 

No.CEA453Ge 

Principle  

  On a microplate, a monoclonal antibody specific to T3 has 

been pre-coated. A competitive inhibitory process is initiated between 

biotin labeled T3 and unlabeled T3 (Standards or samples). Next, avidin 

conjugated to Horseradish Peroxidase (HRP) is added to microplate well 

The amount of bound HRP conjugate is reverse proportional to the 

concentration of T3 in the sample. By adding a solution of sulfuric acid 

(Stop solution), the enzyme-substrate reaction is stopped and determined 

the reaction and absorbance are measured at 450nm. 

Reagent Preparation 

1. All reagents should bring to room temperature (18-25 °C) before use.  

2. Standard- Reconstitute the Standard with 1.0mL of Standard 

Diluent, kept for 10 minutes at room temperature, shake gently (not to 

foam). The concentration of the standard in the stock solution is 

30,000pg/mL. Please firstly dilute the stock solution to 10,000pg/mL 



 
 

and the diluted standard serves as the highest standard (10,000pg/mL). 

Then prepare 5 tubes containing 0.6mL Standard Diluent and produce 

a triple dilution series according to the picture shown below. Mix each 

tube thoroughly before the next transfer. Set up 5 points of diluted 

standard such as 10,000pg/mL, 3,333.3pg/mL, 1,111.1pg/mL, 

370.4pg/mL,123.5pg/mL, and the last EP tubes with Standard Diluent 

is the blank as 0pg/mL. 

 

3. Detection Reagent A and Detection Reagent B- Briefly spin or 

centrifuge the stock Detection A and Detection B before use. Dilute 

them to the working concentration 100-fold with Assay Diluent A and 

B, respectively. 

4. Wash Solution- Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water to prepare 600mL of Wash 

Solution (1×). 

5. TMB substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

 

 

 



 
 

Assay Procedure  

1. Determine wells for diluted standard, blank, and sample. Prepare 5 

wells for standard points, 1 well for blank. Add 50μL each of dilutions 

of standard (read Reagent Preparation), blank and samples into the 

appropriate wells, respectively. And then add 50μL of Detection 

Reagent A to each well immediately. Shake the plate gently (using a 

microplate shaker is recommended). Cover with a Plate sealer. Incubate 

for 1 hour at 37 °C. Detection Reagent A may appear cloudy. Warm to 

room temperature and mix gently until solution appears uniform. 

2. Aspirate the solution and wash with 350μL of 1X Wash Solution to each 

well using a squirt bottle, multi-channel pipette, manifold dispenser or 

autowasher, and let it sit for 1-2 minutes. Remove the remaining liquid 

from all wells completely by snapping the plate onto absorbent paper. 

Repeat 3 times. After the last wash, remove any remaining Wash Buffer 

by aspirating or decanting. Invert the plate and blot it against absorbent 

paper. 

3. Add 100μL of Detection Reagent B working solution to each well. 

Incubate for 30 minutes at 37 °C after covering it with the Plate sealer. 

4. Repeat the aspiration/wash process for total 5 times as conducted in  

step 2. 

5. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 10- 20 minutes at 37 °C (Don't exceed 30 minutes). 

Protect from light. The liquid will turn blue by the addition of Substrate 

Solution. 

6. Add 50μL of Stop Solution to each well. The liquid will turn yellow by 

the addition of Stop solution. Mix the liquid by tapping the side of the 

plate. If color change does not appear uniform, gently tap the plate to 

ensure thorough mixing. 



 
 

7. Remove any drop of water and fingerprint on the bottom of the plate 

and confirm there is no bubble on the surface of the liquid. Then, run 

the microplate reader and conduct measurement at 450nm immediately. 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curve of Triiodothyronine (T3) ELISA kit Standard curve of Triiodothyronine (T3) ELISA kit 



 
 

Appendix (13) Determination of Thyroxine (T4) 

Thyroxine (T4) ELISA kit 

 A specific kit for measuring human Thyroxine (T4) 

concentration in serum was supplied by USA- Could-Clone Croup. 

No.CEA452Ge 

Principle 

 The microplate has been pre-coated with a monoclonal 

antibody that is specific to T4. T4-specific antibody initiates a competitive 

inhibitory response between biotin-labeled T4 and unlabeled T4. The 

unbound conjugate is removed. After incubation, add Avidin conjugated 

horseradish peroxidase (HRP), and the mixture is then incubated. The 

amount of bound HRP conjugate is reverse proportional to the 

concentration of prolactin in the sample. By adding a solution of sulfuric 

acid (Stop solution), the enzyme-substrate reaction is stopped, and 

determined the reaction and absorbance are measured at 450nm. 

Reagent Preparation 

1. All reagents should bring to room temperature (18-25 °C) before use.  

2. Standard- Reconstitute the Standard with 0.5mL of Standard 

Diluent, kept for 10 minutes at room temperature, shake gently (not to 

foam). The concentration of the standard in the stock solution is 



 
 

300ng/mL. Please prepare 5 tubes containing 0.6mL Standard Diluent 

and produce a triple dilution series according to the picture shown 

below. Mix each tube thoroughly before the next transfer. Set up 5 

points of diluted standard such as 300ng/mL, 100ng/mL, 33.33ng/mL, 

11.11ng/mL, 3.70ng/mL, and the last EP tubes with Standard Diluent 

is the blank as 0ng/mL. 

3. Detection Reagent A- Reconstitute the Detection Reagent A with 

150μL of Reagent Diluent, kept for 10 minutes at room temperature, 

shake gently (not to foam). Dilute to the working concentration with 

Assay Diluent A (1:100). 

4. Detection Reagent B- Briefly spin or centrifuge the stock Detection B 

before use. Dilute to the working concentration with Assay Diluent B 

(1:100). 

5. Wash Solution- Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water to prepare 600mL of Wash 

Solution (1×). 

6. TMB substrate- Aspirate the needed dosage of the solution with 

sterilized tips and do not dump the residual solution into the vial again. 

 

 

 



 
 

Assay procedure  

1. Determine wells for diluted standard, blank and sample. Prepare 5 wells 

for standard points, 1 well for blank. Add 50μL each of dilutions of 

standard (read Reagent Preparation), blank and samples into the 

appropriate wells, respectively. And then add 50μL of Detection 

Reagent A to each well immediately. Shake the plate gently (using a 

microplate shaker is recommended). Cover with a Plate sealer. Incubate 

for 1 hour at 37 °C. Detection Reagent A may appear cloudy. Warm to 

room temperature and mix gently until solution appears uniform. 

2. Aspirate the solution and wash with 350μL of 1X Wash Solution to each 

well using a squirt bottle, multi-channel pipette, manifold dispenser or 

autowasher, and let it sit for 1-2 minutes. Remove the remaining liquid 

from all wells completely by snapping the plate onto absorbent paper. 

Repeat 3 times. After the last wash, remove any remaining Wash Buffer 

by aspirating or decanting. Invert the plate and blot it against absorbent 

paper. 

3. Add 100μL of Detection Reagent B working solution to each well. 

Incubate for 30 minutes at 37 °C after covering it with the Plate sealer. 

4. Repeat the aspiration/wash process for total 5 times as conducted in  

step 2. 

5. Add 90μL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 10-20 minutes at 37 °C (Don't exceed 30 minutes). 

Protect from light. The liquid will turn blue by the addition of Substrate 

Solution. 

6. Add 50μL of Stop Solution to each well. The liquid will turn yellow by 

the addition of Stop solution. Mix the liquid by tapping the side of the 

plate. If color change does not appear uniform, gently tap the plate to 

ensure thorough mixing. 



 
 

7. Remove any drop of water and fingerprint on the bottom of the plate 

and confirm there is no bubble on the surface of the liquid. Then, run 

the microplate reader and conduct measurement at 450nm immediately. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curve of Thyroxine (T4) ELISA Kit 



 
 

  الخُلاصة

ف ستمر  الجماع المنتظم والمتكرر والمالعقم بأنه الفشل في تحقيق الحمل بعد عام واحد من    يعُرَّ

صماء  الغدد في ال غير متجانس   اضطراب  هي( PCOS)متلازمة تكيس المبايض  .وغير المحمي

  . قصور الغدد الصماءتباين في وظائف    ،عدم حدوث الإباضة ر أكياس المبيض، ويتميز بظهو

الأسباب  احد  مراض الإنجابية للمرأة، وهو  الأو أحد مشاكل الإباضة وه   (POI)ر المبيض المبك

 .عامًا   40الرئيسية لعقم الإناث قبل سن  

تم جمعها من وحدة العقم  عاماً    45و    20أنثى تتراوح أعمارهن بين    120الدراسة الحالية  شملت  

و قسُمت  ،  2024لى أبريل  إ  2023لتوليد خلال الفترة من نوفمبر  وا  ئيةالنساامراض  في مستشفى  

انثى مصابة    60  انثى سليمة استخدمت كمجموعة ضابطه  60إلى مجموعتين    عينات الدراسة

حيث قسمت الأخيرة الى مجموعتين ثانوية على النحو  مرضى،  مجموعة  كالمصابات بالعقم    بالعقم

فشل المبيض  عقيمة مصابة ب  أنثى  13  أنثى عقيمة مصابة بمتلازمة تكيس المبايض،  47:  التالي

.  عام  40او اقل من    اكثر   ثم قسُمت جميع الإناث المشاركة في الدراسة حسب العمر اما   ، الاولي

-Inhibin-B ,  Anti: المؤشرات الحيوية للعقم )هذه الدراسة  التي تم قياسها في   المعايير   شَملت 

Müllerian hormone ,  Prolactin ,  Estrogen ,   Luteinizing hormone و  Follicle-

stimulating hormone  ) الأندروجين -Dehydroepiandrosterone)  ات ومؤشرات 

Sulfate     وTestosterone  )( الدرقية  الغدة  وظائف   Thyroid-Stimulatingومؤشرات 

Hormone ,  Triiodothyronine ,  Thyroxine  ثم الهرمون  حُددت (.  باستخدام  ات  مستويات 

 . ELISAفحص المرض المناعي المرتبط بالإنزيم 

ً الحالية  أظهرت نتائج الدراسة     الأجسام المضادة لأنزيم في مستوى     (P≤0.0001)إرتفاعاً معنويا

TPO   , DHEA-S  ,  Inhibin-B و AMH  (16.34 ± 2.17)    , (2.79   ±0.53 ) ,  (266.97  

تكيس ±2.37    10.99)   , (  ±72.88   متلازمة  لمرضى  مقارنة  المبا   (  التوالي  على  يض 

  3.11(، و ) 10.62±    36.76(، ) 0.12±    0.89( و )0.96±    5.92الضابطة )  ة بالمجموع

-Inhibinو    DHEA-S يات في مستو(  (P≤0.0001 معنوياً وجد أيضًا انخفاضًا كما  (، ±0.60 

B   وAMH   فشل المبيض  ( لمرضى  0.39±    0.60(، و )1.21±    18.96، )(0.23 ± 0.54)  و

(، و  10.62±    36.76(، ) 0.12±    0.89الضابطة )   عة على التوالي مقارنة بالمجمو   الأولي 

يات الأجسام المضادة لأنزيم  في مستو (P≤0.0001)    معنوية زيادة  كذلك  (،  ±0.60    3.11)

TPO  (14.72 ±1.19)   5.92)   بالمجموعة الضابطةنة مقار  فشل المبيض الوليفي مرضى    ±



 
 

ر كتلة الجسم لمرضى متلازمة  في مؤش( P≤0.01)معنوية كبيرة زيادة  النتائج (. أظهرت 0.96

( على التوالي مقارنة  31  ±(3.24و فشل المبيض الأولي    ،(3.50 ± 30.93)         المبايض  تكيس

( الضابطة  أظهرت  27.90±    1.92بالمجموعة  هرمون  (.  ً   AMHمستويات  معنويا   ارتفاعاً 

العمرية    في (P≤0.0001)  اً كبير للفئات  المبايض    10.89( ) 40(، )>  40)<  مرضى تكيس 

( بمستويات  P≤0.01)بينما أظهرت انخفاضاً معنوياً  ( على التوالي،  ±2.46    11.45(، ) ±2.37  

AMH   زيادة  رت النتائج . ايضاً أظه( 0.39±   0.60)   (40 >)  في مرضى فشل المبيض الأولي  

 ± 17.63) مرضى تكيس المبايض لكل من  TPO مستويات الأجسام المضادة لأنزيمفي  معنوية

الأولي  ،(1.93 المبيض  فشل  هناك  (،  1.93±    17.63)   ومرضى  كانت  معنوية    زيادةايضاً 

P≤0.01)   بمستويات )DHEA-S    2.75)  (40 <)في مرضى تكيس المبايض للفئة العمرية ± 

في مرضى فشل المبيض    DHEA-Sضت مستويات  انخفو(،  ±0.46    2.94) (  40)>  ،  (0.55

س(0.23 ± 0.54)  الأولي الدراسة،  مستويات    كبيرة معنوية  زيادة    جلت    Inhibin-Bفي 

(P≤0.0001)   >( 40في متلازمة تكيس المبايض )   (75.25±    273.55،)  <(40)   (234.91  

انخف ±52.43   مستويات (،  الأولي     Inhibin-Bضت  المبيض  فشل  مرضى  ±    18.96) في 

  معنوية   عن زيادة  الهرمون اللوتينيستوستيرون والإستروجين و  ي(. كشف البرولاكتين والت1.21

( )  ( P≤0.01كبيرة  المبايض  تكيس  متلازمة  مرضى  )4.99±    29.24في   ،)58.53    ±

المراقبة  ة  ( على التوالي مقارنة بمجموع5.81  ±   17.15(، و ) ±48.23 186.25) (،  17.39

  ±    2.93(، و ) 7.23  ±    24.93(، و )0.90  ±    5.34)                  (، و±3.30   13.44)

مرضى متلازمة  FSH في مستويات    P≤0.01))كبير  معنوي   (، في حين كشفت عن انخفاض 1.28

  ائج وجدت النت  (. 8.1±    2.15  )  جموعة الضابطة بالم  ( مقارنة2.3±     5.83تكيس المبايض )

ى فشل المبيض  في مرض FSH , Prolactin , LHي مستويات ( فP≤0.01)يرة  بك   معنوية   زيادة

كبير  2.88  ±  19.77)  , (  3.04± 26.06)  , (3.61  ±  33.51)الأولي   بانخفاض   ،)

(P≤0.0001  في )مستويات  (  والتستوستيرون  الاستروجين  ( على  1.43  ±    10.07هرمون 

 (0.9 ± 5.34)(,  7.23±    24.93) عند مقارنتها بالمجموعة الضابطة    0.2±    3.24)   التوالي،  

مقارنةً    PCOSفي مرضى   (P > 0.01) في    معنوي أي فرق    T4و    T3و    TSH  مستويات   ظهر تلم  

و   TSH( في مستويات     (P > 0.01كبير عند    معنوي  الضابطة. أيضًا لا يوجد فرق  ةبالمجموع

T3  وT4  في مرضىPOI  الضابطة. ة مقارنة بالمجموع  



 
 

   Anti-TPOو    AMHكل من    و   DHEA-Sبين  أظهرت الدراسة وجود ارتباط معنوي موجب  

  المبيض الأولي  فشلي مرضى . اما ف  (r = 0.416)  , (r = 0.729)في مرضى تكيس المبايض  

اوجدت على التوالي. أيضًا،    AMH  (r = 0.678)و   DHEA-Sإيجابية بين  معنوية  علاقة    اظهرت 

.   (r = -0.520)في مرضى تكيس المبايض    Anti-TPOو  Inhibin-Bعلاقة سلبية بين    النتائج 

   فشل المبيض الأولي     في مرضى  DHEA-Sو    AMHسلبي بين  معنوي  ارتباط  وكان هناك  

.(r = -0.578) 

الأل  Rocمنحني  نتيجة  كانت   لاختبار تقييم  الإجمالي  التشخيصي  مضادات  مل  ما  داء  ستوى 

والمسافة تحت   9.306 ,نقطة قطع:,   ;TPO   95% CI: 0.907-1.000; P-value: 0.001انزيم 

وخصوصية  %98.861   :المنحني حساسية  الدقة: %96.667 -%96.676 مع   ومستوى 

97.000%, ) 

  DHEA-Sاما بالنسبة ل

 95% CI: 0.992-1.0000; P-value: 0.001;  ,مع مسافة تحت المنحني: 1.480 نقطة القطع: 

 . : %97.500)مستوى الثقة  %96.667-%98.333 :وحساسية وخصوصية  99.694%

نقطة  و  ,؛  P-value: 0.001؛    Inhibin-B   95% CI: 0.907-1.000وسجلت النتائج لمؤشر  

٪  91.667خصوصية  وحساسية   مع    %95.417 مع مسافة تحت المنحني  ؛    77.347القطع:  

 ٪ 95.000:  مستوى الثقة ٪ ؛ و98.333-

الحالية  الدراسة  الأن    نستنتج من         و  AMHو    Inhibin-Bو    TPO  ة لأنزيممضاد الأجسام 

DHEA-S   لعقم، وتقييم صحة المبيض، ويمكن استخدامها  باحيوية تنبؤًا  المؤشرات من اكثر ال تعد

عند النساء في سن    فشل المبيض الأوليو تكيس المبايض كمؤشرات حساسة للتشخيص المبكر ل ـ

مستويات  اتر  ت كان.  الإنجاب  لأنزيمكيز  المضادة  و    AMHو    Inhibin-Bو    TPO  الأجسام 

DHEA-S   متلا في  تكيس  مرتفعًا  بالزمة  مقارنة  الضابطةالمبايض  انخفضت  ،  مجموعة  بينما 

بال  POIبشكل كبير في مرضى    Inhibin-Bو    DHEA-Sو    AMHمستويات   مجموعة  مقارنة 

الوزن وزيادة مؤشر    بزيادة  تتأثر   وفشل المبيض الأولي  تكيس المبايض أن    وجدنالقد    .الضابطة 

 كتلة الجسم. 

 

 



 
 

 

 

 

 

 

 

 ﷽ 

 ﴿   ّ َ ُ  لِّلّ   مُلۡك
 
تّ ٱ َٰ و   و    لسَم  َٰ

 
ضّ  ٱ َرك اءُٓ  يَ  بُ    لۡك ا ي ش  لقُُ م  ك يَ 

اءُٓ   ن ي ش  يَ  بُ لّم  ثاٗ و  ن  َٰ
ِ
اءُٓ إ ن ي ش   لّم 

 
كُور  ٱ مك    لذُّ جُُُ ّ ول ۞ ٱَوك يزُ 

نهَُ 
ِ
قّيماً  إ اءُٓ ع  ن ي ش  لُ م  ع  ك يَ  ثاٗۖ و  ن  َٰ

ِ
إ إنٗٗ و  ر  ۞﴾ ق دّيرم   ع لّيم    ۥذُكك  

لُِّّ إلع ظيم  ق  اُلله إلع  د     ص 

( ٥٠  - ٤٩إلۡيٓة )   - سورة إلشورى     

 

 

 

 

 

 

 



 
 

 جامعة كربلاء  

 كلية العلوم الطبية التطبيقية

 قسم التحليلات المرضية 

 

، البرولاكتين،   (DHEA-S) ندروستيرونبياكبريتات ديهيدرو تقييم مستوى

المصابات   الإناث  في (TPO) ة, والأجسام المضادة لبيروكسايديز الدرقيب  - إنهيبين

في مدينة    (POIوقصور المبيض المبكر )  ( PCOS)  بمتلازمة تكيس المبايض

 كربلاء  

 رسالة  

جامعة كربلاء    -إلى مجلس كلية العلوم الطبية التطبيقية  ةمقدم  

   التحليلات المرضيةالماجستير في  نيل شهادةمتطلبات  وهي جزء من 

 

 كتبت بواسطة 

ماميثة لأمير جليل  ازهراء عبد   

(  2021بكلوريوس تحليلات مرضية )  

 

 بإشراف   

ا.م. د. منال ناصح                                      ا. د. عبير جياد يوسف الفتلاوي 

 أحمد التميمي 
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