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Abstract 

Background: There has been an increase in number of obese infertile females 

booked for advanced infertility treatment procedures like in vitro fertilization (IVF) 

and intra cytoplasmic sperm injection (ICSI). The knowledge of impact of body 

mass index (BMI) on reproductive outcome can help to counsel these patients. 

Objective: To compare reproductive outcome in females of different BMI after 

ICSI. 

Materials and Methods: Cross-sectional study of 323 females was conducted from 

June 2010 till August 2011. Females were grouped on the basis of BMI; 

underweight, (BMI <18 kg/m
2
), normal weight, (BMI 18-22.9 kg/m

2
) overweight 

(BMI 23-25.9 kg/m
2
) and obese (BMI ≥26 kg/m

2
). The procedure involved down 

regulation of ovaries, controlled ovarian stimulation, ovulation induction by hCG, 

oocyte pickup, in vitro fertilization and embryo transfer of blastocysts. The oocyte 

yield and embryological data of all BMI groups was compared by ANOVA (analysis 

of variance). Pregnancy outcome of these was categorized as; no conception βhCG 

<5 m IU/ml, preclinical abortion with βhCG >5 m IU/ml, no cardiac activity on trans 

vaginal scan (TVS) and clinical pregnancy with βhCG >5mIU/ml and cardiac 

activity on trans vaginal scan. 

Results: Females with BMI 23-25.99 kg/m
2
 had maximum oocyte retrieval, 

fertilization, implantation and clinical pregnancy rates in comparison to obese 

females with BMI ≥26 kg/m
2
. 

Conclusion: A BMI cut off value of above 26 kg/m
2
 in our study population is 

associated with a negative impact on pregnancy outcome. 

 
Key words: Intracytoplasmic sperm injection, Body mass index, Controlled ovarian 

stimulation, Gonadotrophin -releasing hormone agonists, Embryo transfer. 

 
Introduction 

 

besity is a rapidly growing worldwide 

phenomenon; with an incidence of 

12% in women of child bearing age in 

Western Europe and 25% in North America 

(1-4). The pattern of obesity is currently 

emerging as an epidemic. In addition to 

diabetes, hypertension and cardiovascular 

diseases, obesity leads to disturbances in 

wide spectrum of reproductive dysfunctions 

ranging from an-ovulatory cycles, delay in 

conception, high rates of miscarriages, 

gestational diabetes, preeclampsia, and high 

neonatal morbidity and mortality rates (5, 6).  

Fertility is the ability to give birth to babies 

whereas fecundity expresses the monthly 

probability of reproduction in a woman (7). 

The chance of spontaneous conception 

decreases in sub fertile, normal ovulatory 

women by 5% for each unit increase in body 

mass index (BMI) (8). Infertility is attributed to 

overweight and obese women as a result of 

reproductive impairments occurring at many 

levels of the hypothalamic-ovarian-uterine 

axis, interruption to which results in ovulatory 

dysfunction (oligo-/an ovulation) as well as 

menstrual disturbances (9, 10).  

These impairments lead to delay in natural 

conception, increased referral to assisted 

reproductive clinics and fewer conception 

results, after reproductive treatment protocols 

(11-15). The use of assisted fertility 

techniques and treatment procedures has also 

been linked to the rising rates of obesity which 

in turn is expected to be a potential cause for 

an increase in sub fertility (15). The 
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reproductive treatment protocols for couples in 

whom pregnancy fails to occur by ovulation 

induction and intrauterine insemination are; in 

vitro fertilization (IVF) or intra cytoplasm 

sperm injection (ICSI), which aids in the 

introduction of a single sperm in the ooplasm. 

The impact of obesity on duration of 

stimulation, number of oocytes, oocyte 

maturity, implantation and clinical pregnancy 

rates can be assessed by change in BMI 

defined as weight in kilograms divided by 

height in meters squared (kg/m2) (16, 17). 

Shah et al suggested that obesity may 

affect results of treatment procedures both at 

the level of the ovary as well as after embryo 

transfer in terms of impaired endometrial lining 

(18). High BMI has been shown to be 

associated with lower success rates following 

assisted reproduction, including the need for 

prolonged ovarian stimulation and high doses 

of gonadotrophins (19, 20). With the 

increasing prevalence of obesity in 

reproductive age group, more women look 

forward for infertility treatment and 

contradictory reports on reproductive 

outcome. Hence it is imperative to assess the 

impact of obesity on IVF/ICSI outcomes to 

better counsel these women. Keeping this in 

view, the objective of this study was to assess 

the effect of BMI on reproductive outcome of 

ICSI procedures and to determine the BMI cut 

off values in Pakistani population for favorable 

pregnancy outcomes.  

 

Materials and methods 

 

The research was conducted in Islamabad 

Clinic serving infertile couples at Saudi Pak 

Tower from June 2010 till August 2011. In this 

study, we recruited total of 323 couples. 

Females between the age of 18-41 yr, 

duration of infertility >2 years, having normal 

ovulatory cycles (25-35 days), a basal follicle 

stimulating hormone (FSH) serum level <10 m 

IU/mL, and with no known ovarian 

morphological abnormalities, were included in 

this study. The long protocol of gonadotrophin 

releasing hormone (GnRH) agonist down 

regulation, stimulation with injection of 

recombinant follicle stimulating hormone 

(rFSH; Puregon) and progesterone support 

with 400 mg cyclogest pessaries daily were 

administered. 

Females with age greater than 41 years, a 

basal FSH serum level >10 m IU/ml, presence 

of poly cystic ovaries based on the presence 

of two of the following three criteria: oligo or 

an ovulatory cycles, ultrasound visualization of 

polycysts and clinical or biochemical evidence 

of hyperandrogenism, GnRh antagonist 

therapy, short down regulation with GnRH 

agonist, ICSI with sperm retrieval by testicular 

biopsy and frozen embryo transfers were 

excluded from this study (21).  

 

Ethical statement 

All research protocol was approved by the 

Board of Advanced Studies and Research 

(BASR), University of Karachi No.0435/SC 

and Islamabad Clinic serving infertile couples 

at Saudi Pak Tower No.11/R- ICSI. A written 

informed consent was obtained from all 

participants. 

 

Measurement of blood pressure 

A single blood pressure measurement, by 

the recommended procedure mainly on the 

left arm, with appropriate cuff of a standard 

mercury sphygmomanometer was taken and 

record was maintained. The staff was 

instructed to follow strict regulations with all 

precautions; respondent should remain 

attached, and hold the monitoring device on 

the upper arm at level of heart against his/her 

chest 

 

Anthropometric measurements 

Subjects were weighed on a digital 

weighing scale in kilogram with an accuracy of 

±100 gr in their normal clothing without shoes. 

Standing body height (BH) was measured 

without shoes to the nearest 0.5 cm with the 
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help of height scale (floor type ZT-120 

EVERICH, China) with the shoulders in 

relaxed position and arms hanging freely. BMI 

was calculated as body weight in kilograms 

(kg) divided by the square of the body height 

in meters (m2) (22). Study subjects were 

grouped as per the WHO BMI classification for 

south Asian population as Group I: BMI 

<18(underweight), Group II BMI 18-22.9 

(normal weight), Group III BMI 23-25.9 

(overweight) and Group IV BMI ≥26 (obese) 

(23). 

 

Investigation protocol 

The study subjects were administered daily 

sub cutaneous (S/C) injection gonadotrophin 

releasing hormone agonist (Deca Peptyl 3.75 

mg, Ferring) from day 21 of previous cycle 

followed by controlled ovarian stimulation 

(COS) by gonadotropin (Inj Puregon®, N.V. 

Organon, Oss, The Netherlands) sub 

cutaneous from 2nd-3rd day of cycle till the 

administration of human chorionic 

gonadotropin (hCG). Maturity of follicle (20 

mm) was assessed by series of transvaginal 

scan (TVS) started from 5th day of COS 

followed by ovulation induction (OI) with intra 

muscular injection of hCG 10,000 I.U 

(Profasi®, Serono, Switzerland). 

In oocytes pick up (OPU) eggs were 

retrieved 36 hours after OI by vaginal 

ultrasound probe with 16G adapter and 

double lumen oocyte aspiration needle on 

14th, 15th or 16th day of COS. All collected 

eggs were treated and then transferred to the 

incubator for about 1-2 hours prior to 

insemination by ICSI procedures. Semen 

analysis performed by strict Kruger’s criteria 

and film was prepared by Silselect gradient. 

ICSI by micro injections of spermatozoa was 

performed at right angles to the position of 

polar body under the microscope. Fertilized 

embryos (presence of two pronuclei; 2PN) 

were assessed for cleavage and 

differentiation into distinct cell types with 

formation of fluid filled cavity (blastocysts). 

Embryo transfer (ET) of blastocysts was done 

five days after OI by Sims-Wallace Embryo 

Replacement Catheter under ultrasound 

guidance. Luteal support was maintained by 

progesterone vaginal pessaries (Cyclogest 

400 mg) twice a day from the day of OPU 

(24).  

Single serum βhCG measurement was 

performed on specimens obtained by 

peripheral venipuncture 14 days after egg 

collection as the outcome marker. TVS was 

performed at 5 weeks gestation (22 to 32 days 

after fertilization) to identify clinical pregnancy 

from preclinical abortion (25). On the basis of 

βhCG and TVS, results were analyzed as 

non-pregnant (βhCG <5m IU/ml), preclinical 

abortions or biochemical pregnancy (βhCG 

>5m IU ml without any cardiac activity) and 

clinical pregnancy with βhCG >5m IU/ml with 

any cardiac activity (26). 

 

Statistical analysis 

Statistical comparison of all BMI groups 

was performed by using one way analysis of 

variance (ANOVA) via SPSS (version 15; 

SPSS Inc., Chicago, IL, USA). Clinical 

characteristics were summarized in terms of 

frequencies and percentages for qualitative 

variables (age group), mean±SD for 

continuous/quantitative variables. In all 

statistical analysis only p<0.05 was to be 

considered significant. Percentages of not 

pregnant, preclinical abortion and clinical 

pregnancy cases were tabulated for all BMI 

groups and compared by pair analysis 

Fertilization rate was defined as the proportion 

of oocytes resulting in two pronuclei formation 

(26). Mean implantation rate was the 

proportion of embryos transferred resulting in 

an intrauterine gestational sac. A clinical 

pregnancy defined by the presence of one or 

more gestation sacs by ultrasound (27). 

Pearson and or spearman correlation were 

applied to compare cleavage, fertilization and 

implantation rates of all groups of BMI where 

applicable.  
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Results 

 

The detailed results are shown in Tables I-

IV. Briefly, out of 323 participants, 41 results 

are not included; 14 females (34%) failed to 

respond while in 27 (66%) patients embryos 

were transferred before blastocysts 

maturation. Results of 282 showed that 

21(7%) females were underweight with BMI 

<18 kg/m2, 78 (28%) were normal weight with 

BMI 18-22.9 kg/m2, 56 (20%) were overweight 

with BMI 23-25.99 kg/m2 and 127 (45%) were 

obese with BMI ≥26 kg/m2. Non-significant 

changes were observed in terms of infertility 

duration, where the maximum duration of five 

years was reported in obese females (54%) 

as compared to the other groups.  

The total number of successful clinical 

pregnancies in BMI <18 kg/m2 was 10 (48%), 

BMI 18-22.9 kg/m2 was 29 (37%), BMI 23-

25.99 kg/m2 was 26 (46%) and BMI ≥26 kg/m2 

was 36 (28%) however these results were not 

significantly different (Table I). Significant 

difference were seen in non-pregnant females 

68 (53%) with BMI ≥26 kg/m2 as compared to 

15 (27%) with BMI 23-25.99 kg/m2 (p=0.03), 

while non-significant results were seen in BMI 

range <18 and 18-22.9 kg/m2 (Table I). 

Clinical pregnancy was significantly high in 

BMI 23-25.99 kg/m2 group as compared to 

obese BMI ≥26 kg/m2 (p=0.017). The baseline 

characteristics of study subjects are shown in 

Table II.  

Comparison of oocyte yield, duration of 

treatment, drug used and details of 

embryological data (Table III) does not show 

any significant results except duration of 

stimulation that was found to be significantly 

higher with increasing BMI (p=0.027). 

Duration of stimulation was maximum, OPU 

on day 15 (60; 47%) in BMI ≥26 kg/m2. Oocyte 

recovery, fertilization and cleavage rate was 

positively correlated with BMI 23-25.99 kg/m2, 

whereas implantation rate and oocyte retrieval 

rate had an inverse correlation with BMI <18 

kg/m2 (Table IV). 
 

 

 

 

 

Table I. Comparison of reproductive outcome of ICSI in female groups with varying weight status 
 %ages p (pair comparison) 

Reproductive 

Outcome 

Under 

weight 

(<18) 

Normal 

weight 

(18-22.9) 

Over 

weight 

(23-25.99) 

Obese 

(>26) 

Under weight 

(<18) 

Normal weight 

(18-22.9) 

Over weight 

(23-25.99) 

Normal 

(18-22.9) 

Over 

(23-25.99) 

Obese 

(>26) 

Over 

(23-25.99) 

Obese 

(>26) 

Obese 

(>26) 

Not pregnant 
 7 (33%) 30(38%) 15 (27%) 68 (54%) 0.666 0.571 0.086 0.158 0.036 0.001 

Preclinical abortion 
 4 (19%) 19(24%) 15 (27%) 23 (18%) 0.609 0.483 0.918 0.750 0.282 0.182 

Clinical pregnancies 
 10(48%) 29(37%) 26 (46%) 36 (28%) 0.385 0.926 0.077 0.283 0.187 0.017 

 

 

 

 

 

Table II. Base-line clinical and physiological characteristics according to body mass index 

Variables 
Underweight 

BMI <18 

Normal 

BMI 18-22.9 

Overweight 

BMI 23-25.99 

Obese 

BMI ≥26 
p-value 

Number 
 21 78 56 127 

 Female age (years) 
 33.095 ± 1.11 32.167 ± 0.52 32.161 ± 0.666 31.89 ± 0.4 0.74 

Age at marriage (years) 
 25.81 ± 1.453 24.949 ± 0.508 24.214 ± 0.57 25.248 ± 0.372 0.42 
Age of menarche (years) 
 13.857 ± 0.261 14.038 ± 0.141 13.964 ± 0.157 14.134 ± 0.1 0.67 

Duration of infertility 
 7.286 ± 0.799 7.218 ± 0.418 7.946 ± 0.634 6.642 ± 0.315 0.20 
Systolic blood pressure (mm Hg) 
 122.048 ± 0.965 121.205 ± 0.492 121 ± 0.727 119.819 ± 0.464 0.09 

Diastolic blood pressure(mm Hg) 
 73.857 ± 0.591 75.333 ± 0.403 75.089 ± 0.538 76.701 ± 0.367 0.001* 

Values are represented as Mean±SD. 

Differences among groups were assessed by using analysis of variance. Significance level at <0.05. 
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Table III. Response to ovarian stimulation and embryological data according to body mass index (BMI) 

Variable 
Underweight  

BMI <18 

Normal 

BMI 18-22.9 

Overweight 

BMI 23-25.99 

Obese 

BMI ≥26 
p-value 

Number 
 21 78 56 127  

Total number of puregons 
 

54.821± 0.704 57.323 ± 0.914 55.905 ± 1 58.102± 0.966 0.28 

No of puregons in one day 
 

3.964 ± 0.087 4.05 ± 0.078 3.936 ± 0.074 4.014 ± 0.066 0.79 

Follicle at ultrasound 
 

20.667 ± 1.522 18.859 ± 1.05 21.679 ± 1.165 19.339 ±  0.76 0.25 

Endo. lining 
 

9.524 ± 0.94 8.167 ± 0.393 8.732 ± 0.44 8.646 ± 0.29 0.40 

No of  oocytes/patient 
 

20.286± 1.543 18.449 ± 1.048 21.25 ± 1.147 18.921± 0.767 0.25 

Oocyte retrieval rate (%) 
 

98 97 98 97 0.72 

No of Metaphase II oocytes 
 

16.81 ± 1.656 14.833 ± 1.038 17.393 ± 1.169 14.961 ± 0.701 0.22 

No of  2PN oocytes  
 

16 ± 1.551 14.346 ± 1.005 17.036 ± 1.155 14.504 ± 0.7 0.20 

Fertilization rate (%) 
 

77 76 79 76 0.81 

No of cleaved embryos 
 

10.762 ± 1.327 10.167 ± 0.857 12.339 ± 0.941 10 ± 0.604 0.20 

Cleavage rate (%) 
 

51 52 57 52 0.58 

No of transferred blastocysts  
 

1.571 ± 0.111 1.654 ± 0.065 1.696 ± 0.076 1.591 ± 0.054 0.65 

Number of gestational sacs 
 

0.619 ± 0.161 0.447 ± 0.08 0.636 ± 0.111 0.37 ± 0.058 0.09 

Implantation rate (%) 
 

43 26 34 23 0.14 

Values are represented as Mean±SD. 

Differences among groups were assessed by using analysis of variance. Significance level at <0.05. 

 

 

 

 

Table IV. Correlation of BMI with rates of reproductive outcome 

 

Underweight (BMI<18) Normal (BMI 18-22.9) Overweight (BMI 23-25.99) Obese (BMI ≥26) 

r p-value r p-value r p-value r p-value 

Fertilization  rate 
 0.121 0.601 0.090 0.431 0.259 0.054 -0.013 0.88 

Implantation rate 
 -0.394 0.077 -0.122 0.286 0.072 0.599 -0.147 0.09 

Oocyte retrieval rate 
 -0.155 0.502 -0.122 0.286 -0.034 0.806 -0.050 0.57 

Cleavage rate 
 -0.127 0.583 -0.109 0.344 0.266 0.048 0.006 0.94 

Oocyte maturity rate 
 -0.081 0.727 0.122 0.289 0.220 0.104 0.094 0.29 

Correlation applied by Pearson correlation coefficient. 

 
Discussion 

 

Obese females are prone to have lower 

clinical pregnancy rates, and lower live birth 

rates as compared with women of normal 

BMI. This may be due to lack of up regulation 

of gonadotrophin receptors and steroid 

genesis in the ovary (18, 27). Gonadotrophin 

requirements are found to be higher in obese 

women (BMI>30 kg/m2) as compared to non-

obese women with high risk of cycle 

cancellation due to poor ovarian response 

(28). This can be explained on the basis of 

reduction in delivery of hCG to the follicles 

required for ultimate oocyte maturation in 

obese women (29). 

In our study, daily dose and total number of 

ampoules used for possible follicular 

maturation were more in obese females (BMI 

≥26 kg/m2) though results were not significant. 

The results are supported by Esinler et al who 

found obesity as an independent risk factor for 

impaired oocyte maturation which calls for 

higher total doses of gonadotrophin 

stimulation in obese women (30). Highest 

number of oocyte, metaphase II oocytes and 

oocyte recovery rate retrieval was observed in 

female group with BMI 23-25.99 kg/m2 in our 

study. Wittemer et al found a positive 

correlation of BMI with number of stimulated 

follicles and significant negative correlation 

with ampoules of gonadotropins used and 

days of stimulation (31).  

Other studies documented fewer oocytes in 

obese women with BMI >25 kg/m2 in 

comparison with those with BMI <25 kg/m2 

and fewer oocyte-cumulus complexes and 

retrieved metaphase II oocytes in women with 
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BMI ≥30 kg/m2 (29, 30). In our study 

fertilization rate, cleavage rate and 

implantation rate of embryos was observed 

the most in BMI group 23-25.99 kg/m2 which 

is supported by low fertilization rates in 

women with (25<BMI<30 kg/m2) by another 

study (32). Implantation of fertilized ovum after 

ET is attributed to a dialogue between 

invading fertilized ovum and receptive 

endometrium.  

Some authors have identified a reduction in 

implantation rates among the obese women 

whereas others have not demonstrated a 

weight related reduction (20, 33-36). Women 

of BMI >25 kg/m2 were found to have  a lower 

chance of implantation as compared to those 

with BMI 20-25 kg/m2 (37). As far as quality of 

embryo is concerned, some authors have 

reported a reduction in the overall quality of 

the embryos derived in an IVF cycle among 

higher BMI groups (16, 20, 30, 36). While 

another retrospective study concluded that the 

embryo quality was not impaired in overweight 

and obese women (35).  

In the feto maternal cross talk synchrony of 

blastocysts invasion with receptive 

endometrium is responsible for successful 

outcomes in ICSI. Since we selected 

blastocysts in our study to utilize embryos of 

superior developmental and highest 

implantation potential, the difference in 

implantation rates is largely attributed to 

difference in endometrial receptivity (38). Our 

data revealed an inverse correlation between 

oocyte yield and BMI while the effects of BMI 

on endometrial lining were not significant. The 

work done by Sathya et al and Dokras et al 

documented that BMI does not influence 

endometrial thickness, oocyte number, quality, 

implantation and pregnancy rates (10, 39).  

Few researchers suggested that with an 

increase in BMI (BMI ≥25 kg/m2), amount of 

gonadotrophin and days of stimulation 

increase, while number of follicles decrease 

with decrease in pregnancy rates (37). In our 

study, clinical pregnancy rates were 

significantly lower in obese groups as 

compared with the rest of BMI groups. It has 

been a long argument to defer fertility 

treatment to overweight and obese women 

keeping in mind the cost, poor chances of 

success, higher risks of pregnancy loss and 

perinatal complications (40).  

Yet, the literature on the costs of fertility 

treatment, antenatal and peri partum care in 

obese women is not adequate. It has been 

established by our study, that obesity exerts 

its effect on reproductive outcome by 

influencing probability of conception, duration 

of stimulation, number of mature oocytes, 

cleavage, and fertilization and implantation 

rates. The cut off value of BMI for obesity 

(>30) according to WHO is different from 

(>26) in Asian population (41). The results of 

our study have documented positive outcome 

out of ARC treatment plans especially ICSI in 

women with BMI around 23-25.9 kg/m2 and 

lay emphasis on infertile women to maintain 

their body weight.  

 

Conclusion 

 

The results of our study concluded that 

overweight females with BMI 23-25.9 kg/m2, 

had maximum number of retrieved and 

fertilized oocytes which helped in blastocysts 

implantation and gestational sacs appearance 

on TVS. The oocyte recovery, cleavage, 

fertilization, implantation and clinical 

pregnancy rates were also higher in this 

group. It is thus imperative that in assisted 

reproductive clinics, women with BMI greater 

than 26 kg/m2 should be counseled and 

encouraged to reduce weight before 

treatment.  

This can only be made possible by 

counseling with evidence that extremes of 

BMI may negatively affect chances of 

successful conception after IVF treatment and 

pregnancy-related complications (18). The 

first line of approach should be an emphasis 

through lifestyle modification with careful 
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counseling on selection of restricted calorie 

diet and involvement in program of exercise 

with sufficient aerobic activity. The outcome 

will be a sense of satisfaction as well as 

achievement for those who really care for the 

agonizing pains of infertile couples. 

 

Conflict of interest 

 

There is no conflict of interest in this 

research. 

 
References 

 
1. Butler D. The fertility riddle. Nature 2004; 432: 38-39. 
2. Linne Y. Effects of obesity on women’s reproduction 

and complications during pregnancy. Obes Rev 
2004; 5: 137-143. 

3. Haslam DW, James WP. Obesity. Lancet 2005; 366: 
1197-1209. 

4. Watson R. EU aims to tackle growing problem of 
obesity. BMJ 2005; 331: 1426. 

5. Pandey S, Maheswari A, Bhattacharya S. Should 
access to fertility treatment be determined by female 
body mass index. Hum Reprod 2010; 25: 815-820. 

6. Koning AM, Mutsaerts MA, Kuchenbecker WK, 
Broekmans FJ, Land JA, Mol BW, et al. 
Complications and outcome of assisted reproduction 
technologies in overweight and obese women. Hum 
Reprod 2012; 27: 457-467. 

7. Wood JW. Fecundity and natural fertility in humans. 
Oxf Rev Reprod Biol 1989; 11: 61-109. 

8. Van der Steeg JW, Steures P, Eijkemans MJ, 
Habbema JD, Hompes PG, Burggraaff JM, et al. 
Obesity affects spontaneous pregnancy chances in 
sub fertile, ovulatory women. Hum Reprod 2008; 23: 

324-328. 
9. Brewer CJ, Balen AH. The adverse effects of obesity 

on conception and implantation focus on obesity. 
Reproduction 2010; 140: 347-364. 

10. Sathya A, Balasubramanyam S, Gupta S, Verma T. 
Effect of body mass index on in vitro fertilization 
outcomes in women. J Hum Reprod Sci 2010; 3: 
135-138.  

11. Law DC, Maclehose RF, Longnecker MP. Obesity 
and time to pregnancy. Hum Reprod 2007; 22: 414-
420. 

12. Nohr EA, Vaeth M, Rasmussen S, Ramlau-Hansen 
CH, Olsen J. Waiting time to pregnancy according to 
maternal birth weight and pre pregnancy BMI. Hum 
Reprod 2009; 24: 226-232. 

13. Wise LA, Rothman KJ, Mikkelsen EM, Sørensen HT, 
Riis A, Hatch EE. An internet-based prospective 
study of body size and time-to-pregnancy. Hum 
Reprod 2010; 25: 253-264. 

14. Jensen TK, Scheike T, Keiding N, Schaumburg I, 
Grandjean P. Fecundability in relation to body mass 
and menstrual cycle patterns. Epidemiology 1999; 
10: 422-428. 

15. Bolu´mar F, Olsen J, Rebagliato M, Saez-Lloret I, 
Bisanti L. Body mass index and delayed conception: 

A European Multicenter Study on Infertility and Sub 
fecundity. Am J Epidemiol 2000; 151: 1072-1079. 

16. Spandorfer SD, Kump L, Goldschlag D, Brodkin T, 
Davis OK, Rosenwaks Z. Obesity and in vitro 
fertilization: negative influences on outcome. J 
Reprod Med 2004; 49: 973-977. 

17. Frankel HM, Staeheli JC. Calculating body mass 
index. Ann Intern Med 1992; 117: 698-699. 

18. Shah DK, Missmer SA, Berry KF, Racowsky C, 
Ginsburg ES. Effect of obesity on oocyte and embryo 
quality in women undergoing in vitro fertilization. 
Obstet Gynecol 2011; 118: 63-70. 

19.  Fedorcsa K, Storeng R, Dale PO, Tanbo T, Abyholm 
T. Obesity is a risk factor for early pregnancy loss 
after IVF or ICSI. Acta Obstet Gynecol Scand 2000; 
79: 43-48. 

20. Fedorcsak P, Dale PO, Storeng R, Ertzeid G, Bjercke 
S, Oldereid N, et al. Impact of overweight and 
underweight on assisted reproduction treatment. 
Hum Reprod 2004; 19: 2523-2528. 

21. Revised 2003 consensus on diagnostic criteria and 
long-term health risks related to polycystic ovary 
syndrome (PCOS). Hum Reprod 2004; 19: 41-47. 

22. Garrow JS, Webster J. Quetelet's index (W/H2) as a 
measure of fatness. Int J Obes 1985; 9: 147-153. 

23. Snehalatha C, ViswanathaN V, Ramachandran A. 
Cutoff values for normal anthropometric variables in 
Asian Indian adults. Diabetes Care 2003; 26: 1380-

1384. 
24. Aflatoonian A, Asgharnia M, Seyed Alshohadaei F. 

Comparison of progesterone administration before 
and after embryo transfer in ART cycles. J Reprod 
Infertil 2004; 5: 44-51. 

25. Deaton JL, Honore GM, Huffman CS, Bauguess P. 
Early transvaginal ultrasound following an accurately 
dated pregnancy: the importance of finding a yolk 
sac or fetal heart motion. Hum Reprod 1997; 12: 
2820-2823. 

26. Gruber I, Just A, Briner M, Losch A. Serum 
estradiol/progesterone ratio on day of embryo 
transfer may predict reproductive outcome following 
controlled ovarian hyper stimulation and in vitro 
fertilization. J Exp Clin Assist Reprod 2007; 4: 1050-
1054. 

27. Aktan E, Bozkurt K, Ozer D, Yucebilgin S, 
Karadadas N, Bilgin O. The effect of mid luteal 
estradiol level on the outcome of of ICSI-ETcycles. 
Arch Gynecol Obstet 2004; 269: 134-138. 

28. Maheshwari A, Stofberg L, Bhattacharya. Effect of 
overweight and obesity on assisted reproductive 
technology- a systematic review. Hum Reprod 
Update 2007; 13: 433-444. 

29. Zaadstra BM, Seidell JC, Van Nord PA, Te Velde 
ER, Habbema JD, Vrieswijk B, et al. Fat and female 
fecundity: Prospective study on the effect of body fat 
distribution on conception rates. BMJ 1993; 306: 
484-487. 

30. Esinler I, Gurkan B, Hakan Y. Impact of isolated 
obesity on ICSI outcome. Reprod BioMed Online 
2008; 17: 583-587. 

31. Wittemer C, Ohl J, Bailly M, Bettahar-Lebugle K, 
Nisand I. Does body mass index of infertile women 
have an impact on IVF procedure and outcome? 
Assist Reprod Genet 2000; 17: 547-552. 

32. Carrell DT, Jones KP, Peterson CM, Aoki V, Emery 
BR, Campbell BR. Body mass index is inversely 
related to intra follicular HCG concentrations, embryo 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
26

-0
4-

12
 ]

 

                               7 / 8

http://www.ncbi.nlm.nih.gov/pubmed?term=Koning%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22144420
http://www.ncbi.nlm.nih.gov/pubmed?term=Mutsaerts%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=22144420
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuchenbecker%20WK%5BAuthor%5D&cauthor=true&cauthor_uid=22144420
http://www.ncbi.nlm.nih.gov/pubmed?term=Broekmans%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=22144420
http://www.ncbi.nlm.nih.gov/pubmed?term=Land%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22144420
http://www.ncbi.nlm.nih.gov/pubmed?term=Mol%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=22144420
http://www.ncbi.nlm.nih.gov/pubmed/17371588
http://www.ncbi.nlm.nih.gov/pubmed?term=Aktan%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12928936
http://www.ncbi.nlm.nih.gov/pubmed?term=Bozkurt%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12928936
http://www.ncbi.nlm.nih.gov/pubmed?term=Ozer%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12928936
http://www.ncbi.nlm.nih.gov/pubmed?term=Yucebilgin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12928936
http://www.ncbi.nlm.nih.gov/pubmed?term=Karadadas%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12928936
http://www.ncbi.nlm.nih.gov/pubmed?term=Bilgin%20O%5BAuthor%5D&cauthor=true&cauthor_uid=12928936
https://ijrm.ir/article-1-465-fa.html


Rehman et al 

724                                              Iranian Journal of Reproductive Medicine Vol. 11. No. 9. pp: 717-724, September 2013 

quality and IVF outcome. Reprod Biomed Online 
2001; 3: 109-111. 

33. Pandey S, Pandey S, Maheswari , Bhattacharya S. 
The impact of female obesity on the outcome of 
fertility treatment. J Hum Reprod Sci 2010; 3: 62-67. 

34. Nichols JE, Crane MM, Higdon HL. Extremes of body 
mass index reduce in vitro fertilization rates. Fertil 
Steril 2003; 79: 645-647. 

35. Bellver J, Ayllon Y, Ferrando M, Melo M, Goyri E, 
Pellicer A, et al. Female obesity impairs in vitro 
fertilization outcome without affecting embryo quality. 
Fertil Steril 2010; 93: 447-454. 

36. Dechaud H, Anahory T, Reyftmann L, Loup V, 
Hamamah S, Hedon B. Obesity does not adversely 
affect results in patients who are undergoing in vitro 
fertilization and embryo transfer. Eur J Obstet 
Gynecol Reprod Biol 2006; 127: 88-93. 

37. Clayton RN, Catt KJ: Regulation of pituitary 
gonadotrophin releasing hormone receptors by 
gonadal hormones.  Endocrinology  1981;  108:  887- 

895. 
38. Wilcox J, Potter D, Moore M, Ferrande L, Kelly E. 

Prospective, randomized trial comparing cetrorelix 
acetate and ganirelix acetate in a programmed, 
flexible protocol for premature luteinizing hormone 
surge prevention in assisted reproductive 
technologies. Fertil Steril 2005; 84: 108-117. 

39. Dokras A, Baredziak L, Blaine J, Syrop C, Van 
Voorhis BJ, Sparks A. Obstetric outcomes after in 
vitro fertilization in obese and morbidly obese 
women. Obstet Gynecol 2006; 108: 61-69. 

40. Gillett WR, Putt T, Farquhar CM. Prioritizing for 
fertility treatments the effects of excluding women 
with high body mass index. BJOG 2006; 113: 1218-
1221.  

41. National Heart, Lung and Blood Institute. Clinical 
Guidelines on the Identification, Evaluation, and 
Treatment of Overweight and Obesity in Adults. 
Available at: http://www.nhlbi.nih.gov/guidelines/ 
obesity/ob_gdlns.htm. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
26

-0
4-

12
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://www.nhlbi.nih.gov/guidelines/%20obesity/ob_gdlns.htm
http://www.nhlbi.nih.gov/guidelines/%20obesity/ob_gdlns.htm
https://ijrm.ir/article-1-465-fa.html
http://www.tcpdf.org

