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ABSTRACT

Objectives: This study was designed to evaluate the interrelationship of adiposity indicators such as body mass index (BMI), waist circumference
(WC), hip circumference, waist-hip ratio and waist height ratio, body adiposity index (BAI) in obese and non-obese female individuals unable to
conceive. And also to correlate serum leptin levels with adiposity indicators in infertile females of reproductive age group.

Methods: Infertile females of reproductive age group were classified as obese and non-obese individuals based on BMI and waist-hip ratio. Serum
leptin levels were estimated and correlated with adiposity indicators using Pearson’s correlation statistical analysis.

Results: The mean age and duration of infertility were high in obese than the non-obese infertile females. Leptin showed significant positive
correlation with WC, waist hip ratio (WHR), and waist/height ratio than the routinely done BMI which had low positive correlation. BAI had mild
positive correlation with leptin.

Conclusion: WC and WHR are simple convenient non-invasive tools that can differentiate the type of obesity. Adiposity indicators guide the physician
to identify the infertile female individuals who require preliminary steps toward weight reduction before starting the right line of therapy to correct

their hormonal imbalance.
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INTRODUCTION

Infertility is growing at an alarming pace, which is a heartbreaking and
painful condition for the couples. Globally, every year 60-80 million
couples suffer from infertility as estimated of which India alone is
probably between 15 and 20 million. The incidence of female infertility
isattheriseand is currently 37% of all the infertile couples [1,2]. Obesity
is an important and common health issue in women of reproductive
age group. Although critical body mass of adipose tissue is essential for
normal female reproductive function; excess adipose tissue has shown
to result in derangement of reproductive hormones. The prevalence
of overweight and obesity is common among adolescents in rural
areas also; due to excess calorie intake and less calorie expenditure
that leads to lifestyle-related disorders [3]. Obesity and overweight
females definitely have negative impact on their reproductive health.
Studies have demonstrated that obese women experience increased
duration for spontaneous pregnancy and also pregnancy rates are
decreased [4,5].

Infertility occurs in obese women due to many reasons such as impaired
ovarian follicular development, poor qualitative oocyte, defective
fertilization, embryo development, and implantation. Anovulatory
infertility is revealed as one of the most common causes in overweight
and obese individuals. Studies have proved that anovulation is the
effect of hyperinsulinemia, insulin resistance, and hyperandrogenism
on the ovary [6].

Adipose tissue is considered as an endocrine organ that produces
various signaling molecules called adipocytokines. Adipocyte-derived
leptin is a peripheral indicator of the adequacy of nutritional status
for reproductive functions. Leptin is also produced by human ovarian
follicles. Leptin is important for normal menstrual cycle and ovulation.
A study concluded that obesity is one of the main causes of infertility that
may be controlled by regulating the leptin concentration in unexplained

infertile females [7]. In a study, overweight and women who are obese
were reported to have reduced fecundity even with regular menses [8].
Combination of various possible causes and increased circulating levels
of leptin on the granulosa and theca cell gives rise to infertility [9].
Simple effective and available investigations act as a tool in devising the
treatment strategies for the infertile patients. Taking into consideration
the pathological link between adiposity and hormonal imbalance in
obese infertile individuals, the study aims to analyze and compares the
various adiposity indicators and correlate with serum leptin levels and
to identify and focus on the useful indicators applicable as screening
tool in infertile individuals.

METHODS

This cross-sectional observational study included 60 infertile out of
82 infertile participants in the age group of 20-40 years attending the
infertility clinic of SRM Medical College Hospital and Research Centre.
The data of each patient were recorded in a pre-designed pro forma
after informed consent. A detailed history and preliminary clinical
examination were carried.

Ethical consideration

All study protocols were reviewed and approved by the Institutional
Ethical Committee (IEC: No: 963/IEC/2016). The purpose of the
protocol was explained and written informed consent was obtained
from the participants.

Anthropometric indicators

All the participant’s height, weight, waist circumference (WC), and
hip circumference (HC) were measured. Height was measured to
the nearest meter; weight was measured to the nearest 0.1 kg on an
electric scale. Body mass index (BMI) was measured with weight in kg
and height in meter (kg/m?). WC is measured with an inch tape at the
narrowest circumference of the natural waist. HC is measured around



Senghor et al.

the widest portion of the buttocks. Waist-hip ratio is calculated by
dividing WC with that of HC. It is an effective way to assess the regional
fat distribution. Waist to height ratio (WC/Ht ratio) is calculated by
dividing WC with that of height in same units. Body adiposity index
(BAI) is calculated with a formula: [hip circumference + height1.5]. As
per the classification of BAI for women based on the age 20-40 years:
BAI <21% are underweight, 21-33% is healthy, >33-38% is overweight,
and >39% is obese [10].

Inclusion criteria

Primary or secondary infertile females with the age group of
20-40 years with complaints of irregular menstrual cycles or ovulatory
dysfunction (ultrasound finding) or polycystic ovary syndrome
(According to Rotterdam’s criteria) were recruited. They were divided
as Group A infertile individuals (n=42) (BMI223) and Group B lean
infertile individuals (n=18) (BM1<22.9).

Exclusion criteria

The participants with infertile male partners, uterine anomaly, tubal
lesions, pregnancy, diabetes mellitus, hypertension, and recent
infections were excluded from the study.

Sample collection and analysis

Fasting venous samples were collected from the participants using
standard venipuncture technique. Serum was separated and stored for
further biochemical analysis. The samples were analyzed in batches
in the laboratory according to standard operating procedures within
30 min of being thawed.

Serum leptin was assayed in 96 well ELISA human leptin kit (DBC) using
a BIO-RAD ELISA reader. The limit of detection for leptin is 0.50 ng/L.

Statistical analysis

Statistical analysis was performed using SPSS software, version 21. The
results were expressed as mean+standard deviation (SD). p<0.05 was
considered as statistically significant. The correlation of leptin with
adiposity indicators in obese infertile individuals were evaluated by
Pearson correlation coefficient.

RESULTS

The 60 infertile female participants of reproductive age group were
categorized based on WHR and WC. The mean age of the infertile
individuals was 28+5 years. Among the participants, 70% were
overweight and 30% were lean infertile females.

Table 1 shows the data of Anthropometric indicators in obese and lean
infertile individuals expressed in mean and SD. The mean age (31+5.0)
years and average duration of infertility (8.2+3.48) years in obese is
increased as compared to the lean infertile individuals. Waist and HC
were increased in obese individuals and was found to be significant.
Likewise, the WC/Ht ratio and BAI showed statistically significant
p value in obese individuals (p of 0.001 and 0.014), respectively. As
expected serum leptin levels concentration was increased in obese
infertile females than the lean individuals, with statistically significant
p<0.0001.

As shown in Table 2, positive correlation of leptin with age, duration of
infertility and adiposity indicators in obese individuals were observed.
The indicators that considered HC and height such as BAI (r=+0.35) and
WC/Ht ratio (r=+0.32) showed moderately positive correlation with
leptin. Whereas, WC and WHR showed a moderately positive significant
correlation, (r=+0.49 and +0.45), respectively, with significant increase
in leptin levels.

Correlation Negative Positive
Small -0.3to-0.1 0.1t00.3
Medium -0.5t0-0.3 0.3t0 0.5
Strong -1.0 to-0.5 0.5t0 1.0
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DISCUSSION

The negative effects of obesity in reproductive life of women are a
complex and multifactorial consequence. There are various mechanisms
involved to explain the association between obesity and inability to
conceive in spite of unprotected regular sexual intercourse. The present
study has revealed that WC and WHR are important anthropometric
measurements to evaluate visceral adiposity and hormonal pattern in
obese females presenting with primary or secondary infertility.

The cross-sectional study has evaluated and compared the adiposity
indices in infertile female participants. The age of the participants with
obesity was in their early thirties and also had increased duration of
infertility that indicates the shift in the potential of conception. Female
age is an important criterion where the fertility rate decreases with the
advancementofage, decides the quality of the oocyte, reduces the chance
of conception and are associated with pregnancy complications [11].
BMI alone does not provide much information apart from the type
of obesity. Thereby along with BMI; WC, WHR, WC/Ht ratio, and BAI
provide information that characterizes women with visceral obesity
and information related to the abnormal hormonal pattern in them.

In this study, the serum leptin levels are elevated in obese individuals
as compared to their lean counterparts. This is supported by the
research work that demonstrated the linear correlation of leptin
with BMI [6]. Leptin is an adipocytokine produced by the visceral
adipose tissue that influences gonadal function through modulating
steroidogenesis in ovarian granulosa cells. Leptin has a critical role in
the control of ovulation, development of a dominant follicle and oocyte
maturation [12,13].

In individuals with increased WC, the study demonstrated increased
WHR, WC/Ht ratio, BAI, and leptin levels. Furthermore, the correlation

Table 1: Anthropometric and biochemical characteristics of
obese and lean female infertile individuals

Characteristics Obese Lean p value
infertile infertile
females females
Age 31+5.0 26+3.55 0.001**
Duration of infertility =~ 8.2+3.48 5.32+2.74 0.012**
Weight (kg) 62.6+4.6 54.9+1.6 <0.05*
Height (m) 1.56+0.024 1.59+0.026 NS
BMI 24.88+1.78 21.77+0.55 <0.05*
WC (cm) 91.89+5.95 82.72+1.19 0.005**
HC (cm) 112.03+2.86 98.45+2.06 0.002**
WHR 0.89+0.03 0.84+0.024 0.02%*
WC/Ht ratio 0.61+0.04 0.51+0.02 0.001**
BAI 38.11£1.95 30.23+£1.50 0.014**
Leptin (ng/mL) 59.58+17.65  45.43%+17.79  0.0001%**

Values are expressed in mean+standard deviation. P<0.05 is considered
significant. NS: Not significant. **Significant, ***Highly significant. WC/Ht ratio:
Waist/height ratio, BMI: Body mass index, WC: Waist circumference, HC: Hip
circumference, BAI: Body adiposity index, WHR: Waist hip ratio

Table 2: Correlation of leptin with age, duration of infertility,
WC, WHR, BAI in obese and lean female infertile individuals

Infertile individuals Obese individuals

Age (years) +0.35
Duration of infertility (years) +0.36
BMI +0.34
Wiaist circumference +0.49
WHR +0.45
WC/Ht ratio +0.32
BAI +0.35

WC/Ht ratio: Waist/height ratio, BMI: Body mass index, WC: Waist
circumference, BAI: Body adiposity index, WHR: Waist hip ratio

342



Senghor et al.

of leptin with these adiposity indices [14] adds more impact on the fact
that increase in visceral adipose tissue is associated with abnormal
hormonal pattern which is influenced by the leptin levels that affects
hypothalamic-pituitary-gonadal axis.

This is explained by the fact that increased visceral adiposity results
in defective insulin post-receptor autophosphorylation which leads
to insulin resistance. This, in turn, results in elevated insulin levels
which lower sex hormone binding globulin with increased ovarian
androgen production, elevated estradiol levels and altered luteinizing
hormone/follicle-stimulating hormone which is inextricably linked to
anovulation. The finding is consistent with the studies which proved
that obesity-related insulin resistance plays a key role in ovulatory
dysfunction [15,16]. Lifestyle modification and insulin sensitizers
lead to weight reduction and favor ovulation in individuals with upper
body obesity [17]. The significant positive correlation of leptin with
WC and WHR justifies the need of weight reduction before the right
line of treatment that includes the carrying out assisted reproductive
technology which is expensive [18]. Although serum leptin levels were
high normal in lean infertile individuals; further research work is
necessary to reveal the underlying mechanism in lean infertile female
individuals.

CONCLUSION

The study concludes that weight reduction is the only way to increase
the chance of ovulation and conception in overweight and obese women
and also help the physician to take the right holistic approach. Leptin,
WC, and WHR are better predictor of adiposity and reliable measure
than BMI alone.
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