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Objective: To study the effect of body composition on reproduction in women with unexplained infertility treated with a controlled ovarian 
hyperstimulation and intrauterine insemination programme.
Methods: This prospective observational study was conducted on 308 unexplained infertile women who were scheduled for a controlled ovar-
ian hyperstimulation and intrauterine insemination programme and were grouped as pregnant and non-pregnant. Anthropometric measure-
ments were performed using TANITA-420MA before the treatment cycle. Body composition was determined using a bioelectrical impedance 
analysis system.
Results: Body fat mass was significantly lower in pregnant women than in non-pregnant women (15.61 ± 3.65 vs.18.78 ± 5.97, respectively) 
(p= 0.01). In a multiple regression analysis, body fat mass proved to have a stronger association with fecundity than the percentage of body fat, 
body mass index, or the waist/hip ratio (standardized regression coefficient ≥ 0.277, t-value ≥ 2.537; p< 0.05). The cut-off value of fat mass, 
which was evaluated using the receiver operating characteristics curve, was 16.65 with a sensitivity of 61.8% and a specificity of 70.2%. Below 
this cut-off value, the odds of the pregnancy occurrence was found to be 2.5 times more likely.
Conclusion: Body fat mass can be predictive for pregnancy in patients with unexplained infertility scheduled for a controlled ovarian hyper-
stimulation and intrauterine insemination programme.
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Introduction

Obesity is an important health problem that may affect reproduc-
tive functions. Obese women are at increased risk for menstrual ir-
regularities [1], oligoanovulation, infertility, higher miscarriage rates, 
and complications during pregnancy [2]. Previous investigations 
studied the impact of obesity on the outcome of fertility treatments 
by using the body mass index (BMI). Some studies have suggested 
that the conception rate is lower in obese women than in non-obese 

women [3,4]. Other investigators, however, have reported either 
similar outcomes in obese and normal-weight women [5] or a 
positive effect of obesity on infertility treatment [6]. However, as 
individuals with the same BMI may have different body compositions, 
these studies have had conflicting results.

There is growing interest in the measurement of body composition, 
which is a simple method to measure the percentage of body fat and 
fat mass. Some studies investigated the importance of a body com-
position analysis to measure body fat mass and whether body com-
position can be interpreted as an extragenital marker of human ovar-
ian function and female fertility, or not [7,8]. Since these studies in-
cluded subjects who were polycystic ovary syndrome (PCOS) patients 
or heterogeneously stratified infertile patients, heterogeneous re-
sults were obtained; therefore, it would be more appropriate to in-
vestigate the effect of fat mass in a cohort of an unexplained infertile 
population. To the best of our knowledge, there has been no study 
on the effect of body composition on the response to cycle fecundity 
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in a controlled ovarian hyperstimulation (COH) and intrauterine in-
semination (IUI) cycle. In the present report, we investigated the pre-
dictive value of body composition with respect to fecundity after 
COH/IUI cycles in women with unexplained infertility.

Methods

In all, 1,582 women who were admitted the infertility clinic between 
May 2012 and April 2013 were evaluated. Medical history, smoking 
habits, physical examination, level of FSH, level of luteinizing hor-
mone, estradiol levels, semen analysis, transvaginal ultrasonography, 
hysterosalpingography, and chlamydial antibody titre were investi-
gated. After the investigations, the patients who had no definable 
problems in terms of ovulation, oocyte reserve, tubal patency, uter-
ine cavity, and semen analysis were diagnosed as unexplained infer-
tility in the women and were included in this study. 1,287 patients 
had infertility due to some explainable factors; therefore, they were 
excluded from this study. The male factor was evaluated according to 
the World Health Organization criteria [9]. The study protocol was 
conducted according to the revised Declaration of Helsinki and was 
approved by the local Research and Ethics Committee of our hospi-
tal. As shown in the flow chart, after the exclusions, 308 pariticipants 
were provided written informed consent and then were scheduled 
for the COH/IUI protocol, 296 subjects were evaluated for the final 
analysis (Figure 1). The exclusion criteria encompassed all possible 
causes of infertility, such as endocrine factor, uterine factor in the his-
tory of surgery, pelvic inflammatory disease, presence of endometri-
osis, PCOS, smoking, and drug use, which might affect hormone me-
tabolism or body composition.

Anthropometric measurements were performed using a TANITA-
420MA before the treatment cycle. The analyser device was sensitive 
to 100 g fat. Body composition was determined using a simple and 
less time-consuming bioelectrical impedance analysis (BIA) system. 
BIA is based on the principle that the electrical conductivity through 
the body fluid is considerably greater in the case of fat-free mass 
than in the case of fat mass. Further, conventional BIA systems re-

quire four gel electrodes placed at the upper and the lower limbs, 
and the subject has to lie supine for the measurement. The other sys-
tem that we used was a leg-to-leg BIA device that measures the im-
pedance across the lower limbs; the four electrodes of this system 
were stainless steel foot pads on the top surface of a platform scale 
[10]. The subjects were instructed to avoid food intake for 8 hours 
without dehydration and with an emptied bladder. They were asked 
to stand barefoot on the scale for a simultaneous measurement of 
the body weight and the impedance; by manually entering a sub-
ject’s gender and height into the system via a digital keyboard, we 
could immediately obtain the subject’s percentage body fat on the 
system display. Each subject’s weight, BMI (kg/m²), body fat percent-
age, and total body fat mass were determined using the BIA system.

BMI, which is a measure of total fatness, was classified into one of 
the following four BMI categories: BMI < 18.5 kg/m² (underweight), 
18.5 kg/m² ≤ BMI < 25 kg/m² (normal weight), 25 kg/m² ≤ BMI < 30 
kg/m² (overweight), or BMI ≥ 30 kg/m² (obese) [11]. Women with 
BMI of ≤ 18.5 kg/m² or ≥ 30 kg/m² were excluded.

Waist circumference was measured at the narrowest part of the waist 
located between the lower rib and the iliac crest, and hip circumfer-
ence was measured at the level of the greatest gluteal protuberance 
in a horizontal plane parallel to the floor. The waist-to-hip ratio was 
calculated by dividing the waist circumference by the hip circumfer-
ence.

All eligible subjects scheduled for the COH /IUI programme received 
a subcutaneous injection (75 IU per day) of exogenous gonadotro-
pins as recombinant FSH (Puregon, Merck Serono SA, Geneva, Swit-
zerland) beginning from the third day of the menstrual cycle. Moni-
toring by transvaginal ultrasound was started daily after the fifth day 
of the stimulus. When ≥ 1 follicle reached a diameter of ≥ 18 mm, an 
intramuscular injection (6,500 IU) of recombinant hCG (Ovitrelle, Mer-
ck Serono SA, Geneva, Switzerland) was administered. A concentrat-
ed, washed sperm sample was prepared, and IUI was performed us-
ing a catheter 34–36 hours after the hCG injection; the catheter was 
inserted through the cervical canal into the uterine cavity.

Twelve cycles were cancelled due to ovarian hyper-response. Wom-
en with delayed menses in the menstrual period following insemina-
tion were evaluated using serum hCG levels and sonograms. A posi-
tive serum beta hCG level of ≥ 10 mIU/L was regarded as biochemi-
cal pregnancy, and the presence of a gestational sac on ultrasonog-
raphy was regarded as clinical pregnancy. At the end of this study, 
pregnant and non-pregnant subjects were compared in terms of their 
BMI, waist-to-hip ratio, and body fat mass.

All statistical analyses were performed with the SPSS ver. 15.0 (SPSS 
Inc., Chicago, IL, USA). Differences between the means in normally 
distributed variables were obtained using a Student’s t-test. A chi-
squared test was performed on categorical variables. Multiple regres-

12 Cycle cancelled 47 Women got prognant 249 Women failed to conceived

1,582 Women were assesed at infertility clinic

1,267 Did not meet  
inclusion criteria

7 Refused to participate and 308 provided 
written informed and scheduled ovulation

Figure 1. Flow chart.
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Table 1. Demographic characteristics of study groups

Characteristic Pregnant 
(n = 47)

Non-pregnant 
(n = 249) p-value

Age (yr ± SD) 27.04 ± 4.55 28.71 ± 4.78 0.28
Duration of infertility (mo) 19.7 ± 6.9 20.17 ± 6.2 0.69
Basal FSH/E2 level 0.2 ± 0.7 0.2 ± 0.6 0.66
Weight (kg) 58.47 ± 7.15 62.26 ± 9.23 0.08
Waist-to-hip ratio 0.74 ± 0.64 0.75 ± 0.52 0.60
Fat mass (kg) 15.61 ± 3.65 18.8 ± 5.97 0.01*
Fat percentage (%)  24.8 27.2 0.16
Body mass index (BMI)
    18.5 ≤ BMI < 25
    25 ≤ BMI < 30

68 (32)
32 (15)

45.3 (133)
54.7 (116)

0.063

Dominant follicle count before  
    hCG administration (mean ± SD)

0.5 ± 0.7 0.3 ± 0.5 0.12

Values are presented as mean ± SD or number (%).
*p< 0.05.

Table 2. Multiple regression analysis results

Dependent variable
Independent variable

Fat mass (kg) % fat Body mass index Waist-to-hip ratio

Pregnant or non-pregnant 0.012* (-2.537) 0.289 (1.062) 0.829 (-0.216) 0.363 (-0.910)

Values are presented as standardized regression coefficients. Parentheses indicate t-values.
% fat, percentage of body fat.
*p< 0.05.

Figure 2. Receiver operating characteristics (ROC) curve of fat mass 
for the prediction of pregnancy outcome.
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sion analyses were performed to investigate the predictive value of 
independent variables on the occurrence of pregnancy. The strength 
of association between the dependent and independent variables 
was assessed using a standardized regression coefficient and the t-
value. A receiver operating characteristics (ROC) curve was drawn to 
find the optimum cut-off value of the fat mass in the prediction of 
the pregnancy outcome.

Results

Among the 1,582 subjects, only 308 were eligible for the trial. Table 
1 summarizes the demographic characteristics and anthropometry 
of these patients. The age, duration of infertility, basal FSH/E2 level, 
and dominant follicle count before the hCG administration did not 
differ between pregnant and non-pregnant women. The fat mass 
was statistically significantly lower in pregnant women than that in 
non-pregnant women (15.61 ± 3.65 vs. 18.78 ± 5.97, respectively) 
(p= 0.01). Although the weight, waist-to-hip ratio, and fat percent-
age were lower in pregnant women, they were not statistically signif-
icant. Cycle fecundity was different among normal-weight and over-
weight women; however, this difference was also statistically non-
significant (68% and 32%, respectively) (p= 0.063). Women with low 
BMI might have the tendency to become pregnant. Note that there 

was only one multifetal pregnancy among the pregnant group.
In the multiple regression analysis model, fat mass proved to have a 

stronger association with fecundity than body fat percentage, BMI, 
or waist-to-hip ratio (standardized regression coefficient ≥ 0.277; t-
value ≥ 2.537; p< 0.05) (Table 2).

The cut-off value of fat mass was found to be 16.65 kg by using an 
ROC analysis with a sensitivity of 61.8% and a specificity of 70.2% 
(Figure 2). The area under the ROC curve was 0.65 (95% confidence 
interval [CI], 0.58–0.73; p= 0.001). Below this cut-off value, the odds 
of the pregnancy occurrence was found to be 2.5 times more likely.

Discussion

Our study demonstrated an association of body composition with 
cycle fecundity in unexplained infertile women undergoing COH/IUI. 
In the multiple regression analysis, body fat mass showed to be a su-
perior predictor of fecundity to weight, BMI, and waist-to-hip ratio. 
The results indicate that a fat mass of > 16.65 kg is a predictive factor 
of a pregnancy failure with a sensitivity of 61.8% and a specificity of 
70.2%.

Previous studies examining the predictive value of weight with re-
spect to fecundity by using BMI reported controversial results. Stud-
ies show similar treatment success in obese and non-obese women 
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either undergoing COH/IUI [6,12] or IVF [5,13-19]. However, contrast-
ing results of an obesity-related decline in fecundity in obese, oligo-
ovulatory women with ovulation induction/IUI cycles were obtained 
in a study by White et al. [20]. Similarly, the negative impact of obesi-
ty was reported in women undergoing IVF [21-24]. In contrast, Wang 
et al. [6] reported a higher rate of success in obese women than in 
normal-weight women, but their study sample was a mixture of ovu-
latory and anovulatory subjects. The investigation of COH/IUI out-
comes of obese women may be affected by the increased prevalence 
of ovulatory disorders; therefore, it is important to form a homoge-
neous study group to prevent selection bias. In present study, we ex-
cluded the PCOS patients because of the possibility of anovulation. 
Similarly, Dodson et al. [12] recruited homogenously stratified wom-
en with unexplained infertility without chronic anovulation and PCOS 
and reported that the adjusted cycle fecundity was not different 
among BMI groups: underweight, 0.14 (95% CI, 0.07–0.29); normal 
weight, 0.12 (95% CI, 0.09–0.16); overweight, 0.17 (95% CI, 0.12–0.24), 
and obese, 0.14 (95% CI, 0.08–0.23). In our study, BMI was not found 
to be statistically different between pregnant and non-pregnant 
women, but pregnant women had a tendency to have a lower BMI. 
We concluded that the discrepancy mentioned above, may be due 
to the assessment of BMI as a measurement of obesity. BMI was not 
a good predictor of cycle fecundity because BMI, as an indicator of 
the severity of obesity, measured total fatness [11] and not the body 
fat mass; therefore, another measurement system was required.

In some other papers, obesity was evaluated on the basis of the 
waist-to-hip ratio, abdominal circumference [15,25], or trunk-to-leg 
fat ratio [26] along with BMI. The waist-to-hip ratio, abdominal cir-
cumference, or trunk-to-leg fat ratio were found to be more predic-
tive than BMI with respect to fecundity, particularly in studies that in-
cluded PCOS and IVF patients [25,26]. The waist-to-hip ratio is the 
most widely used measure of fat distribution patterns [7]. Zaadstra et 
al. [25] reported that an increasing waist-to-hip ratio is negatively as-
sociated with the probability of conception and concluded that the 
body fat distribution in women of reproductive age has greater im-
pact on fertility than age or obesity. The amount of body fat, particu-
larly the android kind of fat distribution, is an indicator of the hormon-
al situation and the reproductive status of women with PCOS or an-
ovulation. In the present study, PCOS and anovulatory patients were 
excluded; therefore, our results were not affected by the fat distribu-
tion. The waist-to-hip ratio describes body shape and silhouette and 
not the quantitative amount of body fat.

Body composition assessed using a BIA system may offer an alter-
native method to estimate the total body fat mass. By using body 
composition, the adverse health consequences of excess body fat are 
well documented and measurements of body fat are used in clinical 
practice [27]. BIA has been proven to be a simple, reliable method of 

assessing the total body fat mass [10]. There are many different meth-
ods to estimate the body fat mass. Hydrostatic weighing, skin-fold 
calipers, magnetic resonance imaging, and soft-tissue ultrasound 
measurement can also be used as indirect methods [28]). Dual-ener-
gy X-ray absorptiometry (DEXA) can be used as an alternative meth-
od to estimate body composition in addition to bone mineral con-
tent and density [10], but it is more expensive and the radiation ex-
posure will have to be monitored [10]. Kirchengast and Huber [7] in-
vestigated the BMI, body weight, fat distribution patterns, and body 
composition of normal-weight and underweight infertile women, by 
using DEXA rather than a BIA system. The study reported that infer-
tile young women revealed differences in body composition and fat 
distribution patterns when compared with their fertile counterparts. 
In our study, the fat mass seemed to have a greater impact on fecun-
dity than the other measures of obesity.

Our study was strengthened by the homogenous group of the un-
explained infertile patients. All subjects were ovulatory without hir-
sutism and lacked an explanatory reason for infertility.

One of the limitations of this study was its relatively small sample 
size. The obtained pregnancy rate was 15.9%, and the absolute sam-
ple size for the pregnant group (n = 47) was small.

In conclusion, an increasing body fat mass is negatively associated 
with the probability of conception per cycle; therefore, a simple meth-
od to measure the body fat mass with a BIA system will be of consid-
erable value in clinical practice. Although the method to measure the 
amount of body fat was reported to be reliable, this should be exper-
imentally validated.
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