
 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

                        

 بسم الله الرحمن الرحيم

               
 

  
HANAA ALY  



 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

 
 

 شبكة المعلومات الجامعية 
  يق الالكتروني والميكروفيلمالتوث

 
HANAA ALY  

 



 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

 جامعة عين شمس
 لكتروني والميكروفيلمالتوثيق الإ

 قسم
 ن المادة التي تم توثيقها وتسجيلهانقسم بالله العظيم أ

 علي هذه الأقراص المدمجة قد أعدت دون أية تغيرات

 

 يجب أن
 حفظ هذه الأقراص المدمجة بعيدا عن الغبارت

 
 

HANAA ALY  



 

Clomiphene Citrate versus Letrozole For 

Induction of Ovulation in Infertile women 

having Polycystic Ovarian Syndrome 

(Randomized Controlled Trial) 

 Thesis  

Submitted for Partial Fulfillment of the Master Degree in 

Obstetrics and Gynecology 

 

By  

Nourhan Adel Abu Elfotouh Tantawy 

M.B.B.Ch Faculty of Medicine, Ain Shams University. 

 

Under supervision of  

Prof. Dr. Mahmoud Youssef Ali Ahmed Abdalla 

Professor of Obstetrics and Gynecology. 

Faculty of Medicine, Ain Shams University. 

 

 

Dr. Abdel Rahman Mohammed Saleh 

Lecturer of Obstetrics And Gynecology. 

Faculty of medicine, Ain Shams University. 

 

Faculty of Medicine 

Ain Shams University 

2021 



 

 

 

First of all, all gratitude is due to Allah almighty for blessing 

this work, until it has reached its end, as a part of his generous help, 

throughout my life. 

Really I can hardly find the words to express my gratitude to 

Prof. Dr. Mahmoud Youssef Ali Ahmed Abdalla, Professor of 

Obstetrics And Gynecology, Obstetrics and Gynecology, Faculty of 

Medicine, Ain Shams University, for his supervision, continuous help, 

encouragement throughout this work and tremendous effort he has 

done in the meticulous revision of the whole work. It is a great honor 

to work under his guidance and supervision. 

I would like also to express my sincere appreciation and 

gratitude to Dr. Abdel Rahman Mohammed Saleh, Lecturer of 

Obstetrics and Gynecology, Obstetrics And Gynecology, Faculty of 

medicine, Ain Shams University, for his continuous directions and 

support throughout the whole work. 

Words fail to express my love, respect and appreciation 

to my husband for his unlimited help and support. 

 Last but not least, I dedicate this work to my family, whom 

without their sincere emotional support, pushing me forward this 

work would not have ever been completed. 

 

 

Nourhan Adel Abu Elfotouh Tantawy 



List of Contents 

Page  

Acknowledgment  ...........................................................  -- 

List of Abbreviations  ......................................................  i 

List of Figures  ................................................................  iii 

List of Tables  ..................................................................  vii 

Introduction  ....................................................................  1 

Aim of the Work  ............................................................  4 

Review of Literature  .......................................................  5 

Chapter 1 :  Polycystic ovary syndrome ..................  5 

Chapter 2 : Clomiphene Citrate ...............................  43 

Chapter 3 :  Aromatase Inhibitors ............................  54 

Patients and Methods  .....................................................  66 

Results  ............................................................................  71 

Discussion  ......................................................................  116 

Summary .........................................................................  131 

Conclusion and Recommendations  ................................  136 

References  ......................................................................  137 

Arabic Summary  ............................................................  -- 

 



 

- i - 

List of Abbreviations 

ACOG  : American College of Obstetricians and 

Gynecologists  

AE–PCOS : Androgen Excess and PCOS Society  

AES  : The Androgen Excess Society  

AMH : Anti Mullerian Hormone 

AR  : Androgen Receptor Gene  

ASRM  : American Society for Reproductive Medicine  

BMI  :  Body Mass Index 

BMP-15 : Bone morphogenetic protein 15  

CI  : Confidence interval  

CNS : Central nervous system 

CRP : C-reactive protein 

DHEA       :   Dehydro-epiandrosterone 

DHEAS  : Dehydroepiandrosterone sulphate  

DMPA  : Dimethylbenz-a-anthracene  

E1 : Estrogens  

E2 : Estradiol  

ESHRE  : The European Society of Human Reproduction 

and Embryology  

FNPO  : Follicle number per ovary  

FSH  : Follicular stimulating hormone  

FSHR  : Follicle stimulating hormone receptor  

FT  : Free testosterone  

GABA : Gamma-amino butyric acid 

GCs  : Granulosa cells  

GDF-9 : Growth differentiation factor 9  

GIT : Gastro-intestinal tract 

GnRH : Gonadotrophin releasing hormone 

hCG : Human chorionic gonadotrophin 

IGF-1 : Insulin growth factor 1  



 

- ii - 

IL-6 : Interleukin-6  

IL-29         :   Interleukin-29 

IVF  : In-Vitro fertilization  

KISS1gene:   Kisspeptins-1 gene 

LH surge : Luteinizing hormone surge  

LH  : Luteinizing hormone  

LHCG    : Luteinizing Hormone/Choriogonadotropin Receptor 

LPD  : Luteal phase defect  

mFG  : Modified Ferriman–Gallwey  

mRNA : Messenger Ribonucleic acid 

miRNAs    :   MicroRNAs 

NCAH  : Non classic congenital adrenal hyperplasia  

NICE  : National Institute for Clinical Excellence  

NICHD  : National Institute of child Health and Human 

Development  

NICHD  : The National Institute of Child Health and 

Human Development  

NIH  : National Institutes of Health  

OGTT : Oral Glucose Tolerance Test 

OHSS  : Ovarian hyperstimulation syndrome  

OV  : Ovarian volume  

PCOM  : Polycystic ovarian morphology  

PCOS  : Polycystic ovarian syndrome  

SD  : Standard deviation  

SHBG  : Sex-hormone-binding globulin  

SPSS  : The statistical package for social sciences  

T2DM  : Diabetes mellitus type 2  

TNF-α  : Tumor necrosis factor alpha  

TT  : Total testosterone  

WHO :  World Health Organization 

 



 

- iii - 

List of Figures 

Fig. Title Page 

 Review of literature  

1 PCOS phenotype 10 

2 Relationship between COVID-19 and PCOS 26 

 Results  

1 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to age 

group. 

74 

2 Comparison between Letrozole Group and 

Clomiphene Citrate  

Group according to Primary Infertility. 

74 

3 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to duration 

of infertility. 

75 

4 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to BMI 

group. 

 75 

5 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Clinical 

Signs of PCOS 

77 

6 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to their 

hormonal profile regarding FSH, LH and 

FSH/LH ratio. 

79 

7 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Women 

who had follicles ≥18mm  and Women who had 

follicles<12mm in the first cycle. 

82 

8 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number 

of follicles ≥18mm and diameter of the 

dominant follicle in the first cycle. 

 

 

83 



 

- iv - 

Fig. Title Page 

9 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number 

of women who received hCG in the first cycle 

83 

10 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to their 

Endometrial thickness (mm) on the day of hCG 

administration in the first cycle.  

84 

11 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Mid-

luteal phase serum progesterone (ng/mL) in the 

first cycle. 

84 

12 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Estradiol 

serum level (pg/mL) in the first cycle.  

85 

13 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number 

of women became pregnant in the first cycle.  

85 

14 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number 

of women who had follicles  ≥18mm and 

women who had follicles <12mm in the second 

cycle 

88 

15 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number 

of follicles ≥18mm and diameter of the 

dominant follicle in the second cycle  

89 

16 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number 

of women who received hCG in the second 

cycle  

89 

17 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to 

Endometrial thickness (mm) on the day of hCG 

administration in the second cycle.  

90 



 

- v - 

Fig. Title Page 

18 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Mid-

luteal phase serum progesterone (ng/mL) in the 

second cycle.  

90 

19 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to their 

Estradiol serum level (pg/mL) in the second 

cycle.  

91 

20 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number 

of women became pregnant in the second cycle  

91 

21 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Women 

who had follicles  ≥18mm and women who had 

follicles <12mm in the third cycle  

94 

22 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number 

of follicles ≥18mm and diameter of the 

domminant follicle in the third cycle  

95 

23 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number 

of women who received hCG in the third cycle 

95 

24 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to 

Endometrial thickness (mm) on the day of hCG 

administration in the third cycle.   

96 

25 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Mid-

luteal phase serum progesterone (ng/mL) in the 

third cycle.   

96 

26 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Estradiol 

serum level (pg/mL) in the third cycle.   

97 

27 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number 

97 



 

- vi - 

Fig. Title Page 

of women who became pregnant in the third 

cycle.   

28 Comparison between Pregnant Group and Non-

pregnant Group in Letrozole group according to 

Number of follicles ≥18mm and diameter of the 

dominant follicle. 

100 

29 Comparison between Pregnant Group and Non-

pregnant Group in Letrozole group according to 

Endometrial thickness (mm) on the day of hCG 

administration. 

100 

30 Comparison between Pregnant Group and Non- 

pregnant Group in Letrozole group according to Mid-

luteal phase serum progesterone (ng/mL). 

101 

31 Comparison between Pregnant Group and Non-

pregnant Group in Letrozole according to Estradiol 

serum level (pg/mL).  

101 

32 Comparison between Pregnant Group and Non-

pregnant Group in Clomiphene citrate group according 

to Number of follicles ≥18mm and diameter of the 

dominant follicle. 

104 

33 Comparison between Pregnant Group and Non-

pregnant Group in Clomiphene citrate group according 

to Endometrial thickness (mm) on the day of hCG 

administration. 

104 

34 Comparison between Pregnant Group and Non- 

pregnant Group in Clomiphene citrate group according 

to Mid-luteal phase serum progesterone (ng/mL). 

105 

35 Comparison between Pregnant Group and Non-

pregnant Group in Clomiphene citrate group according 

to Estradiol serum level (pg/mL). 

105 

36 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to 

Ovulation Rate.  

107 

37 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to 

Ovulation/ Cycle.  

107 

38 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Number of 

109 



 

- vii - 

Fig. Title Page 

follicles ≥18mm and diameter of the dominant 

follicle.  

39 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Cycle day of 

hCG administration.  

110 

40 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to 

Endometrial thickness (mm) on the day of hCG 

administration.  

111 

41 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Mid-

luteal phase serum progesterone in ovulated 

women 

 

112 

42 Comparison between Letrozole Group and 

Clomiphene citrate Group according to Estradiol 

serum level (pg/mL). 

 

113 

43 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to 

Pregnancy Rate. 

114 

44 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to % of 

pregnancy/cycle. 

115 

 

 

 

 

 

 

 

 



 

- viii - 

List of Tables 

Table  Title Page 

1 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to their 

demographic data regarding age (years), type of 

infertility, duration of infertility (years) and BMI 

[Weight/Height
2
].  

72 

2 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to Clinical 

Signs of PCOS. 

76 

3 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to their 

hormonal profile regarding FSH, LH and FSH/LH 

ratio. 

78 

4 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to number of 

women had follicles  ≥18mm and <12mm, number of 

follicles ≥18mm, diameter of the dominant follicle, 

number of women received hCG, endometrial 

thickness (mm), mid-luteal phase serum progesterone 

level (ng/mL), estradiol serum level pg/ml) and number 

of pregnant women ( in the first cycle). 

80 

5 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to number of 

women had follicles  ≥18mm and <12mm, number of 

follicles ≥18mm, diameter of the dominant follicle, 

number of women received hCG, endometrial 

thickness (mm), mid-luteal phase serum progesterone 

level (ng/mL), estradiol serum level pg/ml) and 

number of pregnant women ( in the second cycle).     

86 

6 

 

Comparison between Letrozole Group and 

Clomiphene Citrate Group according to number of 

women had follicles  ≥18mm and <12mm, number of 

follicles ≥18mm, diameter of the dominant follicle, 

number of women received hCG, endometrial 

92 



 

- ix - 

Table  Title Page 

thickness (mm), mid-luteal phase serum progesterone 

level (ng/mL), estradiol serum level pg/ml) and 

number of pregnant women ( in the third cycle). 

7 Comparison between Pregnant and non-pregnant 

women in Letrozole Group according to their 

number of follicle(s) ≥18mm on the day of hCG 

administration, diameter of the dominant follicle, 

endometrial thickness (mm), estradiol serum level on 

the day of hCG administration (pg/ml) and mid-luteal 

phase serum progesterone level (ng/mL)   

98 

8 Comparison between Pregnant and non-pregnant 

women in Clomiphene Citrate Group according to 

their number of follicle(s) ≥18mm on the day of hCG 

administration, diameter of dominant follicle, 

endometrial thickness (mm), estradiol serum level in 

the day of hCG administration (pg/ml) and mid-luteal 

phase serum progesterone level (ng/mL)   

102 

9 Comparison between Letrozole Group and Clomiphene 

Citrate Group according to their Ovulation Rate and 

ovulation/ cycle. 

106 

10 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to their 

Number of follicles ≥18mm and diameter of 

dominant follicle on the day of hCG administration. 

108 

11 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to their 

endometrial thickness (mm) on the day of hCG 

administration 

110 

12 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to their mid-

luteal phase serum progesterone level  

111 

13 Comparison between Letrozole Group and 

Clomiphene Citrate Group according to their 

Estradiol serum level (pg/mL) on the day of hCG 

administration. 

112 


