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Abstract 
Objectives: In vitro fertilization (IVF)success depends on many factors whose independent roles have not been fully investigated. 

The aim of this study was to evaluate the role of associated factors in women undergoing IVF in Iran. 

Materials and Methods: In a prospective cohort study, 160 women who referred to infertility center of Moheb-Yas hospital for IVF 

between March 2015 and March 2016 were enrolled. A long ovarian stimulation protocol was administered using a gonadotropin- 

releasing hormone agonist (GnRH). Anti-Mullerian hormone (AMH), progesterone, estradiol, and endometrial thickness were 

measured. Two expert embryologists categorized blastocysts as good or poor. Pregnancy was judged by serum human chorionic 

gonadotropin measurement 14–15 days after embryo transfer. 

Results: Mean age of the cases was 32 years and mean body mass index (BMI) was 20 kg/m2. Clinical pregnancy rate was 20.6%. A 

significant relationship was found between IVF success and AMH, the number of FSH injections, endometrial thickness, grade of 

the embryos, and the number of embryos produced. Logistic regression analysis showed that only AMH > 0.6 was an independent 

predictor of IVF success (odds ratio [OR] = 6.22, CI [2.4-16.2]). Further analysis showed a significant relationship between AMH 

level and IVF success in women ≤35. 

Conclusions: The overall success rate of IVF/ET was 20.6%. AMH is a significant predictor of IVF success and may be an important 

factor in IVF success in young women. 

Keywords: Infertility, In vitro fertilization, Embryo research, Anti-Mullerian hormone, Iran 

 
 

Introduction 

Infertility which is defined as the inability to get pregnant 

after one year of unprotected sex is affecting near 20% 

of couples worldwide and 25% of couples in developing 

countries (1,2). Mental, physical, sexual, and social aspects 

of infertile couples’ lives are affected by infertility (3-5), 

addressing the necessity of proper intervention. 

Advances in assisted reproductive technology (ART) 

for infertile couples has made fast progress since 1976 and 

researchers have tried to find suitable treatment options 

for each infertile couple (6). Advances in ART improved 

the outcomes of in vitro fertilization/embryo transfer 

(IVF/ET) in recent years; however, the pregnancy rate has 

not exceeded 40% per treatment cycle yet (7). 

In  addition  to   some   demographic   factors   such 

as ethnicity, the cause of infertility, age, subfertility 

duration, parity (8-10), and lifestyle factors (11), oocytes 

retrieved (9), endometrial thickness (8), the number of 

embryos transferred (12) and quality of blastocysts (10) 

are considered as important factors in ART success. 

Furthermore, elevated basal follicle stimulating hormone 

(FSH), low number of antral follicles and premature 

luteinization may negatively affect ART outcomes (9,13). 

IVF practices were introduced to Iran in 1987. By now, 

several centers and clinics have been established and 

ART is performed widely in Iran (14). Although the role 

of several factors in IVF success has been investigated in 

western countries, few studies in Iran examined important 

factors in IVF success in Iranian women (4,15-17). In 

addition, no study evaluated the independent effects of 

the involving factors. We designed this study to evaluate 

the role of different factors in IVF success in infertility 

center of Moheb Yas hospital, Iran. 

 
Materials and Methods 

Study Design, Patient Selection, and Stimulation Protocol 

This prospective cohort study conducted in the infertility 

center of Moheb Yas hospital, affiliated to Tehran 

University of Medical Sciences, between March 2015 and 

March 2016. The convenient sampling method was used 

to include 160 infertile women in the study. The inclusion 

criteria were healthy candidates for IVF/ICSI, and FSH 

and LH less than 10 which is measured on the third day of 

the menstrual cycle. The exclusion criteria were a history 

of endometriosis, ovarian surgery or pelvic radiotherapy, 

anti-Mullerian  hormone  (AMH)  <0.05  measured  on 
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Total Pregnant (n=33) Not-pregnant (n=127) 

  Mean±SD Mean±SD Mean±SD  
Age (y)a

 18-49 33.0±6.1 33.5±6.4 32.8±6.1 0.572 

BMI (kg/m2)b
 16.2-38.1 25.1±3.6 25.6±4.1 24.9±3.4 0.265 

No. of oocyte retrievedb
 1-20 8.0±7.4 7.4±4.4 7.5±3.5 0.680 

No. of embryo producedb
 1-14 4.6±2.7 3.8±2.5 4.8±2.8 0.028* 

No. of embryo transferredb
 1-5 2.7±0.7 2.6±0.8 2.7±0.7 0.556 

No. of FSH ampuleb
 10-72 34.2±12.2 28.7±10.2 35.6±12.3 0.005** 

Endometrial thickness (mm)b
 6-33 8.7±2.3 9.1±0.9 8.6±2.5 <0.001*** 

 

 

the third day of the menstrual cycle, endocrinological 

disorders, and presence of congenital uterine anomalies. 

The sample consisted of 160 women who referred to 

Moheb Yas hospital. A long ovarian stimulation protocol 

using a GnRH agonist was applied. 0.5 mg buserelin 

acetate (Superfact, Sanofi, Canada) was administered 

from day 21 of the cycle. On the first day of menstruation, 

GnRH dose was reduced by half and FSH ampule, Gonal 

F (Serono), was added. All cases underwent trans-vaginal 

ultrasound examination until 17-18 mm follicles were 

observed, and then 10000 IU hCG (Pregnyl, Organon) 

was injected to stimulate the ovary. Then, the oocyte pick 

up was performed using a soft catheter under ultrasound 

guidance and spinal anesthesia. Sperm and oocytes were 

put together in the lab after oocyte retrieval. In women 

with a poor history of IVF, the sperm was injected into an 

oocyte. In the following morning, oocytes were checked 

for the evidence of fertilization. The embryos were 

cultured in the IVF lab for 3 days. 

Embryo transfer (1-5 embryos) was performed in 

women with transferable embryos three days after oocyte 

picking up using a Cook catheter. The number of embryos 

transferred to the uterus depends on the women’s age 

and the quality of embryos. No more than five embryos 

were transferred. If more than five good embryos were 

obtained, they were frozen for further use. 

After retrieving oocytes, 100 mg of progesterone per 

day were injected for three days, then the luteal phase 

was supported by Cyclogest suppository (Alpharma, 

Barnstaple, UK), 400 mg for 12 weeks. Pregnancy was 

assessed by measurement of serum hCG 14–15  days 

after ET and was then confirmed by ultrasound which 

visualized at least one gestational sac after two further 

weeks. 

 
Measurements 

AMH was measured on day 3 of the menstrual cycle 

in the endocrinology lab of the hospital. Progesterone 

and estradiol were  measured on the  morning of hCG 

administration. Endometrial thickness was measured on 

the day of oocyte retrieval by transvaginal ultrasound. 

Oocytes  were   retrieved  by   transvaginal  ultrasound- 

 

guided aspiration approximately 36 hours after hCG 

injection. After fertilization of the oocytes with sperms, 

two physicians categorized blastocysts as good, fair, or 

poor grade blastocysts, according to the simplified SART 

embryo scoring system (18). 

 
Statistical Analysis 

SPSS version 22.0 was used for data analysis. Normality 

of the numeric variables was assessed using Shapiro- 

Wilk test. Sample characteristics were determined by 

means and frequencies. Student t test, ANOVA, and 

Mann-Whitney U test were used for comparison of the 

continuous variables. Chi-square and Fisher exact tests 

were used for comparison of the categorical variables. 

Logistic regression analysis was applied for odds ratio 

(OR) calculation. A P value less than 0.05 was considered 

statistically  significant. 

 
Results 

One hundred and sixty women who were referred to 

Moheb Yas hospital were enrolled in this study. Table 1 

shows demographic characteristics of the pregnant and 

non-pregnant participants. The grade of 91.8% of embryos 

was good. Progesterone levels on the day of hCG injection 

in 76% of cases were lower than 1 ng/mL. Estradiol levels 

on the day of hCG injection were higher than 1000 pg/ 

mL in 77% of the cases. AMH ≤0.6 was observed in 50.6% 

of the cycles. Table 2 shows laboratory characteristics of 

the pregnant and non-pregnant participants. There was 

no relationship between IVF success and the levels of 

progesterone and estradiol, maternal age and body mass 

index (BMI), and the number of embryos transferred. 

Maternal age was correlated with the oocyte and embryo 

number (r = -0.16, P = 0.05). 

A significant relationship was found between IVF 

success and AMH levels, the number of FSH injections, 

endometrial thickness, embryos grading, and number of 

the embryos produced. Logistic regression analysis with 

pregnancy as the dependent variable showed that among 

AMH, endometrial thickness, number of FSH ampule, 

embryo grade, and the number of embryo produced, only 

AMH is an independent predictor of IVF success (OR = 

 
Table 1. Demographic and Clinical Characteristics 

 
Variable Range P 

 

 
 
 
 
 
 
 
 
 

a t test. 
b Mann-Whitney U; * P < 0.05, ** P < 0.01, *** P < 0.001. 
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Age 

IVF Success  
P 

 
AMH levels    Not pregnant (n=127)    Pregnant (n=33) 

>0.6 25 (56.8) 19 (43.2) 
≤35 <0.001* 

≤0.6 56 (94.9) 3 (5.1) 

>0.6 27 (77.1) 8 (22.9) 
>35 0.309 

≤0.6 19 (86.4) 3 (13.6) 

 

 
Table 2. Laboratory Characteristics 

 

 Pregnant (n=33) Not pregnant (n=127) P 

AMHa
   <0.001*** 

≤0.6 6 (16.7) 75 (64.3)  
>0.6 27 (34.2) 52 (65.8)  

Estradiol levels (pg/mL)a
   0.539 

<1000 10 (27) 27(73)  
1000-3000 18 (18.4) 80(81.6)  
>3000 5 (20) 20(80)  

Progesterone levels (ng/mL)a
   0.941 

<1 25 (20.5) 97 (79.5)  
>1 8 (21.1) 30 (78.9)  

Grade of embryob
   0.007** 

Good (A) 16 (34) 31(66)  
   Fair (B) or Poor (C) 17 (15) 96(85)   

Abbreviation: AMH, anti-Mullerian hormone. 
a Chi-square test; b Fisher exact test; *** P < 0.001. 

 

 
 

Table 3. Logistic Regression Analysis of Factors Affecting Clinical 

Pregnancy Rate 

Table 4. Distribution of IVF Success by AMH Levels and Maternal Age 

 

OR CI P 

Serum AMH 6.22 2.4-16.2 <0.001*** 

   No. of embryo produced 0.462 0.2-1.2 0.097   

Abbreviation: AMH, anti-Mullerian hormone; OR, odds ratio. 
a AMH ≤0.6 vs. >0.6; *** P < 0.001. 

 
 

* P < 0.05. 

 
6.25, P < 0.001, CI [2.4-16.3]) (Table 3). As expected, the 

number of FSH ampule was higher in women with AMH 

≤0.6 compared to those with AMH were >0.6 (P = 0.002). 

In addition, endometrial thickness was higher in women 

with AMH >0.6 compared to those with AMH ≤0.6 were 

(P = 0.001). Although we found no relationship between 

women’s age and IVF success, further analysis showed 

a significant relationship between AMH level and IVF 

success in women ≤35. (Table 4). 

 
Discussion 

We evaluated the role of different factors in the success 

of IVF/ET in infertility center of Moheb Yas hospital, 

Tehran, Iran. The results of our study indicate that AMH 

is a predictor of IVF success. Further analysis showed a 

significant relationship between AMH level and IVF 

success in women ≤35, indicating that IVF success was 

significantly higher in younger women with higher level 

of AMH than those with a low level of AMH. The overall 

success rate of IVF/ET in this study was 20.6%. 

AMH is commonly used as a biomarker for evaluating 

the ovarian reserve. AMH serum level expresses the 

number of growing follicles and predicts ovarian response 

to stimulation (19). In a study by Cohen et al, it was shown 

that women with a low level of the ovarian reserve had 

low live birth rates after the first IVF (20). In previous 

studies, clinical pregnancy rate (15), live birth rates (21), 

the number of retrieved oocytes, and IVF fertilization 

rate (22) were influenced by AMH. In a study by Silva 

et al, AMH levels ≤0.70 accounted for 92% of the IVF 

failures (23). 

Although we found a relationship between AMH and 

IVF success, we did not find any relationship between 

women’s age and IVF success. Our result is congruent 

with the result of a study conducted by Verma in which 

no significant relationship was observed between AMH 

levels with maternal age (24). In contrast, the results of 

2 studies showed that AMH was inversely  correlated 

with women’s age which means that women’s higher age 

reduced ovarian reserve (21,25). In a recent study, AMH 

could predict  ovarian reserve  in different  age  groups; 

however, female age was found to be a better predictor of 

IVF outcome than AMH (17). 

We found a significant relationship between AMH 

level and IVF success in women ≤35 while Goswami and 

Nikolaou reported that older women with higher AMH 

level had higher live birth rate than those with low AMH 

level (26). 

We also did not find any relationship between BMI 

and IVF success which is in harmony with the results of a 

study conducted by MacKenna et al in Latin America. In 

the study by MacKenna which was conducted on a sample 

of women with a high prevalence of obesity, BMI did not 

influence the outcome of ART (27). 

In our study, 29% of embryos had good quality and we 

found a relationship between the quality of blastocyst and 

IVF success. In a study on 350 intracytoplasmic sperm 

injection (ICSI) cycles, transferring one grade 1 or grade 

2 blastocyst significantly increased implantation and 

pregnancy rates (28). The results of another study on 107 
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patients undergoing IVF/ET showed that transferring two 

top-grade blastocysts increased implantation, pregnancy, 

and twinning rates to 70%, 87%, and 61%, respectively. 

In  contrast,  by  transferring  low-grade   blastocysts, 

the  aforementioned  rates  were  28%,  44%,  and  29%, 

respectively (29). 

We found  no  relationship  between  progesterone 

level and clinical or chemical pregnancies in women 

undergoing IVF. Our result was in agreement with the 

results of the previous study showing no significant 

relationship between the level of progesterone in the late 

follicular phase and the pregnancy rate (30). However, it 

is suggested that elevated progesterone level will adversely 

affect the endometrial environment and decrease the 

pregnancy rate (31). In a study, Labarta et al showed that 

the elevation of progesterone levels on the day of hCG 

injection may intervene in normal endometrial function 

through changes in the endometrial gene expression 

profile (32). The results of a systematic review conducted 

by Venetis et al on more than 4000 cycles showed that 

progesterone level on the day of hCG administration is 

associated with lower pregnancy rate (33). 

We found no relationship between estradiol level on 

the day of hCG injection and IVF success. The results of a 

study by Foroozanfard et al indicates a positive correlation 

between estradiol level and IVF pregnancy rate (16). In 

contrast, Kondapalli et al showed that a decrease of <10% 

in estradiol levels after hCG injection reduced pregnancy 

rate (34). Our result was in line with previous studies 

which found that the increased estradiol level on the day 

of hCG injection did not improve IVF pregnancy outcome 

(35,36). 

In our study, endometrial thickness on the day of oocyte 

retrieval was higher in pregnant women compared to 

non-pregnant women. Our results were in harmony with 

the findings of the previous studies which found a positive 

correlation between endometrial thickness and pregnancy 

rate (37,38). Further research is needed to determine an 

appropriate cut-off point of endometrial thickness for 

good IVF outcome. 

We found that women who became pregnant had 

produced a  higher number  of  embryos in  IVF  cycles 

than non-pregnant did. A study conducted by Kovacs et 

al also showed more follicles, oocytes and therefore more 

embryos among pregnant women compared to non- 

pregnant women in IVF cycles (37). 

In this study, the success rate of IVF was 20.6% which is 

lower compared to live birth rates of 27.1% (39), 36% (22), 

and 28.2% reported in previous studies (38). Considering 

the fact that IVF success is usually higher than the live 

birth rate, measures should be performed to improve the 

success rate of IVF in this center. 

In this study, we only assessed the pregnancy rate after 

IVF. Since the pregnancy rate may not be the same as the 

live birth rate, further follow-up studies are needed to 

 

evaluate the ability of AMH to predict live birth. We also 

did not follow pregnancies to categorize them as normal or 

pathological. We recommend that in future studies long- 

term follow-up of IVF cycles be performed to determine 

the factors predicting pregnancy complications. 

 
Conclusions 

The overall success rate of IVF/ET was 20.6%. AMH was 

an independent predictor of IVF success after adjustment 

for the number of embryos produced. Due to the small 

sample size in studies in Iran, we recommend that a 

meta-analysis on the factors involving in IVF success be 

conducted. 

 
Limitations 

A limitation of the study is its small sample size. We 

suggest that further studies with a larger sample size from 

multiple centers be conducted. 
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