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Abstract 

Background: Reproduction is a complex process relying on the interactions between the anatomical structure and the male and female normal reproductive 

function. Abnormal leptin levels can lead to infertility, obesity, anxiety, depression, hypertension and other cardiovascular diseases. The complex interactions 

between leptin, fertility hormones and various factors play important role in human fertility. Objective: This study was designed to determine the plasma level of 

leptin and prolactin and correlation with fertility hormones in women with infertility. Methods: This study was a case-control study conducted in 2016 between 

January and May at Gynaecology and Family Planning clinics of LAUTECH Teaching Hospital, Ogbomoso and Osogbo. A total number of 106 women each 

recruited as cases and controls after categorizing them as infertile and fertile groups respectively. Total sample of 212 respondents was obtained. Approval was 

obtained from the Ethics and Research Committee of the institution while informed consent was taken from the study participants. On the third day of the menstrual 

cycle, venous blood sample was taken from the respondents for analysis. Leptin, Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), estradiol and 

prolactin were measured. The data obtained were analyzed using the IBM Statistical Package for the Social Sciences (SPSS) software version 20.0. Level of 

significance for the study was set at p-value less than 0.05. Results: Weight and Body Mass Index (BMI) were higher in the subjects than controls and the 

differences were statistically significant (weight; p=0.029), (BMI; p=0.034) FSH (=0.005), estradiol (p=0.000) and prolactin (p=0.007). The plasma level of leptin 

was lower in subjects compared to controls and the difference was statistically significant, (p=0.000). The study found a high level of prolactin among 56.6% of the 

cases and 30.2% of the controls respectively. BMI had negative significant correlation with plasma level of estradiol (r=-0.197, p=0.044). FSH had strong and highly 

significant positive correlation with LH (r=0.875, p=0.000), while leptin shows weak and negative significant correlation with both FSH (r=- 0.246, p=0.011) and 

LH (r=-0.229, p=0.018). BMI had negative significant correlation with plasma level of estradiol (r=-0.197, p< 0.05). Conclusion: There was correlation between 

plasma level of leptin and prolactin and fertility hormones in women with infertility but the relationship is non-linear and depends largely on the underlying causes 

of the infertility. 
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Introduction 

Infertility is defined as the failure to conceive, with no contraception, after one year of regular intercourse in women <35 

years and after 6 months in women >35 years. Globally, epidemiological data suggest that about 10% to 15% of couples are 

infertile [1,2]. In Nigeria, infertility prevalence is about 12.1% and is the most frequent reason for gynecological consultations 

[3,4]. Usually, infertile couples are offered conventional treatment like ovulation induction, tubal surgery, with not too 

encouraging outcomes due to limited availability and high cost of modern technologies like in vitro fertilization [5].  

Reproduction is a complex process relying on the interactions between the anatomical structure and the male and female 

normal reproductive functions; any factor that disrupts either of the function has the potential to cause infertility [6].  

Leptin is hormone produced by Leptin (LEP) gene of white adipocytes to modulate satiety and energy homeostasis, it is also a 

product of many other tissues like gastric mucosa, mammary epithelial cell, human placenta and uterine endometrium [7,8]. 

The enhanced levels of leptin are associated with the advent of reproductive maturity and fertility [9,10]. Serum leptin plays a 

role in the maintenance of body weight, associated with several other regulatory functions in endocrine systems including the 

hypothalamic-pituitary-gonadal axis [11]. Studies have also shown the involvement of leptin in reproduction and fertility in 

both humans and animals [12,13]. Leptin can be associated with how well an embryo implants in the uterus, amenorrhea, 

irregular cycles, egg quality and In-Vitro Fertilization (IVF), IVF success rates. Abnormal leptin levels can lead to infertility, 

obesity, anxiety, depression, hypertension and other cardiovascular diseases [14,15].  

In humans, serum leptin concentration correlates with the adiposity measured either as the Body Mass Index (BMI) or as 

percentage of the body fat [16]. Leptin receptors have been identified in hypothalamus, gonadotropic cells of the anterior 

pituitary, granulose, theca and interstitial cells of ovary as well as in the endometrium, all of which are concerned with fertility 

[17,18]. The central and peripheral signals of the hypothalamic-pituitary-gonadal axis seem to play an important role in the 

action of leptin in the menstrual cycle. Although the physiological impact of the alteration in the plasma leptin during the 

menstrual cycle is uncertain, it has been established that the lowest threshold of the circulating leptin is essential for a normal 

ovulatory function [6]. Therefore, leptin clearly appears to be linked to the reproductive system, probably relaying information 

regarding the adequacy of body energy homeostasis to the prospective event of pregnancy, demonstrating the importance of 

nutritional resources to a successful pregnancy [2]. 

Hyperprolactinemia is the most common endocrine disorder of the hypothalamic-pituitary axis. The clinical presentations of 

hyperprolactinemia result from the hormonal influence on prolactin target tissue, which are predominantly the reproductive 

systems and breast tissue [19]. High prolactin levels are associated with anovulation or may directly or indirectly cause 

infertility. The prevalence of hyperprolactinemia varies in different patient populations, stays below 1% (0.4% in an 

unselected normal population) but can be as high as 17% in women with reproductive disorders [20]. Prolactin acts on the 

adipose tissue and increases leptin synthesis and secretion in rats. However, the relationship between prolactin and leptin has 

not been well established in humans. It is well documented that both hormones affect gonadotropins (FSH/LH) level in 

humans [21,22]. Several studies have found various levels of leptin, prolactin, FSH, LH and estradiol in women with 

infertility as discussed above but few of them have investigated their correlation [23,24]. This study was designed to look at 

the plasma level of leptin and its correlation with prolactin and fertility hormones in women with infertility in an effort to 

understand their roles in infertility. 
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Materials and Methods 

Study participants 

This study was a case-control study conducted in 2016 between January and May at Gynaecology and Family Planning clinics 

of LAUTECH Teaching Hospital, Ogbomoso and Osogbo. A total number of 106 women were recruited as cases and controls 

after categorizing them into infertile and fertile groups respectively using a multi-stage sampling technique (total sample 

size=212 respondents) (TABLE 1).   

 

TABLE 1. Socio-demographic profile of the respondents. 

Variables Status (%) X
2
 df p-value 

Age group  
(years) 

Subject 

(n=106) 
Control 

(106) 
Total (212) 1.3 5 0.935 

18-22 3 (2.8) 2 (1.9) 5 (2.4)  - -   - 

23-27 11 (10.4) 8 (7.5) 19 (9.0)  -  - -  

28-32 34 (32.1) 37 (34.9) 71 (33.5)  -  -  - 

33-37 34 (32.1) 31 (29.2) 65 (30.7)  -  -  - 

38-42 17 (16.0) 19 (17.9) 36 (17.0) -   -  - 

43-45 7 (6.6) 9 (8.5) 16 (7.5) -   - -  

Education 9.594 4 0.048
*
 

Primary 11 (10.4) 10 (9.4) 21 (9.9)  -  -  - 

Secondary 17 (16.0) 12 (11.3) 29 (13.7)  -  -  - 

Post-

secondary 
15 (14.2) 30 (28.3) 45 (21.2)    -  - 

University  55 (51.9) 52 (49.1) 107 (50.5)  -  -  - 

Others 8 (7.5) 2 (1.9) 10 (4.7)  - -   - 

Years of Marriage 4.475 2 0.107 

0-4 49 (46.2) 36 (34.0) 85 (40.1) -  -   - 

5-9 41 (38.7) 44 (41.5) 85 (40.1)  -  - -  

10 16 (15.1) 26 (24.5) 42 (19.8)  -  -  - 

Occupation 2.313 4 0.678 

Trader 23 (21.7) 25 (23.6) 48 (22.6) -  -   - 

Civil 

servant 
51 (48.1) 47 (44.3) 98 (46.2)  - -   - 

Full house 

Wife 
5 (4.7) 8 (7.5) 13  (6.1)  - -   - 

Student 9 (8.5) 5 (4.7) 14 (6.6)  -  -  - 

Other 18 (17.0) 21 (19.8) 39 (18.4) -  -   - 

NB: 
*
p<0.05 Significant 

 

The inclusion criteria were women aged 18¬49 years, regularly menstruating with a cycle length between 21 and 35 days. 

Also, women who presented for infertility treatment at both teaching hospitals and women attending infant welfare clinics 
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with their children and requesting for family planning services were recruited into the study. Women with previous history of 

myomectomy, oophorectomy, hysterectomy or any disease affecting the ovaries, biochemical or radiological findings 

suggestive of Polycystic Ovarian Syndrome (PCOS), diabetes mellitus and thyroid disease and those on hormone therapy or 

any drug that interferes with the menstrual cycle were excluded from the study.  

The nature of the study was explained to the respondents and signed consent forms were obtained before semi-structured 

questionnaires were administered to them. Arrangement was made thereafter for collection of day three menstrual cycle 

sample for measurement of leptin, FSH, LH, estradiol and prolactin. 

Five milliliters of venous blood was collected aseptically in eligible women on day three of the menstrual cycle into a well 

labelled serum separator gel bottle and taken to the laboratory. The blood was allowed to clot and retract. At room 

temperature, serum was separated by centrifugation at 2000 g-3000 g for 20 minutes to remove the supernatant. Then, the 

sample was stored at -20°C.  

Leptin, FSH, LH, estradiol and prolactin assays 

The samples were processed in duplicates at the Metabolic Research Laboratory of Ladoke Akintola University of 

Technology Teaching Hospital, Ogbomoso. Control sera and calibrator were included in each batch. Serum leptin was 

quantified with human leptin, Enzyme Linked Immunosorbent Assay (ELISA) kit manufactured by Span Biotech Ltd., Hong 

Kong using a double-antibody sandwich ELISA according to the manufacturer’s manual. The sensitivity of the assay was 0.01 

ng/ml.  

FSH, LH, estradiol and prolactin were quantified using ACCU-BIND IMMUNOASSAY ELISA KIT manufactured from 

Monbind Inc. Lake Forest, CA 92630, USA. The assay principles for FSH, LH and prolactin followed; two step capture or 

sandwich according to manufacturer’s manual. The estradiol assay principle was three steps and a delayed competitive 

enzyme immunoassay. After incubation, the absorbance was read at 450 nm within 30 minutes using micro-plate ELISA 

reader (LT 4000). 

Statistical analysis 

Statistical analysis was performed by using the IBM SPSS software version 20.0. Results were expressed as mean ± SD; p-

values<0.05, was considered statistically significant. Relationships among different variables of the test groups were 

compared using pearson correlation coefficient. 

 

Results 

The distribution of respondents according to age (p=0.935), years of marriage (p=0.107) and occupation (p=0.678) were not 

significantly different between the subjects and the controls. There was a statistically significant difference between the levels 

of education (p=0.048) of the cases and the controls. The study also found that the prevalence of secondary infertility was 

higher than primary infertility among the cases (FIG. 1).  
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NB: *P<0.05 Significant 

FIG. 1. Types of infertility among subjects. 

 

TABLE 2 shows the weight and BMI were higher in the subjects (74.49 ± 17.9 and 28.9 ± 7.29) than controls (69.96 ± 11.54 

and 27.13 ± 4.46) and the differences were statistically significant p-value<0.05 while the difference in their heights were not 

statistically significant (p=0.120). FSH, estradiol and prolactin were significantly higher in subjects (13.25 ± 18.41, 66.50 ± 

85.37, and 31.55 ± 57.16 respectively) compared with controls (8.1 ± 1.99, 29 ± 18.51, and 16.18 ± 7.55 respectively), p-

value<0.05. The plasma level of leptin was lower in subjects compared to controls and the difference was statistically 

significant (p-value<0.001) except for LH levels whose difference was not statistically significant. 

 

TABLE 2. Comparison of anthropometric measurements and biochemical parameters. 

Variables Subject Controls t-test p-value 

Weight (Kg) 74.49 ± 17.9 69.96 ± 11.54 2.195 0.029
*
 

Height (m) 1.59 ± 0.11 1.61 ± 0.05 -1.56 0.12 

BMI (Kg/m
2
) 28.90 ± 7.29 27.13 ± 4.46 2.135 0.034

*
 

FSH (mlu/ml) 13.25 ± 18.41 8.18 ± 1.99 2.817 0.005
*
 

LH (mlu/ml) 8.27 ± 10.32 6.63 ± 1.95 1.609 0.109 

Estradiol (pg/ml) 66.50 ± 85.37 29.25 ± 18.51 4.391 0.000
**

 

Leptin (ng/ml) 361.05 ± 377.68 712 ± 504.15 -5.737 0.000
**

 

Prolactin (ng/ml) 31.55 ± 57.16 16.18 ± 7.55 2.745 0.007
**

 

NB: 
*
p<0.05 Significant, 

**
p<0.001 Highly significant 
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The study also revealed that 56.6% of cases and 30.2% of the control had abnormal prolactin levels respectively (Normal 

range 5-20 ng/mL; (FIG. 2)) [20]. 

 

 

FIG. 2. Level of prolactin in subjects and control. 

 

TABLE 3 and 4 shows BMI had negative correlation with plasma level of estradiol which was significant (r=-0.197, p<0.05). 

FSH had strong and highly significant positive correlation with LH (r=0.875, p=0.000), while leptin showed a weak and 

negative significant correlation with both FSH (r=-0.246, p=0.011) and LH (r=-0.229, p=0.018). There were no significant 

associations between prolactin level and other parameters. 

 

TABLE 3. Correlation of anthropometric measurements and biochemical parameters in subjects. 

  BMI FSH LH Estradiol Leptin Prolactin 

BMI (kg/m
2
) r  

p 

1 -0.003 0.192 -0.197 0.023 0.077 

 - 0.974 0.097 0.044
*
 0.814 0.430 

FSH (mlU/mL) r  

 

p 

-0.003 1 0.875 0.176 -0.246 0.155 

0.974 -  0.000
**

 0.070 0.011
*
 0.113 

LH (mlU/mL) r  

p 

0.162 0.675 1 0.047 -0.229 0.119 

0.097 0.000
*
  - 0.630 0.018

*
 0.223 
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Estradiol (pg/ml) r 

p 

-0.196 0.202 0.047 1 -0.104 0.043 

0.044
*
 0.038

*
 0.630  - 0.289 0.658 

Leptin (ng/ml) r  

 

p 

0.023 -0.248 -0.229 -0.104 1 -0.047 

0.814 0.011
*
 0.018

*
 0.289  - 0.634 

Prolactin (ng/ml) r 

p 

0.077 0.155 0.119 0.043 -0.047 1 

0.430 0.113 0.223 0.658 0.634  - 

NB: 
*
p<0.05 Significant, 

**
p<0.001 Highly significant 

 

 

TABLE 4. Correlation of anthropometric measurements and biochemical parameters in control. 

  BMI FSH LH Estradiol Leptin Prolactin 

BMI (kg/m
2
) r  

p 

1 -0.003 0.162 -0.196 0.023 0.077 

 - 0.974 0.097 0.044
*
 0.814 0.430 

FSH (mlU/mL) r  

p 

-0.003 1 0.675 0.176 0.246 0.155 

0.974 -  0.000
*
 0.070 0.011 0.133 

LH (mlU/mL) r  

p 

0.162 0.675 1 0.047 -0.229 0.119 

0.097 0.000  - 0.630 0.018 0.223 

Estradiol (pg/ml) r 

p 

-0.196 0.176 0.047 1 -0.104 0.043 

0.044 0.070 0.630  - 0.289 0.658 

Leptin (ng/ml) r  

p 

0.023 -0.246 -0.229 -0.104 1 -0.047 

0.814 0.011 0.018 0.289  - 0.634 

Prolactin (ng/ml) r 

p 

0.077 0.155 0.119 0.043 -0.047 1 

0.430 0.133 0.223 0.658 0.634  - 

NB: 
*
p<0.05 Significant 

 

 

Discussion 

This study found significant association between level of education and fertility, with the subjects more educated than the 

controls. Several studies have also shown that the level of education has negative impact on fertility [25-27].  

 Suggested reason for our result may be the advanced maternal age observed particularly among women with higher 

educational attainments, which may also contribute to the reduction in their fertility levels [28,29]. A reflection of this finding 

is the definition of infertility that put six months duration of regular unprotected sexual intercourse for women above 35 years 

as against one year for women less than 35 years of age [1,30]. The prevalence of secondary infertility 84.9% was found to be 
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higher, in this study than primary infertility 15.1%. This is similar to results obtained in Enugu, South-Eastern, Nigeria and in 

Lagos, South-Western Nigeria. Where secondary infertility accounted for 76.8% and 80% respectively [31,32]. Though, this 

is different from the previous studies conducted in Morocco, North Africa and Saudi Arabia where the prevalence (67.37% 

and 78.99%) of primary infertility was found to be higher than that in secondary infertility [33,34]. This variation may be due 

to regional socio-cultural differences. 

Weight and BMI were found to be significantly high in subjects when compared with control group. Abnormal weight and 

other anthropometric profiles have been described in both men and women with infertility [35,36]. The mean values of FSH 

and estradiol were found to be significantly high in the study population. Several studies have found similar high level of FSH 

and estradiol in women with infertility. The elevated level of these hormones showed a late decline in ovarian reserves and is 

integral parts of assessment tools for ovarian reserves [37-39]. 

In this study, the mean plasma level of prolactin was found to be significantly high in subjects compared with controls, which 

is similar to findings from other studies [19,40]. Conversely, Ugwa et al. from the North-West of Nigeria found low level of 

prolactin in women with infertility [41]. The regional variations in causes of infertility among Nigerian women may account 

for the difference in the mean plasma level of prolactin obtained in our study [30]. Our study also found that over half of the 

infertile women and nearly one-third of the controls had a high level of prolactin. Endocrine disorder is one of the causes of 

infertility and hyperprolactinaemia is the commonest cause of hypothalamic-pituitary axis in the reproductive age group 

[1,19]. The high level of prolactin level seen in the current study may be because majority of the controls used were breast 

feeding mothers. Increased prolactin levels have been established among women during lactation [42].  

In this study, pearson’s correlation was used to find if there were any relationships between biochemical parameters and 

anthropometric measurements in subjects and in controls.  

 A dissimilar finding of positive correlation between BMI and estradiol was reported in another study, which was conducted 

among apparently healthy individuals and this may account for the difference observed [12]. 

The current study found a weak negative correlation between leptin level, FSH and LH and this relationship was significant. 

Few studies have also linked plasma level of leptin with fertility hormones [10,43], and the correlation depends on the 

underlying causes of infertility, BMI and the phase of menstrual cycle in the woman [13]. This may account for no correlation 

between leptin level and body fat observed in this study. A study by Mukhtiar et al showed an increase in leptin level at low 

BMI<24.9 while at high BMI there was reduction in leptin level [2]. However, BMI stratification was not done in our study. 

 No significant correlation was observed between plasma level of prolactin and other hormones. Although, high level FSH and 

LH have been observed in hyperprolactinaemia [44]. 

 

Conclusion 

In conclusion, there is correlation between plasma level of leptin, prolactin and fertility hormones in women with infertility 

but the relationship is non-linear and depends largely on the underlying causes of the infertility. 

 

Significance Statement 

The study found a non-linear association among plasma level of leptin, prolactin, estradiol, FSH and LH in women with 

infertility. In management of infertility, emphasis should be laid on the primary causes of infertility. Molecular studies may be 
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required to establish a direct relationship between leptin level and other fertility hormones in the reproductive processes of 

infertile women. 
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