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Adverse effect of higher waist circumference
in assisted reproductive technology outcomes

Introduction

Obesity is a worldwide epidemic and has more than dou-
bled since 1980. In 2014, 39% of adults were overweight and 
13% were obese [1]. Adipose tissue produces bioactive proteins, 
known as adipokines, which are involved in the coordination of 
several biological processes, including reproductive functions [2]. 
Excess adipose tissue is associated with ovulatory dysfunction [3], 
reduced conception rates and longer time to conception [4-6].

Studies on the influence of obesity on the outcomes of 
treatment with assisted reproductive technologies (ART treat-
ment) are contradictory. Most studies have shown that body 
mass index (BMI) is directly associated with a higher gonad-
otropin requirement [7-9]; however, some studies have reported 
that obese women did not require significantly higher doses of 
gonadotropins [10-12]. Similarly, the number of oocytes collected 
and the number of mature oocytes were lower in the presence 
of raised BMI in some studies, [9-12] but not found to be affected 
by BMI in others [13,14]. Two meta-analyses evaluated the out-
comes of ART treatment in obese and overweight women; both 
showed lower pregnancy rates among these women, although 

reached different conclusions regarding live birth rates: while 
Rittenberg et al. [15] found a relative risk of 0.84 for obese and 
overweight women, Maheshwari et al. [16] reported insufficient 
evidence on the effect of BMI on live birth. Another meta-anal-
ysis that assessed the effect of obesity and overweight on com-
plications concluded that excess adipose tissue had an only 
slightly negative effect on ART outcomes, since there were no 
significant differences in complications, including ovarian hy-
perstimulation syndrome, ectopic and multiple pregnancy [17]. 
Metwally et al., in their meta-analysis, reported that there is 
insufficient evidence to describe the effect of obesity on mis-
carriage rates after ART treatment [18]. Because of these con-
flicting results, the need to study other adiposity measurements 
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ABSTRACT
Background and purpose: Studies on the influence of obesity on the outcomes of treatment with assisted reproductive 
technologies (ART) are contradictory, although most have demonstrated a negative impact. The contribution of abdomi-
nal obesity, an effective marker of dysfunctional adipose tissue, has been poorly investigated. 
Methods: Observational cohort study. All women (N=578) who underwent ART treatment at the fertility centre of a 
Portuguese University Hospital during the study period were included. The women’s body mass index (BMI) and waist 
circumference (WC) were evaluated at the beginning of the stimulation cycle. They underwent controlled ovarian hyper-
stimulation with long agonist or short antagonist/agonist protocols. Data were stratified in two groups, according to the 
women’s WC-based metabolic risk (defined according to Portuguese national guidelines): lower metabolic risk (WC < 88 
cm) and higher metabolic risk (WC ≥ 88 cm).
Results: The women with a WC < 88 cm had a higher number of oocytes collected (≈ 8% more, p=0.049), a higher 
number of mature oocytes (≈ 20% more, p=0.010), a higher number of fertilized oocytes (≈ 28 more, p=0.017) and a 
lower gonadotropin requirement (≈ 10% less, p=0.042) than the women with a WC ≥ 88 cm. The chance of fertilization 
occurring was two times higher in women with a WC < 88 cm (OR [95% CI]:2.04 [1.04-4.00]). No significant associations 
were observed between WC group and pregnancy, live birth, cycle cancellation and miscarriage rates.
Conclusions: Women with a higher WC have poorer ART treatment outcomes, namely a lower number of oocytes col-
lected, a lower number of mature oocytes, and a lower number of fertilized oocytes. This study highlights the importance 
of considering fat distribution in the quest to clarify the impact of obesity on ART treatment outcomes. According to our 
results, women with a WC ≥ 88 cm have poorer outcomes. It would be important to consider women’s fat distribution 
when counseling and predicting ART treatment outcomes, particularly in terms of ovarian stimulation and oocyte quality.
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has been suggested.
The importance of adipose tissue distribution is emphasized 

in the definition criteria of metabolic syndrome. According to 
the joint statement released in 2009 by WHO, obesity is diag-
nosed using waist circumference (WC) and not BMI, as WC 
has been shown to better correlate with visceral adiposity and 
insulin resistance [19]. WC, after a certain threshold, increases 
the risk of cardiovascular disease and type 2 diabetes melli-
tus. The cut-off point for this threshold is population-specific 
and country-specific. Portuguese national guidelines state that 
women with a WC ≥ 88 cm have a very high metabolic risk [20].

Visceral fat is thought to contribute to a greater amount of 
free fatty acids (FFAs) in the hepatic circulation, which may 
impair liver metabolism and contribute to insulin resistance [2]. 
Although insulin resistance is not included as a diagnostic fea-
ture, it has been reported in up to 50% of obese women with 
polycystic ovary syndrome, a condition characterized by oli-
go/anovulation, hyperandrogenism and polycystic ovaries [21]. 
Moreover, in an animal model of glucocorticoid-induced in-
sulin resistance, dexamethasone was responsible for decreased 
circulating levels of estradiol and anovulation [22]. The expres-
sion of adipokines also differs according to the site of fat dep-
osition, with a higher secretion of inflammatory cytokines and 
lower secretion of leptin and adiponectin in visceral adipose 
tissue [2]. Both of these adipokines are involved in the regu-
lation of reproductive functions, including gonadotropin se-
cretion and steroidogenesis (leptin) [23], oocyte maturation and 
early embryo development [23,24].

Wise et al. observed that obese women have a longer time- 
to-pregnancy and this association became stronger after con-
trolling for WC. Notwithstanding, the relationship of WC and 
waist-to-hip ratio (WHR) with fecundability rate was null or 
weakly positive [6]. The few studies that have assessed fat distri-
bution on ART treatment outcomes have found that WHR was 
inversely associated with the probability of conception per in 
vitro fertilization (IVF) cycle [25] and that a WHR ≥ 0.8 reduced 
the pregnancy rate of embryo transfer [26].

Following the widespread clinical use of WC as a marker of 
abdominal obesity and metabolic risk, we searched for differ-
ences in ART treatment outcomes in women who, according to 
their WC measurement, presented different levels of metabolic 
risk.

 
Materials and Methods 

1. Study population
All the women who underwent ART treatment – in vitro fertili-
zation (IVF) or intracytoplasmic sperm injection (ICSI) – at the 
Human Reproduction Department of a Portuguese University 
Hospital between October 2012 and August 2014 were includ-
ed in the study. The women’s BMI and WC were evaluated at 
the beginning of the stimulation cycle. The WC measurement 
was taken midway between the lowest rib and the iliac crest. 
Other clinical information, such as the women’s age, the dura-
tion and cause of infertility, smoking habits, number of previ-
ous IVF cycles, ovarian stimulation protocol, type of fertiliza-
tion (IVF or ICSI), and semen characteristics were recorded.

2. Ovarian stimulation protocols, embryo transfer 
and follow-up
The women underwent controlled ovarian hyperstimulation 
(COH) with one of the following protocols: short antagonist 
protocol, long agonist protocol or short agonist protocol. A 
small percentage of women (5.2%) were stimulated with other 
combinations of drugs. The choice of protocol was made on a 
case-by-case basis according to patient clinical characteristics. 
COH was achieved by administration of recombinant folli-
cle-stimulating hormone (FSHr) (Puregon®, Organon, Nether-
lands; or Gonal-F®, Merck Serono, Italy) or human menopau-
sal gonadotropin (hMG) - Menopur®, Ferring, Germany. Doses 
ranged from 75 to 450 IU/day depending on the women’s age, 
antral follicle count, FSH and anti-Müllerian hormone levels, 
and response to previous COH. From day 5 of stimulation, gon-
adotropin doses were adjusted according to serum oestradiol 
(E2) levels and ovarian response, assessed by vaginal ultra-
sound examination. In the short antagonist protocol, ovarian 
stimulation was initiated on day 2 of the menstrual cycle. Ad-
ministration of a daily dose of 0.25 mg of gonadotropin releas-
ing hormone antagonist (GnRHa) (Cetrotide®, Merck, Germa-
ny; or Orgalutran® Organon, Ireland) was initiated when the 
larger follicle reached a mean diameter of 14 mm. In the long 
agonist protocol, pituitary desensitization with daily subcuta-
neous administration of triptorelin 0.1 mg (Decapeptyl®, Ipsen 
Pharma Biotech, France) began in the midluteal phase of the 
previous menstrual cycle. This dose was continued until ovar-
ian quiescence was confirmed by ultrasound examination and 
by E2 level (<50 pg/mL), at which point the dose of the GnRH 
was halved and maintained until ovulation induction in com-
bination with FSHr or hMG. In the short agonist protocol, a 
daily dose of 0.1 mg of triptorelin (Decapeptyl®, Ipsen Pharma 
Biotech, France) was initiated at day 2 of the menstrual cycle in 
combination with gonadotropin administration. Ovulation and 
oocyte maturation were induced with intramuscular adminis-
tration of 5000 or 10000 IU of human chorionic gonadotropin 
(hCG) (Pregnyl®, Organon, Netherlands) when at least three 
leading follicles reached a mean diameter of 17 mm. Transvag-
inal oocyte retrieval was scheduled 34 to 36 hours after hCG 
administration. Women were instructed to begin micronized 
intravaginal progesterone 200 mg every 8 hours (Progeffik®, 
EFIKK, France) from the day of the fertilization. Fertilization 
was assessed after 18 hours and fertilization rates were calcu-
lated. Embryo cleavage was assessed every 24 hours thereafter 
and transfer was performed 3 or 5 days after oocyte retrieval. 
Fourteen days after oocyte retrieval a quantitative serum value 
of β-hCG was obtained. 

3. Outcome measures 
The outcome measures considered in this study were outcomes 
of assisted reproductive treatments, including dose of gonado-
tropin used for ovarian stimulation, number of oocytes collect-
ed, number of mature oocytes, number of cancelled cycles, em-
bryo development, fertilization, implantation and miscarriage 
rates, and pregnancy and live birth rates. 

Clinical pregnancy was ascertained by the presence of an 
intrauterine gestational sac on ultrasound examination and was 
expressed per cycle started as well as per embryo transfer. Live 
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birth was considered achieved when the fetus was born alive 
beyond the 24th week of gestation. Embryo morphology (num-
ber of cells and degree of fragmentation) was recorded daily. 
Blastocysts were graded according to the degree of expansion 
and quality of the inner cell mass and trophectoderm. Implan-
tation rates were considered per embryo transfer. Miscarriage 
was defined as a pregnancy failing to reach the 24th week of 
gestation after detection of a gestational sac(s).

4. Statistical analysis
We performed a study of a cohort of 578 women who un-

derwent ART treatment. Initially we conducted an exploratory 
data analysis using graphical techniques and quantitative anal-
ysis in order to characterize the sample, and detect possible 
extreme outliers and measurement errors. Data were stratified 
into two groups, according to the women’s metabolic risk, as 
based on their WC [20]: lower metabolic risk (WC < 88 cm) and 
higher metabolic risk (WC ≥ 88 cm).

To investigate the existence of differences between women 
with a WC ≥ 88 cm and those with a WC < 88 cm, we conducted 
a one-way ANCOVA (analysis of covariance), assuming equal 
variances (Levene’s test for equality of variances). To study the 
association between WC and ART treatment outcomes, we cal-
culated Fisher’s exact test and risk estimate (odds ratio). The 
assumptions of the statistical techniques used were validated. 

Post-hoc power calculations demonstrated that the sample 
size achieved was sufficient to detect medium effects [f=.15, 
p<.05, power = .95, G*Power 3] in the ANCOVA [27].

Statistical analysis was performed with the support of IBM 
SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM 
Corp, with the level of significance fixed at 5%.

Results

A total of 610 couples was enrolled in the study. Of these, 
24 were lost to follow-up and a further 8 couples were excluded 
from the study because they failed to initiate treatment due to 
personal reasons (n=6) or spontaneous pregnancy (n=2). The 
final sample consisted of 578 couples. 

The women’s mean age (years) was 35 ± 3 and almost all 
were Caucasian (99.5%). Primary infertility was present in 
77% of the couples. A short antagonist protocol was used in 
51.2% of cycles, a long agonist protocol in 37%, and a short 
agonist protocol in 6.6%. FSHr was used in 62.8% of cycles 
and hMG in 37.2%. 

Most of the women were of normal weight (63%), 3.1% 
were underweight, 24% were overweight, and 9.9% were 
obese. According to their WC measurement, 82.5% of women 
had a lower metabolic risk (WC < 88 cm) and 17.5% a higher 
metabolic risk (WC ≥ 88 cm). The clinical characteristics of the 
cohort of patients are presented in Table I (A, B). It is interest-
ing to note that not all the obese women had a higher metabolic 
risk (9 of these women had a WC < 88 cm). On the other hand, 
in the overweight and normal weight classes, there were 45 
and 8 women, respectively, who had a higher metabolic risk 
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Table 1a Clinical characteristics of the cohort of patients (578 women).

MEAN (± SD) / FREQUENCY MIN-MAX / %

Age (years) 35 ± 3 21-40

WC (cm) 79.4 ± 8.8 60.0-114.0

BMI (Kg/m2) 24.0 ± 4.1 14.9-42.0

Duration of infertility (months) 58 ± 35 12-204

Previous IVF cycles (no.) 1 ± 1 0-5

Smoking 88 16.1

Main cause of female infertility

Ovulatory dysfunction 63 16.1

Endometriosis 65 16.6

Tubal factor 95 24.3

Cervical factor 7 1.8

Unexplained infertility 121 30.9

Male factor 40 10.2

Weight class 

Underweight (BMI <18.5 Kg/m2) 18 3.1

Normal weight (18.5 Kg/m2 ≤ BMI < 25.0 Kg/m2) 364 63.0

Overweight (BMI: 25.0 Kg/m2 ≤ BMI < 30.0 Kg/m2) 139 24.0

Obese (BMI ≥30.0 Kg/m2) 57 9.9

WC group

Lower metabolic risk (WC <88 cm) 477 82.5

Higher metabolic risk (WC ≥ 88 cm) 101 17.5

BMI: body mass index; WC; waist circumference; SD: standard deviation; IVF: in vitro fertilization
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(Table IB). The women with a smaller WC (< 88 cm) had a 
higher number of oocytes collected (≈ 8% more, p=0.049), a 
higher number of mature oocytes (≈ 20% more, p=0.010), a 
higher number of fertilized oocytes (≈ 22% more, p=0.017), 
and a lower gonadotropin requirement (≈ 10% less, p=0.042) 
than the women with a WC ≥ 88 cm. Figure 1 displays the 
outcomes related to oocytes retrieved and fertilization in both 
groups. Although the difference was not statistically signifi-
cant, the women with a WC < 88 cm had a higher fertilization 
rate. The implantation rate was not different between groups. 
The comparison of ART outcomes according to WC group is 
presented in Table II.

There was a significant association between WC group and 
the occurrence of fertilization (p=0.033). The occurrence of 
fertilization was higher in the women with a WC < 88 cm (OR 
[95% CI]: 2.04 [1.04-4.00]). No significant associations were 
observed between WC group and pregnancy, live birth, cycle 
cancellation and miscarriage rates (Table III).

Effect of higher waist circumference in ART outcomes

Table 1b Clinical characteristics of the cohort of patients (578 women).

Table 2 Comparison of ART outcomes according to WC group.

Table 3 Association of ART treatment outcomes according to class of WC. 

WC < 88 WC ≥ 88

Frequency

Underweight (BMI <18.5 Kg/m2) 18 0

Normal weight (18.5 Kg/m2 ≤ BMI < 25.0 Kg/m2) 356 8

Overweight (BMI: 25.0 Kg/m2 ≤ BMI < 30.0 Kg/m2) 94 45

Obese (BMI ≥30.0 Kg/m2) 9 48

BMI: body mass index; WC; waist circumference

WC < 88 cm - NO.= 477 WC ≥ 88 cm - NO.= 101 ONE-WAY ANCOVA

Mean ± SD F p

Total dose of FSH (IU) - short antagonist protocol a 1793.1 ± 659.1 1989.1 ± 681.3 4.170 0.042*

No. of oocytes collected a  9.1 ± 5.3 8.4 ± 6.1 3.891 0.049*

No. of mature oocytes a  6.5 ± 4.1 5.4 ± 4.2 6.629 0.010*

No. of fertilized oocytes a  4.1 ± 3.0 3.2 ± 3.2 5.780 0.017*

Fertilization rate a 63.5 ± 30.8 60.1 ± 35.0 0.315 0.238

Implantation rate a 21.0 ± 33.4 21.1 ± 34.3 0.052 0.795
a mean adjusted for age (years), duration of infertility (months) and no. of previous IVF cycles; * difference is significant at 0.05 (2-tailed); ART: assisted reproductive technologies; WC: waist 
circumference; BMI: body mass index; FSH: follicle-stimulating hormone; SD: standard deviation

WC < 88 cm - N = 477 WC ≥ 88 cm - N = 101 FISHER’S EXACT TEST RISK ESTIMATE

Outcome Frequency (%) p OR (95% CI)

Fertilization 387 (93.1) 72 (83.7) 0.033* 2.04 (1.04-4.00)

Pregnancy

Per cycle 97 (20.3) 17 (16.8) 0.421 1.27 (0.71-2.22)

Per transfer 97 (32.3) 17 (32.1) 0.970 1.02 (0.54-1.89)

Live birth (per transfer) 72 (24.0) 15 (28.3) 0.210 0.38 (0.08-1.79)

Cancelled cycle 42 (8.8) 12 (11.9) 0.335 0.71 (0.36-1.43)

Miscarriage 26 (26.5) 2 (11.8) 0.184 2.70 (0.58-1.25)

* association is significant at the 0.05 level (2-tailed); ART: assisted reproductive technologies; WC: waist circumference; OR: odds ratio; CI: confidence interval

WC

30
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0
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No. of oocytes collected
No. of mature oocytes
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Figure 1 Comparison of the outcomes related to oocytes retrieved and 
fertilization between groups: WC < 88 cm (lower metabolic risk) and 
WC ≥ 88 cm (higher metabolic risk).
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Discussion

This study aimed to examine whether women with different 
levels of metabolic risk, as based on their WC measurement, 
have different ART treatment outcomes. The results showed 
that women with a WC ≥ 88 cm have poorer outcomes and that 
the probability of fertilization was 2 times higher in women 
with a lower WC.

Obese women are prone to ovulatory dysfunction as a con-
sequence of insulin resistance [22] and altered expression of ad-
ipokines (higher levels of leptin and lower levels of adiponec-
tin) [23,24]. The associations of obesity with insulin resistance 
and with hyperinsulinemia are more striking in the presence of 
abdominal distribution of adiposity [2], which is in accordance 
with our results. Women with a WC ≥ 88 cm had a higher gon-
adotropin requirement and lower numbers of oocytes collected 
and of mature oocytes. Approximately half of the women with 
higher metabolic risk (WC ≥ 88 cm) were non-obese, a finding 
that underlines the importance of fat distribution.

Another effect of obesity is high FFA levels, which have 
been linked with insulin resistance (systemic levels), but also 
with apoptosis of human granulosa cells [28] and with poor 
cumulus oocyte complex morphology [29], the latter a conse-
quence of high levels of FFA in the follicular fluid, which cor-
relates with plasma levels [30]. Obese women have higher levels 
of pro-inflammatory cytokines, insulin, lactate and triglycer-
ides in the follicular fluid [31]. Abdominal obesity is associated 
with markers of oxidative stress in follicular fluid [32], which has 
been associated with poor oocyte quality. The altered microen-
vironment of oocytes could explain our findings of impaired 
response to gonadotropins, as well as lower quality of oocytes 
in women with a WC ≥ 88 cm (lower number of mature and 
fertilized oocytes).

Despite the negative influence of abdominal obesity on 
ovulation and oocyte quality, the implantation and clinical 
pregnancy per transfer rates were not impaired in our study, 
suggesting that dysfunctional adipose tissue does not influence 
endometrial receptivity. Although there are no studies evaluat-
ing women with different WC measurements, this hypothesis 
is supported by a meta-analysis of IVF outcomes in obese do-
nor oocyte recipients [33]. Moreover, a study concerning women 
who underwent ICSI has demonstrated that obesity has no im-
pact on endometrial thickness, endometrial pattern and uterine 
blood flow. In fact, obese and overweight women who partic-
ipated in the study by Zeng et al. had similar pregnancy and 
miscarriage rates to those recorded in normal weight women 
[34]. 

Our study has an important merit. To the best of our knowl-
edge, it is the first study concerning the influence of WC (a 
marker of metabolic risk) on ART treatment outcomes. The 
association of android fat tissue distribution (defined as WHR 
≥0.8) with lower pregnancy rate in IVF was previously eval-
uated by Wass et al. [26]. Our data was analyzed adjusting for 
the women’s age in order to evaluate the value of abdominal 
obesity in itself. We believe this is an important issue, as there 
is robust evidence suggesting that female age should be con-
sidered one of the stronger predictors of successful pregnancy 
after IVF [35]. Alongside the aforementioned strength, this study 

has a limitation: we did not take into account the role of male 
obesity and semen quality, factors that may have influenced 
some of our study outcomes. 

Although the mechanism is not totally understood, it is 
widely recognized that regional abdominal fat, irrespective of 
the total amount of body fat, leads to metabolic complications. 
Therefore, the contradictory results of studies concerning the 
influence of obesity on ART outcomes could be explained in 
part by differences in fat distribution. This hypothesis has al-
ready been addressed by Wise et al. in spontaneous pregnancy. 
In their study, they found that the overweight and obese wom-
en had a lower fecundability rate (FC), ranging from 0.55 to 
0.83, in comparison with the normal weight women (FC=1.00). 
When adjusting for women’s WC, the FC was even lower, 
ranging from 0.48 to 0.72 [6]. 

In conclusion, this study highlights the importance of con-
sidering women’s fat distribution when predicting ART treat-
ment outcomes and counseling on treatments, particularly 
ovarian stimulation and oocyte quality.

Authors’ roles

AFF designed the study, analysed and interpreted the data 
and drafted the article. APS collected and analysed the data. 
MMR analysed and interpreted the data and edited and revised 
the manuscript. BRC performed the statistical treatment and 
analysis of the data. PC and ALC collected the data and revised 
the article. TAS designed the study, interpreted the data and 
revised the manuscript. All authors read and approved the final 
version of the manuscript to be published. 

References

1.	 World Health Organization. WHO | Obesity and overweight. WHO. 
2015.

2.	 Bohler H Jr, Mokshagundam S, Winters SJ. Adipose tissue and re-
production in women. Fertil Steril. 2009;94:795-825.

3.	 Pasquali R, Patton L, Gambineri A. Obesity and infertility. Curr Opin 
Endocrinol Diabetes Obes. 2007;14:482-7.

4.	 van der Steeg JW, Steures P, Eijkemans MJ, et al. Obesity affects 
spontaneous pregnancy chances in subfertile, ovulatory women. 
Hum Reprod. 2008;23:324-8.

5.	 Jokela M, Elovainio M, Kivimaki M. Lower fertility associated with 
obesity and underweight: the US National Longitudinal Survey of 
Youth. Am J Clin Nutr. 2008;88:886-893.

6.	 Wise LA, Rothman KJ, Mikkelsen EM, Sorensen HT, Riis A, 
Hatch EE. An internet-based prospective study of body size and 
time-to-pregnancy. Hum Reprod. 2010;25:253-64.

7.	 Bellver J, Ayllon Y, Ferrando M, et al. Female obesity impairs in 
vitro fertilization outcome without affecting embryo quality. Fertil 
Steril. 2010;93:447-54.

8.	 Fedorcsak P, Dale PO, Storeng R, et al. Impact of overweight and 
underweight on assisted reproduction treatment. Hum Reprod. 
2004;19:2523-8.

9.	 Pinborg A, Gaarslev C, Hougaard CO, et al. Influence of female bod-
yweight on IVF outcome: a longitudinal multicentre cohort study of 
487 infertile couples. Reprod Biomed Online. 2011;23:490-9.

10.	 Legge A, Bouzayen R, Hamilton L, Young D. The impact of ma-
ternal body mass index on in vitro fertilization outcomes. J Obstet 
Gynaecol Can. 2014;36:613-9.

Ferreira AFR et al.



41European Gynecology and Obstetrics. 2020; 2(1):36-41

11.	 Sathya A, Balasubramanyam S, Gupta S, Verma T. Effect of body 
mass index on in vitro fertilization outcomes in women. J Hum Re-
prod Sci. 2010;3:135-8.

12.	 Vilarino FL, Bianco B, Christofolini DM, Barbosa CP. [Impact of 
body mass index on in vitro fertilization outcomes]. Rev Bras Gine-
col Obstet. 2010;32:536-40.

13.	 Depalo R, Garruti G, Totaro I, et al. Oocyte morphological abnor-
malities in overweight women undergoing in vitro fertilization cy-
cles. Gynecol Endocrinol. 2011;27:880-4.

14.	 Haghighi Z, Rezaei Z, Es-Haghi Ashtiani S. Effects of women’s 
body mass index on in vitro fertilization success: a retrospective co-
hort study. Gynecol Endocrinol. 2012;28:536-9.

15.	 Rittenberg V, Seshadri S, Sunkara SK, Sobaleva S, Oteng-Ntim E, 
El-Toukhy T. Effect of body mass index on IVF treatment outcome: 
an updated systematic review and meta-analysis. Reprod Biomed 
Online. 2011;23:421-39.

16.	 Maheshwari A, Stofberg L, Bhattacharya S. Effect of overweight and 
obesity on assisted reproductive technology--a systematic review. 
Hum Reprod Update. 2007;13:433-44.

17.	 Koning AM, Mutsaerts MA, Kuchenbecker WK, et al. Complica-
tions and outcome of assisted reproduction technologies in over-
weight and obese women. Hum Reprod. 2012;27:457-67.

18.	 Metwally M, Ong KJ, Ledger WL, Li TC. Does high body mass 
index increase the risk of miscarriage after spontaneous and as-
sisted conception? A meta-analysis of the evidence. Fertil Steril. 
2008;90:714-26.

19.	 Lam DW, LeRoith D. Metabolic Syndrome. In: De Groot LJ, Chrou-
sos G, Dungan K, et al., eds. Endotext. South Dartmouth (MA): MD-
Text.com, Inc.; 2015.

20.	 Direção-Geral-da-Saúde. Plataforma contra obesidade - Indicador de 
risco metabólico.

21.	 Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop 
group. Revised 2003 consensus on diagnostic criteria and long-term 
health risks related to polycystic ovary syndrome (PCOS). Human 
Reprod. 2003;19:41-7.

22.	 Hackbart KS, Cunha PM, Meyer RK, Wiltbank MC. Effect of glu-
cocorticoid-induced insulin resistance on follicle development and 
ovulation. Biol Reprod. 2013;88:153.

23.	 Perez-Perez A, Sanchez-Jimenez F, Maymo J, Duenas JL, Varone 
C, Sanchez-Margalet V. Role of leptin in female reproduction. Clin 
Chem Lab Med. 2015;53:15-28.

24.	 Richards JS, Liu Z, Kawai T, et al. Adiponectin and its receptors 

modulate granulosa cell and cumulus cell functions, fertility, and 
early embryo development in the mouse and human. Fertil Steril. 
2012;98:471-9.e471.

25.	 Zaadstra BM, Seidell JC, Van Noord PA, et al. Fat and female fecun-
dity: prospective study of effect of body fat distribution on concep-
tion rates. BMJ 1993;306:484-7.

26.	 Wass P, Waldenstrom U, Rossner S, Hellberg D. An android body fat 
distribution in females impairs the pregnancy rate of in-vitro fertili-
zation-embryo transfer. Hum Reprod. 1997;12:2057-60.

27.	 Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible 
statistical power analysis program for the social, behavioral, and bi-
omedical sciences. Behav Res Methods. 2007;39:175-91.

28.	 Mu YM, Yanase T, Nishi Y, et al. Saturated FFAs, palmitic acid and 
stearic acid, induce apoptosis in human granulosa cells. Endocrinol-
ogy. 2001;142:3590-7.

29.	 Jungheim ES, Macones GA, Odem RR, et al. Associations between 
free fatty acids, cumulus oocyte complex morphology and ovarian 
function during in vitro fertilization. Fertil Steril. 2011;95:1970-4.

30.	 Niu Z, Lin N, Gu R, Sun Y, Feng Y. Associations between insulin 
resistance, free fatty acids, and oocyte quality in polycystic ovary 
syndrome during in vitro fertilization. J Clin Endocrinol Metab. 
2014;99:E2269-76.

31.	 Robker RL, Akison LK, Bennett BD, et al. Obese women exhibit 
differences in ovarian metabolites, hormones, and gene expression 
compared with moderate-weight women. J Clin Endocrinol Metab. 
2009;94:1533-40.

32.	 Nasiri N, Moini A, Eftekhari-Yazdi P, et al. Abdominal obesity can 
induce both systemic and follicular fluid oxidative stress independ-
ent from polycystic ovary syndrome. Eur J Obstet Gynecol Reprod 
Biol. 2015;184:112-6.

33.	 Jungheim ES, Schon SB, Schulte MB, DeUgarte DA, Fowler SA, 
Tuuli MG. IVF outcomes in obese donor oocyte recipients: a system-
atic review and meta-analysis. Hum Reprod. 2013;28:2720-7.

34.	 Zeng X, Pang H, Li X, Luo S, Jin S, Li S. Impact of obesity on endo-
metrial blood flow in women without polycystic ovarian syndrome 
during intracytoplasmic sperm injection. Reprod Biol Endocrinol. 
2013;11:57.

35.	 van Loendersloot LL, van Wely M, Limpens J, Bossuyt PM, Rep-
ping S, van der Veen F. Predictive factors in in vitro fertilization 
(IVF): a systematic review and meta-analysis. Hum Reprod Update. 
2010;16:577-89.

Conflict of interest: The authors declare that they have no competing interests. 

Effect of higher waist circumference in ART outcomes


