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Abstract 

Back ground: Polycystic ovarian syndrome (PCOS) is one of the commonest 

endocrine disorders in women of reproductive age group, cause of androgen excess 

in women. (PSA) may be a new one diagnostic tool for PCOS. Serum AMH is 

synthesized by small antral follicles, which are precisely those seen on ultrasound 

and could help us to diagnose PCOS.  The aim of this study to evaluate the levels 

of serum TPSA, AMH among Sudanese women with polycystic ovary syndrome 

and to determine the performance of PSA in diagnosis of PCOS.  

Material and Method: In a cross sectional case control study, 50 women newly 

diagnosed with polycystic ovary syndrome and 50 apparently healthy controls 

were enrolled. Sample were collected during the period between February to May 

2017 from Elsir Abo Alhassen Center  for Infertility in Khartoum State, serum 

TPSA , AMH levels  were measured using an ultrasensitive method  

(Electrochemiluminesent (ECL) immunoassay method) . Results were analyzed 

using statistical package for social science (SPSS) computer program. 

Result: Serum levels of TPSA, AMH were significant higher in polycystic ovary 

syndrome group versus control group with mean ± SD for TPSA (0.019 ±0.009 

ng/ml) versus control group (0.001 ± 0.001 ng/ml) and a p.value=0.00. AMH was 

(14.11±9.2 ng/ml) versus control group (2.404 ± 1.00ng/ml) p.value 0.00. There 

was a slight decrease in level of TPSA in females who had regular cycle in contrast 

to females that had irregular cycle with p.value = 0.04, where there was no 

difference in AMH p.value = 0.6. Also, this study showed that there was positive 

correlation between TPSA and BMI (P.value=0.00, r=.893) and negative 

correlation between AMH and BMI (P.value=0.025, r = -.317). The majority of 

females had irregular cycle were obese 36%, the overweight were 24% and those 

with normal weight were12%.  Also there was significant increase in TPSA and 

AMH in PCO patients who had family history, TPSA (mean+ SD 0.022 ± 0.021 
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ng/mL versus 0.0165±0.006 ng/ml) pvalue 0.03, and AMH (mean+ SD 21.3±10.0 

ng/ml versus 10.6± 5.6 ng/ml) p value 0.00. 

Conclusion: The study concluded that the serum levels of TPSA, AMH are 

increased in PCOS. TPSA and AMH were significantly increased in patients who 

had family history.  
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 مستخلص ال

متلازمة تكيس المبايض هي واحدة من اضطرابات الغدد الصماء الأكثر شيوعا في النساء في الفئة  المقدمة:

، لم يعد أن يكون علامة ك اسبيسفك انتيجينالعمرية الإنجابية، سبب زيادة الاندروجين في النساء. البروستاتا

يتم تصنيع أل انتي .جديدة ل تكيس المبايض أداة تشخيصية ، قد يكونفقط انسجة البروستاتا لورممحددة 

من قبل بصيلات أنترال صغيرة، والتي هي على وجه التحديد تلك التي رأيت على الموجات  مليرين هرمون 

الدراسة لتقييم مستوى  ، والهدف من هذهبايضويمكن أن تساعدنا على تشخيص تكيس الم فوق الصوتية

 دانية مع متلازمة المبيض المتعددبين النساء السو البروستاتك اسبيسفك انتيجين، أنتي مليرين هرمون

 الكيسات.

امرأة مصابة حديثا بمتلازمة المبيض  05في دراسة المقطع العرضي للحالة تم تسجيل  المواد والطريقة:

امرأة على ما يبدوبحالة صحية جيدة، وتم جمع العينات في الفترة ما بين شباط /  05المتعدد الكيسات و 

مستوى انتي ولاية الخرطوم، تم قياس من مركز السيد أبو الحسن للعقم في  7502فبراير إلى أيار / مايو 

مينيسنت طريقة إلكتروشيميلو (تخدام طريقة أولتراسنزيتيف باس مليرين هرمون, بروستاتك اسبيسفك انتيجين

 ، وتم تحليل النتيجة باستخدام حزمة إحصائية للعلوم الاجتماعية برنامج الكمبيوتر.)المناعية

أعلى معنويا في مجموعة  رمون، أنتي مليرين هصل بروستاتك اسبيسفك انتيجينكان مستوى م النتيجة:

الانحراف المعياري ل ± المتوسط متلازمة المبيض المتعدد الكيسات مقابل مجموعة مجموعة السيطرة

  ±  5.550جموعة السيطرة )/ مل( مقابل م نانو غرام5.559±  5.509) بروستاتك اسبيسفك انتيجين

/ مل(  نانوغرام9.7±  01.00) يرين هرموننتي مل، أ0.00 القيمة الاحتمالية= / مل(  نانوغرام 5.550

. كان هناك انخفاض 0.00القيمة الاحتمالية=/ مل(  نانوغرام0.55±  7.151مقابل مجموعة السيطرة )

دورة منتظمة على النقيض من الإناث ديهن لدى الإناث ل بروستاتك اسبيسفك انتيجينطفيف في مستوى 

مستوي انتي ، حيث لم يكن هناك اختلاف في 0.04 الاحتمالية= القيمةدورة غير منتظمة لديهن كانت اللاتي 

بروستاتك ، كما أظهرت هذه الدراسة وجود علاقة ارتباط إيجابية بين 0.6 مليرين هرمون القيمة الاحتمالية=

نتي ( و الارتباط السلبي بين أr = .893، 0.00 القيمة الاحتمالية=) مؤشر كتلة الجسمو  اسبيسفك انتيجين

كانت غالبية الإناث غير  .(r = -.317، 0.025 القيمة الاحتمالية=) مؤشر كتلة الجسمو  ن هرمونمليري

. كان هناك زيادة ٪07=٪ والوزن الطبيعي 71 الطبيعي= ٪، أكثر من الوزن63 =البدناء من  منتظمة دورة

في المرضى اللذين لديهم تاريخ  أنتي مليرين هرمونو  بروستاتك اسبيسفك انتيجينمعنوية في مستوى مصل 

نانوغرام/مل  5.570±5.577الإنحراف المعياري  ±)متوسط  بروستاتك اسبيسفك انتيجين ,عائلي للمرض
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الإنحراف  ±)متوسط  أنتي مليرين هرمون(5.56القيمة الإحتمالية) (نانوغرام/مل 5.553±5.503مقابل 

 .(5.55القيمة الإحتمالية) (نانوغرام/مل 0.3± 05.3نانوغرام/مل مقابل  05.5 ±70.6 المعياري

تزداد  نتي مليرين هرمونأ ن وبروستاتك اسبيسفك انتيجيخلصت الدراسة إلى أن مستويات مصل  الاستنتاج:

في  اسبيسفك انتيجين وانتي مليرين هرمون. زيادة معنوية في مستوى توتال في متلازمة تكيس المبايض

 المرضى اللذين لديهم تاريخ عائلي للمرض.
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Chapter One 

Introduction, Objectives and Rationale 

1.1 Introduction 
 
Polycystic ovarian syndrome (PCOS) is the most common endocrinopathy 

of women, is combination of chronic anovulation or oligomenorrhoea and 

clinical or biochemical hyperandrogenism and ovarian polycystic changes 

are observed by ultrasound (Diamanti., 2008), affect about 6–8% of the 

population (Rudnicka et al., 2016). In recent years, acceptance of the 

concept that PCOS is a heterogeneous disorder (thatis, capable of having 

somewhat different manifestations in different people) and the exact cause 

not known until now, and it is a very common problem among patients 

attending infertility clinics (Rudnicka et al., 2016). Recent study 

conducted to assess Serum Anti-Müllerian hormone (AMH) as laboratory 

predictor in infertile women with PCOS (Tayrab et al., 2014). Prostate 

specific antigen (PSA) is a serine protease of human glandular kallikrein 

family and has historically been used as the most specific and sensitive 

marker for prostatic cancer in males (Nagar., and Msalati., 2013 ), PSA 

production in the prostate is under the control of steroid hormones. 

Androgens up-regulate the expression of the PSA gene through the 

androgen receptor, PSA has been detected in some female tissues 

(including breast, ovarian, and endometrial tissues) and body fluids 

(amniotic fluid, milk, and breast cyst fluid) (Melegos et al., 1997), The 

presence of PSA in these female tissues seems to be associated closely 

with steroid hormone regulation, especially androgens, glucocorticoids, 

and progestin but not estrogen (Mashkoor et al., 2013). Previous study 

found that serum PSA levels were increased significantly in women with 
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hirsutism ((Melegos et al., 1997), other study demonstrated that women 

with PCOS had significantly higher serum concentration of TPSA than 

healthy women and showed that TPSA positively correlated with 

testosterone (Rudnicka et al., 2016). 

 

1.2 Rationale  

 
Recently PCOS in become one of the most common problem among 

women in reproductive age that visit fertility centers in Sudan , the 

diagnosis and differential diagnosis of PCOS remains confused to many 

clinicians because have different criteria and different phenotypes and 

have different manifestations in different people due to genetic and 

environmental background and until now have no separately lab test and 

clinicians depend on rule out all other cause of heperandrogenism and 

ultrasound so these may lead to miss diagnosis, PSA may be a new 

biomarker helping in diagnosis of PCOS, so may reduce infertility and 

other complication. 

The strong involvement of AMH in the pathophysiology of PCOS has 

opened a wide discussion about whether AMH could be involved in 

facilitating the diagnosis of PCOS, as a more sensitive and specific marker 

than follicle count in ultrasonographic examination. 
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1.3 Objectives 

1.3.1 General Objective 

To assess the levels of serum total Prostate specific antigen (TPSA) and 

Anti mullerian Hormone (AMH) among Sudanese women with polycystic 

ovarian syndrome. 

 

1.3.2 Specific objectives 

1. To estimate the level of serum TPSA, AMH in polycystic ovarian 

syndrome patients compared to control group.  

2. To compare between TPSA, AMH with menstrual cycle (regular, 

irregular) in case group. 

3. To calculate the body mass index (BMI) based on the weight and 

height of study group. 

4. To correlate between TPSA, AMH and BMI. 
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Chapter Two 

Literature Review 

 
2.1Polycystic Ovary Syndrome 

 

Polycystic Ovary Syndrome (PCOS) is a set of symptoms that result from a 

hormonal imbalance affecting women and girls of childbearing age. Women with 

PCOS usually have at least two of the following  conditions,absence of ovulation, 

leading to irregular menstrual periods or no periods at all ,high levels of androgens 

(a type of hormone) or signs of high androgens, such as havingexcess bodyor facial 

hair ,cysts (fluid-filled sacs) on one or both ovaries—"polycystic" literally means 

"having manycysts"Some women diagnosed with PCOS have the first two 

conditions listed above as well as other symptoms of PCOS but do not have cysts 

on their ovaries(Azziz.,  2006 ). 

 First description of the syndrome by Stein &Leventhal , who in their original 

report described seven women with variable clinical characteristics (i.e. obesity, 

hirsutism, acne and amenorrhoea) associated with enlarged bilateral polycystic 

ovaries(Conway  et al., 2014 ). At the time, these signs were strictly adhered to in 

the diagnosis of what was then known as Stein-Leventhalsyndrome . These 

investigators also reported the results of bilateral wedge resection of the ovaries, in 

which at least half of each ovary was removed as a therapy for PCOS. Most of 

their patients resumed menses and achieved pregnancy after ovarian wedge 

resection. They postulated that removal of the thickened capsule of the ovary 

would restore normal ovulation by allowing the follicles to reach the surface of the 

ovary (Tayrab et al.,  2014). 

https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022075
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022598
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0023146
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0023146
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022075
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0024724
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022396
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022599
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0024724
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The exact mechanism responsible for the therapeutic effect of removal or 

destruction of part of the ovarian tissue is still not well understood. On the 

basis of Stein and Leventhal‘s work, a primary Ovarian defect was 

inferred, and the disorder was commonly referred to as polycystic ovarian 

disease. Subsequent clinical, morphologic, hormonal, and metabolic 

studies uncovered multiple underlying pathologies, and the term polycystic 

ovary syndrome was introduced to reflect the heterogeneity of this 

disorder. One of the most significant discoveries regarding the 

pathophysiology of PCOS was the demonstration of a unique form of 

insulin resistance and associated hyperinsulinemia (Franks., 2006).  

2.1.1 Etiology of Polycystic Ovary Syndrome(PCOS) 

The etiology of this syndrome is still speculative while its pathophysiology 

appears to be both multifactorial and polygenic.There are no certainties 

about the origin of PCOS, and a variety of hypotheses about either the 

genetic or the environmental origins of PCOS have been postulated. PCOS 

phenotype can be found from early infancy to puberty, based on 

predisposing environmental influences and genetic factors. There is some 

evidence that PCOS may partly depend on genetic factors. However, it is 

unlikely that PCOS represents a single gene defect and it is more likely to 

be polygenic or oligogenic. One hypothesis suggested that the clinical 

features of PCOS may develop as a consequence of genetically determined 

hypersecretion of androgens by the ovary starting at puberty or very likely 

long before puberty, so that typical clinical and biochemical characteristics 

of PCOS may become expressed as a consequence of exposure to 

androgen excess at or before.   (Rosenfield., and Ehrman., 2016) . 
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2.1.1.1 Genetic factor forPolycystic Ovary Syndrome (PCOS):  

familial aggregation of PCOS phenotypes and of associated metabolic and 

reproductive abnormalities has been long noted, While clustering of cases in 

families strongly support the role of genetic factors in the development of PCOS, 

heterogeneity of phenotypic features in different families and even within the same 

family underscores the importance of the environmental contribution. PCOS 

appears to be a common and complex trait and the exact pattern of inheritance is 

yet to be fully explained.The model of inheritance of PCOS has not yet been 

defined. Some researchers have postulated autosomal dominant transmission 

linked to a single genetic defect, but most authors define PCOS as a polygenic 

pathology. It is also possible that a particular gene in a given family may have a 

predominant effect, influencing the phenotypic manifestations of the syndrome. 

The main candidate genes are those encoding for factors involved in the synthesis, 

transport, regulation and effects of androgens (Leo.V et al., 2016). in addition 

biochemical parameters, including fasting insulin levels or hyperandrogenemia, 

seem to be highly heritable parameters, suggesting that some clinical signs, 

symptoms, or biochemical parameters of PCOS could be transmitted as mendelian 

autosomal dominant , or X-linked traits , but the genetic studies have not as yet 

concluded the pattern of heredity , While studies, so far, are unable to exclude an 

autosomal or X-linked dominant mode of inheritance, the heritability of PCOS is 

probably more complex, similar to that of type 2 diabetes mellitus or 

cardiovascular disease (Rosenfield., and Ehrman., 2016) . 
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2.1.2 Pathophysiology of Polycystic Ovary Syndrome(PCOS) 
 

The exact pathophysiology of PCOS is complex and remains largely 

unclear (Teede et al., 2010), Theories regarding the pathophysiology of 

PCOS implicate primary defects in the hypothalamic–pituitary axis, 

ovarian function, and insulin secretion and action (Azziz., 2016). 

2.1.2.1Hyperandrogenism 

The clinical and/or biochemical signs of androgen excess in PCOS result 

from increased synthesis and release of ovarian androgens. Elevated 

luteinising hormone and insulin synergistically increase androgen 

production. Insulin resistance leads to hyperinsulinaemia, reduces sex 

hormone binding globulin(SHBG) and raises free circulating testosterone 

and together, hyperandrogenism and hyperinsulinaemia impairs ovarian 

follicle development. Clinical hyperandrogenism primarily includes 

hirsutism, acne and male pattern alopecia (Azziz., 2016). 

PCOS is a common cause of hirsutism occurring in approximately 60% of 

cases, however this varies with race and degree of obesity (Franks., 2006), 

Hirsutism, Acne affects one third of cases and is not particularly specific 

for PCOS. Male pattern hair loss (androgenic alopecia) is less frequently 

seen in PCOS cases, as it generally requires a familial predisposition. 

Other features of hyperandrogenism include virilisation, which, especially 

if presenting with clitoromegaly and rapid onset, requires exclusion of 

other causes including adrenal or ovarian androgen-secreting tumours 

(Legro et al., 2013). 

Biochemical hyperandrogenism is present in most patients with PCOS. 

Measurement of biochemical androgens in PCOS is limited by poor 

accuracy and reproducibility of assays, which are designed for 

significantly higher male androgen levels. Free androgen index 



8 
 

measurements are generally recommended, derived in the lab from SHBG 

and total testosterone measurements.Dehydroepiandrosterone sulfate 

(DHEAS) and androstenedione are not routinely recommended in PCOS 

(Franks., 2016). 

2.1.2.2Hirsutism 

Hirsutism is defined as the excessive growth of terminal hair in women and child 

in distribution similar to that occurring in post pubertal men (Brassard et al., 2008) 

Clinical features of hyperandrogenism frequently seen in PCOS include hirsutism, 

acne, and androgenic alopecia. Hirsutism is the presence of terminal hairs on the 

face and/or body in a female in a male-type pattern. The most common method of 

determining the presence of hirsutism uses a visual score. (Azziz et al., 2009). 

Various methods have been proposed. The most commonly used method is a 

modification of a method originally reported by Ferriman and Gallwey. Nine body 

areas, including the upper lip, chin, chest, upper back, lower back, upper and lower 

abdomen, upper arm, and thigh, are assigned a score of 0–4 based on the density of 

terminal hairs. A score of 0 represented the absence of terminal hairs, a score of 1 

minimally evident terminal hair growth, and a score of 4 extensive terminal hair 

growths. The cutoff value should be established after the study of a large 

population of unselected women. Using this approach, cutoff values for defining 

hirsutism have been variously reported to be a score of 6 or greater, 7 or more, and 

8 or more. (Azziz et al., 2009). However, we should note that the prevalence of 

hirsutism in PCOS will vary according to the race and ethnicity of the population 

being studied. These data suggest that the degree of body and terminal hair growth 

and the prevalence of hirsutism are not significantly different between unselected 

White and Black women. Consequently, it is likely that there will be little 

difference in the prevalence of hirsutism between Black and White PCOS women. 

Although this remains to be confirmed. Consistent with the lower population 
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prevalence of hirsutism observed in East Asian women, a comparative study of 

patients with PCOS from the United States (primarily Mexican Americans), Italy, 

and Japan noted that Japanese women had a significantly lower mean hirsutism 

score than their non-Asian counterparts. However, the lesser prevalence of 

hirsutism among East Asian PCOS patients may not extend to all groups in 

theregion. For example wijeyaratne and colleagues observed that hirsutism was 

more prevalent and more severe among PCOS patients of Southern Asian 

extraction (Pakistani, Bengali, Gujarati, or Dravidian Indian) than Whites. 

Likewise, among women of Indian descent in New Zealand, about two thirds of 

women with PCOS presented with clinical evidence of hirsutism, similar to the 

prevalence found in women of European, Maori, and Pacific Island descent. 

Although it is clear that there is racial variation in hair growth patterns, race-

specific normative ranges have not been well established, which is required to 

determine whether a particular woman has excessive amounts of body of facial 

hair. Overall, hirsutism is an important feature of PCOS, affecting approximately 

65% to 75% of patients with PCOS, including women of White, Black, and 

Southeast Asian race. The prevalence of hirsutism in PCOS is likely to be less 

among women of East Asian extraction (Azziz et al., 2009). 

2.1.2.3Acne 

 
Acne affects approximately 12% to 14% of white (PCOS) patients 

although the prevalence of this dermatologic abnormality varies with 

ethnicity: it is reportedly higher in Asian Indians and lower in Pacific 

Islanders. In a study of 248 women with (PCOS) in Italy, acne alone in the 

absence of other pilosebaceous features was present in 23.4%. Among 716 

patients with (PCOS), 14.5% presented with acne, either alone or in 

combination with hirsutism. In a prospective study of women presenting 

for blood donation, Asuncion and colleagues noted that of the 10 women 
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diagnosed with PCOS, four (40%) had acne, three without associated 

hirsutism. However, various surveys have noted a relatively high 

prevalence of acne in the general population, particularly among younger 

women. Approximately 20% of individuals in their midteens and 15% of 

those in their early 20s complain of acne; even 10% of women in their 30s 

and 5% of women 40 to 60 years old will complaint of, albeit mild, acne. 

Consequently, the degree to which PCOS increases the risk of acne above 

the general population prevalence is unclear. The variability in the 

prevalence of acne is compounded by the fact that there is no single 

scoring system used. Overall, although acne affects 15% to 25% of PCOS 

patients, it is unclear whether the prevalence of acne is significantly 

increased in these patients over that observed in the general population 

(Azziz et al., 2009). 

2.1.2.4 Androgenic alopecia 

 
Scalp hair loss in women is a distressing complaint with significant 

psychologic morbidity. It usually represents the pilosebaceous unit 

response to endogenous androgens and may be associated with acne and 

hirsutism. Androgen sensitivity of the pilosebaceous unit varies, and there 

is poor correlation between clinical features and evidence of biochemical 

hyperandrogenism. The presence of DHT, formed from the 5a-reduction of 

tin the dermal papilla, is associated with a higher 5a-reductase activity in 

the hairs plucked from a scalp presenting with androgenic alopecia. In 

addition to androgen excess, other potential etiologies of alopecia or 

diffuse scalp hair loss in any woman may be genetic (i.e., familial 

premature scalp follicular loss), environmental (e.g., damage following the 

use or abuse of hair cosmetics), and nutritional (e.g., poor protein intake, 

zinc deficiency, iron-deficient anemia). Androgenic alopecia is a 
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recognized sign of (PCOS). However, the prevalence of this abnormality 

in PCOS is unclear. Although we previously noted that PCOS patients 

may account for _10% to 40% of all women with alopecia, literature 

defining the incidence of alopecia in either normal women or women with 

PCOS is sparse. The pattern of hair loss in PCOS generally involves 

thinning of the crown with preservation of the anterior hairline. 

Androgenic related alopecia in women with PCOS tends to be seen in the 

anterior midvertex area extending to the crown. The anterior hairline 

remains intact in women with PCOS and significant a bit emporal scalp 

hair recession is unusual except in virilizing syndromes. Unfortunately, a 

loss of at least 25% of scalp hair is needed before a woman becomes aware 

of thinning of her scalp hair. The sole presence of alopecia or diffuse scalp 

hair loss in women may be the sole dermatologic sign of PCOS (Azziz et 

al., 2009). 

2.1.3 Specific steroidogenic enzyme defects in (PCOS) 
 

In vitro studies suggest that the enhanced steroidogenic potential of PCOS theca 

cells resides in the increased enzyme activities of 17a-hydroxylase/17,20- lyase 

(CYP17a1), 3-beta-hydroxysteroid dehydrogenase type II (HSD3B2) and side-

chain cleavage enzyme (CYP11A1); the enzyme activities remain elevated after 

many passages in culture (Nelson., 2001). These three enzymes act at various steps 

of the pathway of androgen synthesis. CYP11A1 performs the first step of  

steroid biosynthesis: the conversion of cholesterol to pregnenolone. CYP17a1 

(cytochrome P450c17; 17a-hydroxylase/17,20-lyase) has dual functions: the 

hydroxylase activity catalyses the 17ahydroxylation of both pregnenolone and 

progesterone; and the 17,20-lyase activity cleaves the C17–C20 bond of 17a-

hydroxypregnenolon and 17a-hydroxyprogesterone to form 

dehydroepiandrosterone (DHEA) and androstenedione, respectively. HSD3B2 
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transforms D5-steroids (pregnenolone, 17ahydroxypregnenolone and DHEA) into 

their D4- congenors. The increased enzyme activity of CYP17A1 is reflected at the 

transcriptional level. (Rosenfield .; and Ehrmann.; 2016 ). 

 

2.1.4 Gonadotropins Hormones  
 

Impaired gonadotropin dynamics may contribute to excessive androgen 

production in (PCOS), Increased LH pulse frequency and amplitude 

leading to persistently increased LH levels may directly enhance theca 

androgen synthesis. However, it has been suggested that elevated LH 

levels result from an impaired negative feedback on LH secretion, due to 

excessive androgen action on the hypothalamic–pituitary axis. The 

relatively reduced FSH levels (in relation to LH) may have an indirect 

role. The decreased stimulation of aromatase by FSH results in the 

decreased conversion of androgen to oestrogen and aggravates the ovarian 

androgen excess (Diamanti., 2008).    

 2.1.5IntraovarianFactors  
 

Intraovarian factors of granulosa cell origin, such as anti Mullerian 

hormone (AMH) and inhibins, may contribute to the steroidogenic activity 

of theca cells. AMH is a dimeric glycoprotein of the transforming growth 

factor b (TGF-b) superfamily involved in follicular dynamics (Knight., and 

Glister.,2006 ). AMH type II receptors (AMHRII) have recently been 

detected on theca cell membranes of maturing follicles and could mediate 

a paracrine effect of AMH on androgen production. Additionally, AMH 

may indirectly contribute to the ovarian androgen excess by inhibiting 

FSH action or by suppressing aromatase activity (Diamant., 2008 ). The 

significant positive relationship between AMH and testosterone levels is 

compatible with the putative role of AMH in perpetuating ovarian 
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androgen excess. Similarly, theca cells have been shown to express inhibin 

receptors on their membrane, supporting the notion of a paracrine action of 

inhibins on theca steroidogenesis (Wang et al., 2016).   

 

2.1.6 Adrenal Hyperandrogenism 
 

There is a body of evidence to suggest that adrenal hyperandrogenism by 

putative dysregulation of CYP17A1 is a genetically determined trait in 

PCOS. Increased peripheral metabolism of cortisol has also been proposed 

to contribute to the functional adrenal hyperandrogenism. In particular, the 

enhanced inactivation of cortisol by 5a-reductase or the impaired 

reactivation of cortisone by 11-beta-hydroxysteroidogenase1 could lead to 

decreased feedback suppression of adrenocorticotropic hormone (ACTH) 

secretion. Notably, insulin resistance may in part account for the enhanced 

5a-reduction of cortisol without affecting cortisol production. In this 

setting, the hypothalamic–pituitary–adrenal axis may be stimulated, 

leading to increased adrenal androgen production in PCOS. Nevertheless, 

aberrations related to adrenal function appear to contribute to a limited 

extent to the hyperandrogenism of PCOS (Diamanti., 2008). 

2.1.7 Poly cystic ovary syndrome and ovarian dysfunction  

Ovarian dysfunction usually manifests as oligomenorrhoea/amenorrhoea resulting 

from chronic oligo-ovulation/anovulation (Brassard et al., 2008). However, 

prolonged anovulation can lead to dysfunctional uterine bleeding which may 

mimic more regular menstrual cycles. The majority of PCOS patients have ovarian 

dysfunction, with 70% to 80% of women with PCOS presenting with 

oligomenorrhoea or amenorrhoea. Among those with oligomenorrhoea, 80% to 

90% will be diagnosed with PCOS (Brassard et al., 2008). Among those with 

amenorrhoea, only 40% will be diagnosed with PCOS as hypothalamic dysfunction 
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is a more common cause (Azziz et al., 2009). Oligomenorrhoea occurs usually in 

adolescence, with onset later in life often associated with weight gain. Menstrual 

irregularity is then often masked by the oral contraceptive pill (OCP), until 

cessation, when the underlying irregular cycles recur. Menorrhagia can occur with 

unopposed estrogen and endometrial hyperplasia, further exacerbated by elevated 

estrogen levels in obesity. Whilst inadequate research exists, it is generally 

recommended that greater than four cycles per year may protect the endometrium. 

Women with regular menstrual cycles can also now be diagnosed with PCOS 

based on newer diagnostic criteria (Azziz., 2006). In those with PCOS and 

infertility, 90% are overweight. Obesity independently exacerbates infertility, 

reduces efficacy of infertility treatment and induces a greater risk of miscarriage 

(Brassard et al., 2008). There is currently an active debate about the appropriate 

limit for body mass index for assisted reproduction therapies, given the reduced 

success rates and the demonstrated risks of pregnancy in overweight women 

ideally, weight should be optimized prior to pregnancy. Age-related infertility also 

exacerbates infertility and timely planning of families may warrant discussion 

(Yuan et al., 2016).  

2.1.7.1 Amenorrhoea 

Amenorrhoea can be primary (menstruation has never occurred) or secondary. 

Oligomenorrhoea is sparse or infrequent menstruation; it can be due to less severe 

forms of some of the causes of amenorrhoea. Primary amenorrhoea can occur as 

part of the syndrome of female hypogonadism, but can also be present in normally 

feminized women. The commonest cause of amenorrhoea in women of child-

bearing age is pregnancy, and this possibility, however unlikely, must always be 

excluded. The finding of an apparently high plasma LH concentration may suggest 

pregnancy before a pregnancy test is performed: chorionic gonadotrophins cross-

reacts in some assays for LH. Pregnancy apart, amenorrhoea in normally feminized 
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women is most frequently due to a hormonal disturbance that results in a failure of 

ovulation (Marshall et al., 2014). Causes include: disordered hypothalamo-pituitary 

function, related to weight loss (30–35% of cases in most series) or 

hyperprolactinemia (10–12%), but idiopathic in some 10% of cases, ovarian 

dysfunction (e.g. autoimmune disease leading to premature menopause) (10–12%), 

increased androgen production (particularly polycystic ovary syndrome (PCOS) 

and late-onset congenital adrenal hyperplasia) (30–35%). Weight loss can lead to a 

decrease in the frequency of the pulsatility of GnRH secretion and thus decreased 

secretion of LH and FSH. Menstruation almost always ceases if weight falls below 

75% of the ideal, and may do so with smaller losses. Regular menstruation returns 

if weight is regained. Severe stress and intensive exercise regimens, such as are 

adopted by elite long-distance runners, ballet dancers and gymnasts, can also lead 

to amenorrhoea, probably for complex neuroendocrinological reasons in addition 

to any effect of decreased body weight. Amenorrhoea due to excessive androgen 

secretion is often associated with hirsutism or even virilism. Uterine dysfunction is 

an uncommon cause of amenorrhoea. It can be excluded, if necessary, by the 

progestogen challenge test. If medroxyprogesterone acetate is given orally (10 mg 

daily for 5 days), the occurrence of vaginal bleeding 5–7 days later signifies that 

the uterus was adequately oestrogenized. If bleeding does not occur, the test is 

repeated, giving estrogen (ethinyloestradiol, 50 mg daily for 21 days, with 

progestogen on the last 5 days). Absence of bleeding indicates uterine disease. If 

bleeding occurs, oestrogen deficiency is present. The diagnosis of hormonal causes 

of amenorrhoea requires basal measurements of plasma FSH, LH and prolactin 

concentrations. A high FSH concentration is indicative of ovarian failure (and is 

more sensitive in this respect than LH). If LH, but not FSH, is elevated, and the 

patient is not pregnant, the most likely diagnosis is PCOS, and pelvic 

ultrasonography should be performed. If LH and FSH concentrations are normal or 

low, a pituitary or hypothalamic disorder should be sought, by anatomical studies 
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and dynamic testing of the hypothalamo-pituitary axis in a manner similar to that 

described for male hypogonadism. As in males, however, the results of such tests 

do not always distinguish between pituitary and hypothalamic disorders. The 

management of amenorrhoea depends on the cause, and whether fertility is 

required. In hyperprolactinemia, the treatment is directed to the underlying cause 

wherever possible (e.g. withdrawal of drugs, treatment of hypothyroidism). In 

ovarian, pituitary or hypothalamic disease, when fertility is not required, cyclical 

estrogen and (if the patient has a uterus) progestogen replacement is given. In 

established ovarian failure, pregnancy is only possible using donated ova. If 

fertility is required in pituitary failure, treatment is with human FSH and LH; HCG 

may be required to mimic the mid-cycle LH peak and stimulate ovulation. . Careful 

monitoring of plasma oestradiol concentrations is necessary to detect hyper 

stimulation, which carries a risk of multiple pregnancies and the production of 

ovarian cysts. Patients with hypothalamic disease may respond to clomiphene. This 

substance blocks oestradiol receptors in the hypothalamus and may stimulate 

GnRH (and thus LH and FSH) secretion (Azziz et al., 2009) (Coffler et al., 2003). 

Nonresponders are treated with pulsatile GnRH. Clomiphene is also useful in 

inducing ovulation in patients with PCOS. When it has not been possible to 

distinguish between hypothalamic and pituitary disease, a failure to respond to 

pulsatile GnRHsug gests that amenorrhoea is due to pituitary dysfunction.  

Amenorrhea due to androgen excess can be due to adult onset CAH, corticotropin-

dependent Cushing syndrome, or polycystic ovary syndrome (PCOS). Some 

individuals with 21-hydroxylase deficiency do not manifest any developmental 

abnormalities or salt wasting, but they present with signs of androgen excess. This 

clinical syndrome, referred to as non classic, adult-onset, or late-onset CAH, may 

be clinically indistinguishable from PCOS. Serum androstenedione and 

testosterone concentrations (total and free concentrations) are elevated, with mean 

concentrations 50 to 150% higher than normal. Abnormal bleeding patterns seen in 
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PCOS are due to chronic anovulation and lack of progesterone stimulation and 

withdrawal. Chronic estrogen exposure without progesterone may predispose 

patients to endometrial cancer. Some attempt has been made to link PCOS to 

leptin, a hormone that is secreted by adipocytes and is thought to play a role in 

regulating food intake and metabolism. Animals that lack leptin are infertile; leptin 

injection increases gonadotropin secretion and restores fertility. For women with 

PCOS who wish to conceive, treatment is aimed at ovulation induction. Weight 

reduction should be attempted first in those women who are overweight, as it often 

helps to promote ovulation. If ovulation does not occur, then medications such as 

clomiphene citrate, metformin, and aromatase inhibitors may be useful. Ovarian 

hyperthecosis, a non-neoplastic lesion of the ovary characterized by the presence 

of islands of luteinized thecal cells in the ovarian stroma, is sometimes confused 

with PCOS (yuan et al., 2016).  

 

2.1.7.2 Intraovarian Androgens 
 

Intraovarianhyperandrogenism may be causatively linked with anovulation in 

PCOS. Intraovarian androgen excess could impair folliculogenesis in a dual 

fashion, in part by stimulating the growth of small follicles (Jonard., and Dewailly 

., 2004),and in part by hindering follicular maturation towards the dominant stage . 

Androgens appear to have diverse actions on ovarian granulosa cells according to 

the stage of the oocyte developmental program and the concurrent environmental 

milieu. Early follicles acquire the androgen receptor before other receptors (FSH 

receptor, AMH receptor). Therefore, androgens could affect folliculogenesis at the 

initial FSH independent phase (recruitment) and, in concert with other growth 

factors, contribute to the exaggerated early follicular growth in PCOS      

(Diamanti., 2008). And enhance FSH-induced granulosa cell differentiation, as 

demonstrated in primate models. These effects are at variance with evidence 
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showing inhibition of granulosa cell proliferation and maturation by androgens 

(Diamanti., 2008).  

The androgen-induced inhibition of aromatase activity ,may contribute to the 

distortion of the later stages of folliculogenesis. This abnormality may lead to the 

failure of the selection of the dominant follicle and the demise of the subordinate 

cohort of follicles, which are required for mono-ovulation (Jonard., and Dewailly.,  

2004).  

2.2 AMH  

2.2.1 AMH physiology 

 

 In the male foetus, the Sertoli cells in developing testes produce AMH, which 

through AMH receptor-type II (AMHR-II) activation induces regression of the 

paramesonephric ducts. Strong AMH expression is involved in testicular 

differentiation during foetal development up to puberty. In the female foetus, the 

absence of AMH results in the development of the paramesonephric ducts into the 

oviduct, uterus, and the upper 2/3 of the vagina. Production of AMH starts from 

about the 36th week of gestation and lasts until menopause (Rey et al., 2013). 

AMH is mainly expressed in granulosa cells of growing antral and pre-antral 

follicles in the gonadotropin-independent phase. Serum AMH reflects the secretion 

of AMH only from the follicles that are vascularised. AMH regulates follicle 

growth by the inhibition of their sensitivity to follicle-stimulating hormone (FSH). 

In the physiological menstrual cycle, when the follicle matures and reaches a 

diameter of around 6 mm, it enters the FSH-dependent growth phase, resulting in 

follicle selection and ovulation. It should be highlighted that selection of the 

follicle is based on its own sensitivity to FSH, and it requires FSH to continue its 

growth. After that time, there is a gradual reduction of intra follicular AMH 

concentration. Oocyte, depending on the stage in preantral, antral, and 
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preovulatory follicles, can regulate AMH expression in granulosa cells (Pellatt et 

al., 2011). Additionally, elevated oestrogen production and FSH can down-regulate 

AMH activity (Pellatt et al., 2011). 

2.2.2 AMH in PCOS 

 

Recent study demonstrate use of AMH in diagnosis of PCOS, AMH concentration 

correlates with the number of antral follicles as well as age of the women .AMH 

peaks at age 24.5 years, followed by a decline to the menopause . AMH values 

decrease steadily in a manner highly correlated with advancing age. The average 

yearly decrease is higher through age 35. On the other hand, a lower AMH level 

predicts poor ovarian response especially in invitro fertilization process (Tayrab et 

al., 2014), AMH is a promising biochemical marker for the prediction of ovarian 

response and that a cut-off point indicating the value of 2.97 ng/ml can be adopted 

for this prediction (Kunt et al., 2011). Systematic review and meta-analysis suggest 

that AMH is a useful first-line investigation in the identification of women with 

PCOS (Iliodromiti et al., 2013). In Indonesian women, AMH can be used as an 

alternative diagnostic criteria for PCOS patients with a cut-off value of 4.45 ng/ml. 

AMH value rise when hyperandrogenism is present therefore serum AMH levels 

also reflect the phenotype of PCOS (Wiweko et al., 2014). Serum AMH 

measurement is very valuable in diagnosis of PCOS patients. The serum AMH 

level in women with hyperandrogenism, or oligo-anovulation could indicate the 

diagnosis of PCOS when reliable ultrasonography data are not available or when 

typical clinical and laboratory findings do not exists. The serum AMH level is a 

new and useful diagnostic tool in PCOS diagnosis (Sahmay et al., 2013).  

AMH serum levels seem to be related to severity of PCOS — women with classic 

phenotype have the highest serum AMH levels (Piouka et al., 2009) Supporting 

these findings, reported that 97% of women with AMH > 10 ng/mL presented 

PCOS and that AMH correlated positively with LH, total testosterone, and 
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dehydroepiandrosteronesulphate. Additionally, AMH showed high predictive 

ability for the presence of menstrual disorders (Cassar et al., 2014). 

2.2.3 AMH and its relation to obesity and insulin resistance in PCOS 

There are contradictory results concerning the association of AMH and obesity in 

women with PCOS. Recently, Olszanecka-Glinianowicz et al. reported that AMH 

levels were lower in obese women with PCOS than in normal weight PCOS 

women (Olszanecka et al., 2015) Conversely, Cassar et al found no differences in 

AMH levels between lean and obese women with PCOS (Cassar et al., 2014).In 

previously published studies, it has been proposed that insulin resistance, related to 

obesity, influences the function of granulosa cells and decreases AMH production. 

Furthermore, obesity could have an inhibitory effect on gonadotropin release, 

suppressing LH and follicle development, leading to elevated AMH concentrations 

(Grossman et al., 2008). Taking into account that PCOS women are commonly 

insulin resistant, the association between AMH and insulin resistance (IR) has been 

studied. Indirect measurements of IR have been associated with AMH either 

positively or negatively, or no association has been found (Olszanecka et al., 

2015). 

2. 3Prostate specific antigen        

2.3.1 Biochemistry of PSA  

  Prostate specific antigen is a 28 400 Da glycol- protein 40 comprising 237 amino 

acid residues , with five inter-chain disulphide bonds and approximately 8% 

carbohydrate in the form of a N-linked oligosaccharide sidechain. In seminal 

plasma PSA can be shown to exist in five isoforms, two biologically active and 

differing in the degree of glycosylation, and three biologically inactive or `nicked‘ 

forms. Prostate specific antigen exhibits serine protease activity (EC3.4.21.77) 

similar to chymotrypsin (Ward et al., 2001). Prostate specific antigen is a member 

of the human kallikrein family, with which it shares considerable structural   and 
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functional homology and a gene location on the long arm of chromosome 19 

(19q13.2±q13.4). Prostate specific antigen, designated as hK3 in conformity with 

the unified nomenclature of the kallikreins, has 80% sequence homology with hK2 

(glandular kallikrein) and 63% with hK1 (pancreatic±renalkallikrein) (Ward et al., 

2001). 

Prostate specific antigen is synthesized in the ductal and acinar epithelium of the 

prostate gland, whence it is secreted into the seminal plasma at a concentration of 

0´5±2´0 g/L; secretion has been identified in the Para urethral and perianal glands 

as well as in apocrine sweat glands and the mammary glands. Synthesis of PSA has 

also been demonstrated in a number of tumor cell-lines, notably 

neuroblastoma(Ward et al., 2001). The function of PSA is to liquefy the seminal 

coagulum by proteolysis, with release of the entrapped spermatozoa, and may have 

a bioactive role in fertilization. In relation to carcinoma of the prostate the 

literature is confusing and even contradictory, with evidence promoting both its 

stimulatory and inhibitory role. It has been shown that PSA can cleave insulin-like 

growth factor binding protein-3, [liberating bioactive insulin-like growth factor 

(IGF-1)], activate the transforming growth factor (TGF-b) and regulate the 

bioactivity of parathyroid hormone-related protein. (Ward et al., 2001). Recent 

experimental evidence suggests that PSA may also have antiangiogenic activity by 

inhibition of endothelial cell proliferation induced by fibroblast growth factor 

(FGF-2) and vascular endothelial growth factor (VEGF). PSA has also been shown 

to release angiostatin-like fragments from plasminogen (Ward et al., 2001)                   

(Franks., 2006). 

2.3.2 Molecular Forms of PSA 

PSA circulates in serum in complexed forms (bound to protease inhibitors) or in 

uncomplexed (free or unbound) forms. fPSA represents 10±30% of TPSA. 

Approximately 70±90% of the TPSA is bound to the serine protease inhibitor 
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ACT. Trace amounts of PSA are also bound to API (old nomenclature: a 1 -

antitrypsin), ITI, pregnancy zone protein (an A2M- analogue), or PCI, whereby the 

PSA-PCI complex could only be detected in seminal plasma and not in serum.( 

Stephan et al.; 200040) Another fraction of the PSA is bound to the 25-fold-larger 

A2M molecule. Because of its large size, the A2M completely encapsulates the 

smaller PSA molecule, and no free epitope sites of PSA remain for its detection. 

The PSA-A2M can only be measured after the complex has been opened (Stephan 

et al., 2000).  

2.3.3 Non Prostatic-PSA  

The organ specificityof PSA has recently been challenged and PSA is no longer 

said to be confined to males and prostate gland. With the availability of highly 

sensitive immunoassays it has become apparent that PSA is expressed in non-

prostatic tissues and most noteworthy is that it is now quantifiable in females. 

Several investigators have reported the presence of PSA in other tissues and 

biological fluids including breast cyst fluid, amniotic fluid, breast milk, nipple 

aspirate fluid pituitary, endometrium, ascetic fluid and CSF (Nagar., and Msalati., 

2014, Dash., 2015).  

PSA in females (Diamandis., and YU., 1995) first revealed that low levels of PSA 

are released into the female serum, the level of which is about 1000-fold less than 

those in male serum. Nipple aspirate fluid has the second highest PSA 

concentration after seminal plasma while the third highest level is found in breast 

milk of lactating women. Females lack prostate gland hence the exact source of 

PSA in females is still contentious. Researchers demonstrated that PSA level varies 

with the phase of menstrual cycle observing a rise in serum PSA level with the 

progesterone peak with a 10–12 day lag period, suggesting that PSA in females is 

regulated by corpus luteum steroids (Nagar., and Msalati., 2013). It was also 

reported that women with elevated androgen levels, consequently exhibiting 
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hirsutism also had elevated levels of PSA with the bound form PSA–ACT as the 

major molecular form present in them (Dash., 2015). Tumor extract analysis 

revealed the presence of both estrogen and progesterone receptors and high 

quantities of PSA which was predominantly in the free form. Their data support 

the contention that PSA immune reactivity in intra cystic fluid of breast carcinoma 

is partly the result of secretory activity by the neoplastic cells and that the steroid 

receptors modulates its expression (Dash., 2015).     
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CHAPTER THREE 

Materials and Methods 
 

3.1 Study design 

Cross sectional case control study.  

3.2 Study area and duration  

The study was conducted in Khartoum state; Patients enrolled in this study were 

from (Dr.Alsir Abu alhassan Fertility Center) during February 2017 - May 2017.  

3.3 Study population 

Fifty Sudanese women with PCOS which came to fertility center, which will 

diagnosis as PCOS (diagnosed according to hormonal profile and ultrasound and 

confirm the diagnosis by Anti-mullrien Hormone above 4ng/ml consider PCOS 

were be recruited as case and other50 apparently healthy women volunteers were 

involved as a control group. Both groups were age matched. 

3.4 Selection criteria 

(a) Inclusion criteria:  

 Sudanese women that newly diagnosed as PCOS (age between 18-35), agree to 

participate in this study was enrolled.  

(b) Exclusion criteria:  

Women who (use ovulatory agents, and glucocorticoids) and have any endocrine 

disease, was excluded.  

3.5 Ethical consideration of the study 

The study was revised and ethically approved by the ethical committee of the 

Faculty of Medical Laboratory sciences, Sudan University for science and 

technology and the Permission of this study was obtained from the medical lab 

directors of (Dr.Alsir Abu alhassan Fertility Center).the objectives of the study 

were explained to all participant and verbal Consent was taken regarding 
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acceptance to participate in the study and re-assurance of confidentiality. Before 

the specimen was collected.  

3.6 Sampling 

3.6.1 Data collection 

A questionnaire was used to obtain the clinical data for each participant in this 

study (appendix I).  

3.6.2 Sample collection 

Blood sample was collected from peripheral Vein from each subject ,In sterile 

condition and using a local antiseptic for skin, 5mls of venous blood was collected 

in plain blood container and centrifuged for 5 minutes at 3500rpm; and serum was 

separated and stored in -20 until used.  

3.7 Biochemical measurements 

3.7.1 Total prostatic specific Antigen (TPSA) measurement:  

Total PSA Was measured using an ultrasensitive method by 

Electrochemiluminesent (ECL) immunoassay method using Roche‘s e411 

technology.  

3.7.1.1 Principle of the method 

The Roche Elecsys Total PSA method is a sandwich electrochemiluminescent 

immunoassay that employs a biotinylated monoclonal PSA-specific antibody and a 

monoclonal PSA-specific antibody labeled with ruthenium complex. PSA in the 

specimen reacts with both the biotinylated monoclonal PSA-specific antibody 

(mouse) and the monoclonal PSA-specific antibody (mouse) labeled with a 

ruthenium, forming a sandwich complex. Streptavidin-coated microparticles are 

added and the mixture is aspirated into the measuring cell where the microparticles 

are magnetically captured onto the surface of the electrode. Unbound substances 

are then removed with ProCell. Application of voltage to the electrode induces the 
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chemiluminescent emission, which is then measured against a calibration curve to 

determine the amount of PSA in the patient specimen. (Henttu and Vihko.;1994) 

3.7.1.2 Procedure of TPSA measurement (appendix II). 

3.7.2Anti Mullerian Hormone AMH Measurement  

AMH was measured using ultrasensitive method by Electrochemiluminesent(ECL) 

immunoassay method using Roche‘s e411 technology. 

3.7.2.1 Principle of the method: 

The Roche Elecsys Total PSA method is a sandwich electrochemiluminescent 

immunoassay that employs a biotinylated monoclonal AMH-specific antibody and 

a monoclonal AMH-specific antibody labeled with ruthenium complex. AMH in 

the specimen reacts with both the biotinylated monoclonal AMH-specific antibody 

(mouse) and the monoclonal AMH-specific antibody (mouse) labeled with a 

ruthenium, forming a sandwich complex. Streptavidin-coated microparticles are 

added and the mixture is aspirated into the measuring cell where the microparticles 

are magnetically captured onto the surface of the electrode. Unbound substances 

are then removed with ProCell. Application of voltage to the electrode induces the 

chemiluminescent emission, which is then measured against a calibration curve to 

determine the amount of AMH in the patient specimen. (Wilson et al.;1993) 

3.7.2.2   Procedure of AMH measurement (appendix III). 

3.8 Quality control 

The Roche e411 analyzer was calibrated at first step, before running of 

sample, control sera used to be sure that results obtained were accurate 

and precise. (Appendix IV) 
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3.9 Statistical analysis: 

Data was analyzed to obtain means standard deviation and correlation of the 

sampling using statistical package for social science (SPSS) computer Programmed 

version 15, t test and person correlation were used for comparison and correlation 
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Chapter Four 

Results 

This is an analytical cross-sectional , hospital based study , which was carried out 

during the period from February to May in Elsir abu Alhassan Center for fertility 

in Khartoum State .The current study included 50 patients who were newly 

diagnosed as polycystic ovary syndrome and 50 apparently healthy Sudanese 

women ,age was match in the study  groups as in table (4.1). 

Table (4.1) BMI (mean± SD 29.26±7.30 kg/m2 versus 27.82+5.32 kg/m2) and Age 

(mean ± SD 26.58±4.59 versus 26.42±4.58) years. 

Table (4.2) comparison between means of TPSA, AMH among Sudanese patients 

with PCO and control group p.value≤ 0.05 consider significant AMH (mean ± SD 

14.11± 9.2 ng/ml versus 2.404 ± 1.00 ng/ml p.value0.00) TPSA (mean ± SD 0.019 

± 0.009 ng/ml versus 0.00104 ± 0.001ng/ml p.value 0.00) 

Table (4.3) comparison between the level of TPSA,AMH in PCOS female with 

regular and irregular cycle p.value≤0.05 consider significant TPSA 

(mean+sd0.01500±0.00633ng/ml in 13 female with regular cycle versus 0.019 ± 

0.009 ng/ml in 37 female had irregular cycle p value 0.04) AMH (mean ± SD 

015.56 ± 13.40 ng/ml in 13 female with regular cycle versus 13.60 ± 7.3ng/ml in 

those had irregular cycle p value 0.62) 

Table (4.4) shows association between PCO patients with (normal weight and 

irregular cycle = 14%, normal weight regular cycle =6%, obese), (over weight 

irregular cycle =24%, over weight regular cycle=12%) and (obese and irregular 

cycle= 36%   , obese regular cycle= 8%). 

Table (4.5) shows comparison between means of serum AMH, TPSA and body 

mass index (BMI) sub groups among patients with PCOS, TPSA (mean ± SD 

0.011+ 0.003 ng/mL in normal weight patients versus 0.014 ± 0.004 ng/mL in 

overweight p value 0.05), (mean ± SD 0.025±0.009 ng/ml in obese p value 
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0.00).AMH (mean ± SD 20.1±14.2 ng/ml in normal weight versus 14.2 ±7.4 ng/ml 

in overweight patient p value 0.1), (mean ± SD 11.1 ± 6.3 ng/ml in obese p value 

0.01). 

Table (4.6)comparison between means of serum AMH, among PCOS patients with 

and without family history, TPSA (mean± SD 0.0222 ± 0.021 ng/mL in 18 patients 

with family history versus 0.0165 ± 0.006 ng/ml in 32 patients without family 

history p value 0.03) .AMH (mean± SD 21.3 ± 10.0 ng/ml versus 10.6 ± 5.6 ng/ml 

p value 0.00). 

Figure (4.1) Show correlation between the level of TPSA and BMI in PCO patients 

(p value=0.00, r=.893) (positive correlation). 

Figure (4.2) show correlation btw the level of AMH and BMI in PCO patient (p 

value=0.025, r = -.317) (negative correlation). 
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Table (4.1) comparison between means of age and body mass index in study 

group: 

 

Variable 

                                        

Mean +SD 

                                            

P value 

 

  Age /year             Case                 

 

 

control 

 

 

    26.0 ±3.9 

 

 

     25.8±3.9 

 

 

            0.7 

 

BMI Kg/m2         Case                       

 

 

  control 

 

 

    29.5±6.1 

 

 

    27.4±4.7 

 

 

 

          0.06 

 

-Independent t test was used. 

Result express as (mean + SD), P value ≤ 0.05 considered significant. 

 

 

Table (4.2) comparison between means of serum AMH, TPSA among patient 

with PCOS and control group: 

 

Variable Mean + SD P.Value 

AMH(ng/ml)   Case 

Control 

14.11 ± 9.2 

2.404 ± 1.00 0.00* 

PSA(ng/ml)  Case 

Control 

0.019 ± 0.009 

0.001± 0.001 0.00* 

 

-Independent t test was used. 

-P value ≤ 0.05 considered significant. 

 

 

 

 

 



31 
 

 

 

Table (4.3) comparison between means of serum AMH, TPSA with menstrual 

cycle (regular, irregular) among patients with(PCOS): 

 

Variable 

 

N Mean +SD P.Value 

 

PSA         regular cycle 

 

(ng/ml)     irregular cycle 

 

  13 

 

  37         

 

0.015 ± 0.006 

 

0.019 ± 0.009 

 

 

0.04* 

                                  

AMH     regular cycle 

 

(ng/ml)    irregular cycle 

 

 

  13 

 

  37 

 

15.56 ± 13.40 

 

13.60 ± 7.3 

 

 

0.62 

 

- Independent t test was used. 

-P value≤ 0.05 considered significant  

 

Table (4.4 ) illustrates cross tabulation between BMI groups(normal  weight, 

obese and overweight) and menstrual cycle among patients  with PCO 

 Menstrual cycle total 

  Irregular Regular 

     Normal weight 14%(n=7) 6%( n=3) 10 

       Over weight 24%( n=12) 12%( n=6) 18 

          Obese 36%( n=18) 8% (n=4) 22 

           total 37 13 50 
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Table (4.5) comparison between means of serum AMH, TPSA and body mass 

index (BMI) sub groups among patients with (PCOS): 

 

 

 

 

 

TPSA (ng/ml) 

 

 

 

 

AMH (ng/ml) 

Variable Mean + SD P.Value 

Normal weight 

 

Over weight 

0.011 ± 0.003 

 

0.014 ± 0.004 

 

0.05* 

Normal weight 

 

Obese 

0.011 ± 0.003 

 

0.025 ± 0.009 

 

0.00* 

Normal weight 

 

Over weight 

20.1 ± 14.2 

 

14.2 ± 7.4 

 

0.1 

Normal weight 

 

 

Obese 

20.1 ± 14.2 

 

 

11.1±6.3 

 

0.01* 

- Independent t test was used. 

-P value ≤ 0.05 considered significant.  
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Table (4.6) comparison between means of serum AMH, among (PCOS) 

patients with and without family history: 

                Variable No Mean + SD P.Value 

 

TPSA 

(ng/ml) 

Had family history 

 

Had no family history 

18 

 

32 

0.022 ± 0.021 

 

0.016 ± 0.006 

 

0.03* 

 

AMH 

(ng/ml) 

Had family history 

 

Had no family history 

 

18 

 

32 

21.3 ± 10.0 

 

10.6 ± 5.6 

 

0.00* 

- Independent t test was used. 

-P value ≤ 0.05 considered significant.  
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Figure 4.1: Shows the Correlation between TPSA and BMI Level In Case 

Group, Significant Positive Correlation (P Value =0.00, r =.893) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

BMI 

PSA 



35 
 

 

 

Figure (4.2): Shows Correlation between AMH and BMI Level In Case 

Group, Significant Negative Correlation (P =0.025, r = -.317) 
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Chapter Five 

Discussion, Conclusion, Recommendations 

5.1 Discussion 

Polycystic ovarian syndrome is associated with increased ovarian and adrenal 

androgen secretions and hyperandrogenism and resultant hirsutism, 

hyperinsulinemia and central obesity (Azizz et al., 2009). 

Prostatic specific antigen (PSA) is the most specific prostatic tumor marker in men 

, PSA can no longer be regarded as a tissue specific or tumor-specific marker for 

only prostatic tissue, due to recent finding in different female tissues in small 

amount, because the control is under androgen regulation (Vural et al., 2007).  

The strong involvement of AMH in the pathophysiology of PCOS has opened a 

wide discussion about whether AMH could be involved in facilitating the diagnosis 

of PCOS. Increased serum AMH level of > 35 pmol/L (or > 5 ng/mL) has been 

proposed in the diagnosis of PCOS, as a more sensitive and specific marker than 

follicle count in ultrasonography examination (Piouka et al., 2009, Roe., and 

Dokaras., 2011). 

The current study showed a significant increase in the means of total prostate 

specific antigen (TPSA) in PCOS cases than normal control (p-value 0.00), also 

showed AMH was significant higher in cases with PCOS than in control (p-value 

0.00). Similar results were found in other study by ( Rudnicka et al., 2016),which 

report statistically significant difference in level of TPSA in PCOS than in control 

(p-value 0.003), also, this study agree with studies carried by (Fleming et al., 2005) 

and (Sahmay et al ., 2013). They found that AMH levels were significantly higher 

in PCOS patients, while it agrees with other study by (AlBayatti., 2004), that found 

significant difference in level of TPSA in PCOS group compared to control group 
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(p-value <0.001). This difference is mainly may be due to hyperandogenism 

among PCOS (ovarian androgen over production that stimulate the target tissues 

capable of producing PSA like ( breast and periurethral glands). 

The current study showed that there was significant difference between the means 

of total prostate specific antigen (TPSA) with regular and irregular cycle p.value 

(0.04) which agree with that ovarian dysfunction usually manifests as 

oligomenorrhoea /amenorrhoea (Brassard et al., 2008) , but there was insignificant 

difference between the means of (AMH) in PCOS case with regular and irregular 

cycle p.value(0.62) which disagree with other study showed AMH had predictive 

ability for the presence of menstrual disorders carried by (Cassar et al., 2014) . 

The result showed there were significant positive correlation between BMI and the 

TPSA (r =0.893   p.value =0.00), and there were negative significant correlation 

between AMH and BMI (r = -0.317   p.value =0.25), this finding agree with 

another result carried by (SLim et al., 2012) and (Vural et al., 2007). The study 

showed that there was significant variation on TPSA level among BMI sub groups, 

where the higher level in obese than normal and overweight p.values were 

significant, where we observed the level of AMH decrease with the increase of 

BMI, the highest level in normal weight, but the p.value was insignificant between 

normal and overweight this may due to small sample size. 

 Also we found that the majority of patients had irregular cycle were obese 36%, 

overweight 24% and normal weight 14% , this agree with study of (yuan et al., 

2016) weight reduction is the first step to promote ovulation. 

In this study shown significant increase in mean of TPSA, AMH among PCOS 

patients had family history of disease p.value (0.03) (0.00) respectively, this strong 

the evidence that particular gene in some families had predominant effect 

(Rosenfield., and Ehrman., 2016) . 
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5.2 Conclusions 

 

The study concludes that the serum levels of TPSA, AMH were increased in 

PCOS, there was weak significant relation between TPSA and menstrual cycle 

where was insignificant correlation between AMH and menstrual cycle, the 

majority of females had irregular cycle were obese. Significant positive relation 

between TPSA and BMI, the higher concentration of TPSA found in obese patients 

than overweight and those with normal weight. Where there was significant 

negative correlation between AMH and BMI, the highest concentration found in 

patients with normal weight. Serum levels of TPSA and AMH were significant 

increase in patients who had family history.  

 

5.2 Recommendations 

 

From the results of this study, it is recommended that:  

1. TPSA, AMH can be used as markers for PCOS within age (17-32year).  

2. Further studies are needed to measure PSA, AMH in different age above 32year, 

and to measure the levels of testosterone and SHBG among PCO patients, large 

number of sample size will be necessary 

3. Monitoring PSA level before, during and after treatment.  

4. Women should have healthy life style to avoid complication of polycystic ovary 

syndrome by minimizing BMI and impair insulin response. .  

5. Genetic studies should be done. 
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Appendix (I) 

Sudan University of Science and Technology 

College of Graduate studies 

Questionnaire 

Master Degree 

Assessment of serum Prostate specific antigen (PSA), Anti 

mullerian Hormone (AMH) level among Sudanese women 

with polycystic ovarian syndrome In Khartoum state 

A- General information: 

Sex:  female (      )                    

Age: ………………………………………………..Years  

BMI= weight ……… Kg. Height …………..m  

B- Clinical information:  

Duration of disease: ………………………………………………………….. (Better new cases)  

Menstrual cycle: regular (  )            irregular (   ) 

Number of cycle / years  

Family history: …………………………………………………………………………………..  

1st relative --------------------------------- 2ed relative degree-------------------------------  

Number of child: …………………………………………………………………………………  

Lab investigation:  

Serum AMH ----------------------------------------------ng/ml  

Serum Total PSA ------------------------------------------------ng/ml  

 

 

http://scholar.google.com/scholar_url?url=https%3A%2F%2Fwww.researchgate.net%2Fprofile%2FAbdelgadir_Eltom%2Fpublication%2F316999180_Assessment_of_serum_Prostate_specific_antigen_PSA_level_among_Sudanese_women_with_polycystic_ovarian_syndrome_In_Khartoum_state%2Flinks%2F591d3baea6fdcc233fcc8878%2FAssessment-of-serum-Prostate-specific-antigen-PSA-level-among-Sudanese-women-with-polycystic-ovarian-syndrome-In-Khartoum-state.pdf&hl=en&sa=T&oi=ggp&ct=res&cd=9&ei=hacdWuO4DeHojgStzaqwAw&scisig=AAGBfm1O8QracqHNM9OS1Pbb9tY05xrt5A&nossl=1&ws=1366x664
http://scholar.google.com/scholar_url?url=https%3A%2F%2Fwww.researchgate.net%2Fprofile%2FAbdelgadir_Eltom%2Fpublication%2F316999180_Assessment_of_serum_Prostate_specific_antigen_PSA_level_among_Sudanese_women_with_polycystic_ovarian_syndrome_In_Khartoum_state%2Flinks%2F591d3baea6fdcc233fcc8878%2FAssessment-of-serum-Prostate-specific-antigen-PSA-level-among-Sudanese-women-with-polycystic-ovarian-syndrome-In-Khartoum-state.pdf&hl=en&sa=T&oi=ggp&ct=res&cd=9&ei=hacdWuO4DeHojgStzaqwAw&scisig=AAGBfm1O8QracqHNM9OS1Pbb9tY05xrt5A&nossl=1&ws=1366x664
http://scholar.google.com/scholar_url?url=https%3A%2F%2Fwww.researchgate.net%2Fprofile%2FAbdelgadir_Eltom%2Fpublication%2F316999180_Assessment_of_serum_Prostate_specific_antigen_PSA_level_among_Sudanese_women_with_polycystic_ovarian_syndrome_In_Khartoum_state%2Flinks%2F591d3baea6fdcc233fcc8878%2FAssessment-of-serum-Prostate-specific-antigen-PSA-level-among-Sudanese-women-with-polycystic-ovarian-syndrome-In-Khartoum-state.pdf&hl=en&sa=T&oi=ggp&ct=res&cd=9&ei=hacdWuO4DeHojgStzaqwAw&scisig=AAGBfm1O8QracqHNM9OS1Pbb9tY05xrt5A&nossl=1&ws=1366x664
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