
Archives of Razi Institute, Vol. 77, No. 5 (2022) 1699-1707                                                    Copyright © 2022 by 

      Razi Vaccine & Serum Research Institute 

            DOI: 10.22092/ARI.2022.357806.2103  

1. Introduction 

Subfertility refers to the inability of a couple to 

conceive despite unprotected sexual activity without 

using any method of contraception. Data on infertility 

are scattered and vary from Asia to Latin America. 

WHO estimates the prevalence of infertility among 

couples of reproductive age at 8-12% in these countries 

(1-3). 

Leptin is a peptide hormone produced by adipose 

tissue which plays an important role in obesity and 

appetite disorders as a lipostatic factor. Leptin is 

believed to bind to specific receptors in the 

hypothalamus and signal that the stomach is full. 

Violation of this signal leads to increasing total body 

mass, blood sugar, and insulin resistance (4). Leptin 

positively affects the reproduction system in women 

through the association between energy homeostasis 

and fertility. However, excessive leptin levels may 

negatively affect fertility in women. This hypothesis 

has been proven mainly in obese women compared to 

the general population (4, 5). Leptin is bound by T-cell 

receptors in addition to neuroreceptors in the 

hypothalamus. This is supposed to be related to 

adipocytes and the immune system. Leptin acts by 

blocking neuropeptide Y and agouti-related peptides in 

addition to triggering melanocyte-stimulating hormone 

(α-MSH). Leptin must cross the blood-brain barrier as 

in interaction with the CNS by leptin receptors in  
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Abstract 

Subfertility significantly affects couples and their families and challenges obstetrics and gynecologists with 

long-term treatment. Leptin has been widely studied in different types of infertility. However, the results of 

previous studies are contradictory and the role of leptin is still debated in the reproductive process. The present 

study aimed to investigate the relationship between serum leptin concentration and some reproductive hormones 

and endometrial thickness in women with primary subfertility. The present case-control study was conducted 

from December 2020 to July 2021. A total of 100 women with primary subfertility and 100 fertile women 

participated in this study as a control group. Blood samples were collected and ultrasonography examinations 

were performed on all patients. The recorded data indicated that the mean leptin level was higher in women with 

subfertility compared to that of the control group, 26.8±15.2 ng/mL and 6.4±2.3 ng/mL, respectively (P<0.001). 

Leptin level significantly increased with a higher body mass index (P<0.001). Leptin at a level of 11 ng/ml or 

higher is a significant predictor of infertility (odds ratio=2.793). Leptin levels showed high sensitivity, 

specificity, and accuracy of 96%, 98%, and 96.9%, respectively as predictors of subfertility. As a result, a high 

leptin level was a strong and valid predictor of subfertility.  
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endothelial cells, which act as transporters (6, 7). 

Leptin is a pleiotropic molecule that is mainly produced 

by adipose tissue (8) and acts as an energy regulator (9-

11). Leptin is considered a predictor of menstrual 

function as leptin levels have been shown to vary 

during the menstrual cycle, however, its mechanism of 

action is unclear (12). Various assumptions have been 

made about the possible physiological role of placental 

leptin in regulating the function of the human 

reproductive system, ovaries, endometrium, and 

embryonic development (13, 14). Leptin binds to 

neuroreceptors in the hypothalamus and reduces levels 

of neuropeptide Y, which reduces appetite and 

signaling of adipocytes for the destruction of 

triglyceride as the attempt to release free fatty acids 

which are later used for the oxidation process, is 

affected by insulin and some cytokines (12, 15). 

Therefore, the role of leptin is clearly defined in female 

reproduction (15). In addition, leptin is thought to 

stimulate the secretion of FSH, and LH from the 

pituitary gland. In animal studies, leptin administration 

leads to the resumption of fertility (16). Leptin 

receptors have been discovered on the gonads which 

support the role of leptin and its effect on the ovaries. 

The present study aimed to investigate the relationship 

between serum leptin concentration and some 

reproductive hormones and endometrial thickness in 

women with primary subfertility.  

2. Materials and Methods 

The present case-control study was conducted from 

December 2020 to July 2021 at Kamal Al-Samarrai 

Specialized Hospital for fertility, infertility, and IVF, 

Baghdad, Iraq. 

2.1. Study Design and Sampling 

A total of 200 participants of reproductive age (15-45 

years) reffered to Kamal Al-Samarrai Specialized 

Hospital for fertility, infertility, and IVF, Baghdad, 

Iraq. Then, 100 women were identified with primary 

infertility and were included in the case group. 

Additionally, 100 healthy fertile women were included 

in the control group regarding their demographic 

characteristics. Inclusion criteria included women aged 

15-45 years with confirmed primary subfertility and the 

exclusion criteria were a history of diabetes mellitus or 

thyroid disease. Data were collected using demographic 

information, anthropometric measurements, and 

clinical parameters. 

Biochemical tests performed on the second day of the 

menstrual cycle including FSH, LH, prolactin, 

estradiol, testosterone, and leptin were performed for 

all the 200 participants. Transvaginal ultrasonography 

was performed for all participants by a professional 

radiologist to assess the endometrial thickness and 

antral follicle count (AFC). A blood sample was taken 

on day 2 or 3 to measure the levels of estradiol, FSH, 

LH, AMH, testosterone, and prolactin. All men should 

have at least one semen sample analyzed in a 

laboratory or IVF center. 

2.2. Leptin ELISA Kit  

All procedures and methods were performed according 

to the manufacturer’s instructions for the DRG Leptin 

ELISA Kit, Instruments GmbH, Germany (17). 

2.3. Statistical Analysis 

Data were analyzed for any errors or inconsistencies 

using SPSS software, IBM, and appropriate statistical 

tests. A P-value less than 0.05 is considered to be 

statistically significant. 

3. Results 

The mean age of the case and control groups was 

29.7±6.5 and 29.1±8.2 years, respectively. Both groups 

were almost identical in terms of demographic and 

anthropometric characteristics. FSH, LH, Testosterone, 

and Prolactin were significantly higher in women with 

infertility than in controls (P<0.001). Leptin level in the 

case group was 26.8 ± 15.2 ng/mL and 6.4±2.3 ng/mL 

in the control group (P<0.001) (Table 1). AMH and 

AFC were significantly lower in the case group 

compared to the control one (P<0.001) (Table 2). 

Women with female factors had lower leptin levels 

compared to other subgroups (Table 3), however, the 

difference between these subgroups was statistically 

insignificant in leptin levels (P>0.05) (Table 4). Cases 
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with normal BMI had lower leptin levels (19.4±5.6 

ng/mL) compared to the overweight (26.3±6.7 ng/mL) 

and obese subfertile women (34.7±8.9 ng/mL)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(P<0.001) (Table 5). No significant difference was 

observed in leptin levels of different age groups 

(P>0.05) (Table 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Comparison of hormonal indices, endometrial thickness and antral follicle count in the studied groups 

 

Parameters 
Case Group 

(n=100) 

Control Group 

(n=100) 
P-value 

FSH (mIU/mL) 8.2±2.9 6.3±1.7 <0.001 

LH (IU/L) 7.8±2.1 5.9±1.6 <0.001 

Testosterone (ng/mL) 0.85±0.17 0.53±0.11 <0.001 

Prolactin (ng/mL) 19.4±9.0 13.9±6.1 <0.001 

Leptin (ng/mL) 26.8±15.2 6.4±2.3 <0.001 

AMH (ng/mL) 1.7±1.2 3.0±1.8 <0.001 

AFC (per ovary) median (range) 10 (2–32) 13 (7–50) 0.015 

E2 35.7±14.5 37.6±20.7 0.451 

Endometrial thickness 4.3±1.7 4.6±2.5 0.436 

 

 

Table 2. Comparison of leptin levels between the case and control groups according to BMI 

 

BMI category 

Case Group (n=100) Control Group (n=100) 
P-value between 

Groups N 
Leptin (ng/mL) 

N 
Leptin (ng/mL) 

Mean±SD Mean±SD 

Normal 28 19.4±5.6 33 6.3±2.4 <0.001* 

Overweight 43 26.3±6.7 44 6.4±1.9 <0.001* 

Obese 29 34.7±8.9 23 6.7±1.8 <0.001* 

P-value within groups <0.001*  0.769 ns  

 

Table 3. Comparison of leptin levels according to the cause of subfertility 

 

Groups 
Number of 

Subjects 

Leptin level (ng/mL) P-value 

vs. Control Mean±SD 

Subgroup of 

the case group 

Female factors 49 26.6±16.9 <0.001 

Unexplained factors 39 26.7±13.6 <0.001 

Male and female factors 12 28.4±18.4 <0.001 

Control group 100 6.4±3.9 - 

P-value between subgroups of women with subfertility 0.935ns  

 

Table 4. Comparison of leptin levels among the case and control groups according to age 

 

 Case Group (n=100) Control Group (n=100) 
P-value between 

Groups Age (year) N 
Leptin (ng/mL) 

N 
Leptin (ng/mL) 

Mean±SD Mean 

≤20 6 26.7±9.3 7 6.0±2.9 <0.001* 

21 - 30 56 25.6±9.8 54 6.5±2.0 <0.001* 

31 - 40 33 29.0±14.9 3 6.4±2.1 <0.001* 

41 - 50 5 25.9±11.2 8 6.1±2.1 <0.001* 

P-value within groups 0.746 ns  0.912 ns  
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Bivariate correlation analysis revealed no significant 

correlation between leptin level, age, and 

anthropometric measurements except body weight and 

BMI (Table 7). None of these variables showed a 

significant correlation with leptin levels in the control 

group (P>0.05) (Table 8). Bivariate correlation 

analysis indicated nosignificant correlation between 

leptin, other hormonal indices, and endometrial 

thickness in both studied groups (P>0.05). Binary  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

regression testing revealed that 6 parameters appeared 

to be significant predictors of subfertility, however, a 

higher odds ratio (OR) has been reported with leptin 

(OR=2.793). ROC curve (Figure 1) showed that leptin 

level at a cutoff point of 11 ng/mL has a high 

sensitivity, specificity, and accuracy of 96%, 98%, 

and 96.9%, respectively with a positive predictive 

value of 98% and negative predictive value of 96.1% 

(Table 8). 

 

 

 

 

 

 

 

Table 5. Correlation of leptin with age and anthropometric measurements in women with infertility 

 

 Case Group Control Gro 

Variables R P-value R P-value 

Age 0.052 0.605 0.133 0.188 

Duration of infertility 0.042 0.678 0.187 0.722 

Thigh circumference (cm) 0.070 0.489 0.010 0.924 

Arm circumference (cm) 0.007 0.944 0.060 0.552 

Weight (kg) 0.356 0.001 0.119 0.240 

Height (cm) 0.068 0.503 0.046 0.649 

BMI 0.707 <0.001 0.071 0.481 

 

R: Correlation coefficient 

 

Table 6. Correlation of leptin with other hormonal indices and endometrial thickness in women with infertility 

 

Parameters 
Case Group Control Group 

R P-value R P-value 

FSH 0.120 0.234 0.137 0.176 

LH 0.102 0.144 0.136 0.141 

Testosterone 0.011 0.917 0.086 0.394 

AMH 0.001 0.994 0.120 0.233 

E2 0.063 0.532 0.160 0.111 

Prolactin 0.092 0.361 0.087 0.390 

AFC 0.038 0.709 0.044 0.664 

Endometrial thickness 0.013 0.899 0.058 0.568 

 

R: Correlation coefficient 

 

Table 7. Results of binary regression analysis for the predictors of subfertility 

 

Variables in the Equation Odds ratio (OR) 
95% C.I. for OR 

P-value 
Lower Upper 

FSH 1.381 0.9 2.118 0.139 

LH 1.421 1.24 1.63 0.018 

Testosterone 2.468 1.379 4.418 0.002 

Prolactin 1.182 1.049 1.333 0.006 

Leptin 2.793 1.189 6.561 0.001 

AMH 1.36 1.108 2.642 0.024 

AFC 1.067 0.926 1.229 0.369 

E2 1.026 0.955 1.101 0.487 

BMI 1.391 1.06 2.602 0.011 
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4. Discussion 

Subfertility is one of the major health problems 

worldwide which is mostly borne by women. However, 

the results of previous studies are contradictory and the 

role of leptin is still debated in the reproductive process 

(9, 18-20). In the present study, the studied groups were 

almost identical in terms of demographic characteristics 

as a homogenous population sample is an important 

factor in controlling confounders and possible bias in 

case-control studies which strengthens the results of the 

study (21). The mean leptin level in women with 

infertility and fertile women was 26.8±15.2 and 6.4±2.3 

ng/mL, respectively (P<0.001). These findings are 

consistent with those of Al-Jawadi (18) who found that 

the mean leptin level was significantly higher in 

women with infertility (39.2 ± 1.2 ng/mL) compared to 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the fertile group (35.4±0.9 ng/mL). Moreover, the 

results of the present study are in line with those 

reported by Kumari, Jaiswar (22), who found higher 

leptin levels in infertile women than those with 

infertility, however, they reported lower mean leptin 

compared to the present study which may be due to 

selecting women only with unexplained infertility. 

Baig, Azhar (16) studied the association of serum leptin 

with other hormones in women with unexplained 

infertility compared to fertile women and found no 

significant difference in serum leptin levels between 

fertile women and those with unexplained infertile. 

Also, Tafvizi and Masomi (23) documented statistically 

insignificant lower leptin levels in infertile women 

(24.89±2.93 ng/mL) compared to women with fertility 

(31.2±2.85 ng/mL). Other studies have shown an  

 

Table 8. Validity parameters of leptin level in prediction of infertility 

 

Validity parameters Value 

AUC 0.956 

Cutoff point of Leptin (ng/mL) 11.0 

Sensitivity 96.0% 

Specificity 98.0% 

Accuracy 96.9% 

Positive predictive value 98.0% 

Negative predictive value 96.1% 

 

 

Figure 1. Diagram of ROC curve for the validity of leptin level in prediction of infertility 
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inverse correlation between leptin and AMH as well as 

a stronger correlation in fertile women compared to 

those with infertility. Therefore, findings are 

contradictory regarding the correlation between AMH 

and leptin as well as the role of AMH in infertility (24). 

However, lower levels of AMH in women with 

infertility can be attributed to the reduced number of 

remaining primordial follicles (24). The present study 

found no significant differences in the levels of leptin 

among the causes of infertility which is consistent with 

the results of previous studies comparing levels of 

leptin in different causes of infertility (16, 25, 26). 

Previous studies have investigated the association 

between leptin and infertility; however, the results are 

contradictory. Chou and Mantzoros (25) stated that 

leptin concentration has no important role in the 

hypothalamic-pituitary-gonadal axisdisorders or 

hyperandrogenemia as well asin infertility and the 

regulation of ovarian function; however, it is directly 

correlated with BMI which causes infertility. Wertel, 

Gogacz (27) studied the levels of leptin in three groups 

of women according to their cause of infertility and 

concluded that leptin was not involved in the 

pathophysiology of infertility. Furthermore, leptin may 

have an inhibition effect on the ovarian sterodogenesis 

and development of ovarian follicles (15, 28). 

The present study concluded that leptin levels 

significantly increased with higher BMI in women with 

infertility, while no such correlation was observed in 

the control group. The correlation between leptin and 

body mass index is attributed to the fact that leptin is 

secreted by white adipose tissue and its level reflects 

the volume of fat in the body (15, 28). No significant 

difference was found in leptin levels when the age 

groups were compared in the case and control groups. 

However, leptin levels were significantly higher in 

women with subfertility in all age groups compared to 

the corresponding control group. Although aging is an 

important risk factor for infertility as older women are 

more likely to develop ovulation disorders, in the 

present study 95% of women with infertility were aged 

40 or younger; therefore, the correlation with age 

appeared to be not significant. Additionally, leptin 

levels proved to be declined with aging; therefore; 

higher levels of leptin in the group with infertility can 

obscure the effect of age on the levels of leptin in this 

group (29). A previous study reported no significant 

relationship between leptin and age in Chinese women 

after adjusting for BMI (30). 

The present study found no significant correlation 

between serum leptin, age, duration of infertility, and 

anthropometric variables in both studied groups. 

However, a significant positive correlation was 

reported between body weight and BMI in women 

with infertility and not in the control group. Similar to 

the findings of the present study, Al-Jawadi (18) 

found no significant relationship between leptin levels 

and obesity indices except BMI. In contrast, the 

findings are inconsistent with those reported by 

Senghor, Shivashekar (31) who found a moderate 

positive correlation between leptin and obesity indices 

including hip and waist circumference, however, other 

indices such as thigh and arm circumferences were 

included in the present study which may not reflect 

the real status of obesity. Moreover, a significant 

correlation was found between BMI and serum leptin 

among Indian women with infertility, while no such 

correlation existed among fertile women (22). No 

significant relationship was observed between leptin 

levels and any of the hormonal indices in both groups 

(P>0.05). The correlation between leptin and other 

reproductive hormones has been widely studied; 

however, the results of different studies are not all 

consistent and further research is needed (16). In the 

present study, the case group had a relatively lower E2 

level compared to fertile women. Al-Jawadi (18) 

found significantly lower E2 levels in the group with 

infertility than in the control group. Also, the results 

of the present study are in line with those of Isong, 

Okhormhe (32). In contrast, Farooq, Ullah (33) found 

a strong significant negative correlation between 

leptin levels and FSH, LH, and testosterone in fertile 

obese women and healthy males and females. Chou 

and Mantzoros (25) reported that leptin levels were 
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not correlated with levels of LH, FSH, testosterone, 

and E2. However, increasing fat mass in women with 

infertility seems to play a significant role in this 

correlation and acts as a confounder for such a 

correlation (15). Leptin has been suggested to increase 

angiogenesis and stimulate endothelial cells, however, 

the endometrium becomes unacceptable for embryo 

implantation due to a lack of leptin receptors in some 

cases with infertility at ovulation (34).  Chakrabarti, 

Chatterjee (35) found a negative (inverse) correlation 

between the level of serum leptin and endometrial 

thickness, which is inconsistent with the finding of the 

present study. In the present study, binary regression 

revealed 6 significant predictors of subfertility. Leptin 

was a stronger predictor after adjustment for other 

variables and women with leptin levels of 11 ng/mL 

or higher were about 2.8 times more likely to be 

infertile. Plenkin (36) found that failure of treatment 

could be attributed to higher levels of leptin after 

adjusting for various possible risk factors and 

hormonal levels and concluded that women with 

serum leptin levels above 15 ng/mL were significantly 

at high risk to fail to respond to treatment independent 

of other factors (22). Previous studies have attributed 

other parameters that appear to be significantly related 

to infertility to the correlation between these 

parameters from various aspects of the relationship 

between these parameters and infertility. Lin, Li (37) 

found that serum testosterone levels between 0.20-

0.27 were associated with a higher risk of subfertility 

(OR = 3.12) when AMH levels were less than 1.2; 

however, the risk significantly increased in women 

with AMH levels higher than 5 (OR = 6.54). In 

contrast, Tafvizi and Masomi (23) found no 

statistically significant difference in serum leptin 

levels between fertile women and those with infertility 

as well as leptin levels and other risk factors of 

infertility including hormone profiles and AFC. 

Hernáez, Rogne (38) found in multiple regression 

analysis that women with BMI higher than 30 kg/m2 

have 18% higher chance of subfertility. Also, they 

found higher risk in those with BMI lower than 20 

kg/m2 and concluded that a J-shaped relationship was 

observed between BMI and subfertility, while BMI 

between 23-25 kg/m² is associated with lower risk of 

subfertility. From another point of view, Musa and 

Osman (39) found that Qatari women over 35 years 

who have gained weightsince marriage and have 

irregular menstrual cycles are significant predictors of 

primary infertility with odds ratios of 3.7, 2.4 and 4.2, 

respectively. In Iran, Maharlouei, Morshed Behbahani 

(20) used logistic regression to analyze predictors of 

infertility and found that primary infertility was 

independently related to age (OR=1.37), high BMI 

(OR=1.95), smoking (OR=1.38), and higher education 

level (OR=2.23). However, in the present study, the 

effect of demographic variables was controlled in the 

phase of study design by adapting to control their 

confounding effect (21). Al Maskari and Alnaqdy (40) 

examined the relationship between leptin and obesity 

among a group of Omani women. Moreover, leptin 

was evaluated as a predictor of infertility using the 

ROC curve and a high validity parameter indicated 

that leptin could be an important predictor of 

infertility when its level exceeded 11 ng/mL with a 

sensitivity, specificity, and accuracy of 96%, 98%, 

and 96.9%, respectively as well as a positive 

predictive value of 98% and negative predictive value 

of 96.1%. Plenkin (36) reported a relatively higher 

cutoff point of 15 ng/mL for leptin above which 

women are at high risk of infertility; therefore, authors 

considered leptin as a good predictor of infertility. 

However, to the best of our knowledge, no previous 

studies was performed on validity parameters of leptin 

in predicting infertility.   

A significant variation was observed in all fertility 

hormones except estradiol between fertile women and 

those with subfertility. Leptin levels were much higher 

in women with subfertility than fertile women. A 

significant correlation was observed between high 

leptin levels and increased BMI. A high leptin level 

was a strong and valid predictor of subfertility. 
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