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1  | INTRODUC TION

Infertility is a global problem which has an impact on the physical as 
well as social well‐being of infertile couples (Alam, Khan, & Rehman,  
2018). The male factors account for 20%–70% of infertility prob‐
lems (Agarwal, Mulgund, Hamada, & Chyatte, 2015). Obesity is an 
important issue worldwide that influences fertility as well (Katib, 
2015), and the incidence of obesity and infertility has been increas‐
ing globally. Various metabolic changes associated with obesity are 
glucose intolerance, insulin resistance (hyperinsulinemia), hyperlep‐
tinemia, chronic inflammation and male hypogonadism (Leisegang, 
Bouic, Menkveld, & Henkel, 2014).

Leptin, an adipocyte‐secreted protein hormone composed of 
167 amino acids, plays multiple functions in the human body, such 
as regulation of appetite, energy homeostasis and neuroendocrine 
function (Dalamaga et al., 2013; Park & Ahima, 2015). Leptin is also 
an important regulator of male reproduction by modulating the hy‐
pothalamus‐pituitary‐testes (HPT) axis (Leisegang et al., 2014). It has 
both direct and indirect effects on the HPT axis (Aquila et al., 2005). 
It acts indirectly via the central neuroendocrine system on the go‐
nadotropin‐releasing hormone (GnRH), luteinizing hormone (LH) and 
follicle‐stimulating hormone (FSH). It also has a direct local effect 
on leydig and sertoli cell function (Lampiao, Agarwal, & du Plessis, 
2009). Serum leptin levels have been found to be high in most obese 
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Abstract
Male infertility is a major health problem worldwide. We investigated a possible as‐
sociation between leptin, obesity, hormonal interplay and male infertility. This cross‐
sectional study of 313 males (178 infertile and 135 fertile) was carried out in 2017. 
The subjects were categorised by body mass index (BMI) and body fat percentage 
(BF%) into normal weight, overweight and obese. Significantly higher levels of BMI 
and BF% (p‐value < 0.001) and lower levels of FSH, LH, testosterone, and SHBG (p‐
value < 0.001) were found in infertile males. However, no significant difference was 
observed in leptin levels (p‐value = 0.35). Leptin levels were significantly higher, and 
all the sex hormones were significantly lower (p‐value < 0.001) in obese subjects, 
whereas according to BF% only leptin, FSH and SHBG were significantly different. 
Leptin showed a significant positive correlation with BMI and BF% (p < 0.001). A 
strong positive link to serum testosterone was found with age, FSH, and LH (p < 0.001) 
and a negative one with BMI and BF% (p < 0.001). In mutivariable anlaysis, after ad‐
justing for the other covariates, a significant association between FSH and testoster‐
one (p‐value <0.001) was found. Serum leptin levels did not differ significantly in 
fertile and infertile groups, and no association was found with infertility. Furthermore, 
male obesity was found to be associated with infertility with the decrease in levels of 
sex hormones.
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people and rodents with high‐fat diet ingestion for a long term 
(Wang, Zhang, Hu, & Li, 2018).

Both BMI and serum leptin levels have a positive correlation 
with abnormal sperm morphology, and a negative correlation with 
sperm concentration and motility (Einollahi et al., 2016). Hence, 
this shows a link between obesity and male infertility, mediated 
by serum leptin. Similarly, Hofny et al. proposed that leptin could 
transmit direct inhibitory signal for testicular steroidogenesis 
(Hofny et al., 2010). One of the mechanisms by which leptin af‐
fects spermatogenesis is its adverse effect on the transition of the 
histone to protamine in adult rats during spermatogenesis, which is 
a reversible process in about 8 weeks (Almabhouh & Singh, 2018; 
Almabhouh et al., 2015). Studies have also shown that leptin‐in‐
duced oxidative stress might be responsible for the decrease in 
sperm count and abnormal sperm morphology. (Agarwal, Virk, 
Ong, & du Plessis, 2014; Almabhouh et al., 2017; Wright, Milne, & 
Leeson, 2014). A recent study has also demonstrated the associ‐
ation between male infertility and genetic variability in the leptin 
gene	(Hodžić	et	al.,	2017).

Obesity itself is associated with a reduction in sperm count, 
sperm motility and abnormal morphology. It has both central and 
peripheral effects on hypothalamic–pituitary–gonadal axis, result‐
ing in hypogonadotropic hypogonadism. One of the mechanisms 
of impaired spermatogenesis in obesity is increased testicular tem‐
perature due to fat accumulation in the abdominal area, thighs and 
scrotal area (Kahn & Brannigan, 2017). In the subjects having a raised 
BMI, an association was also found with the reduction in testoster‐
one, sperm concentration and oestrogen elevation (Tunc, Bakos, & 
Tremellen, 2011). Furthermore, Stewart et al. (2009) reported signif‐
icant inverse correlations of BMI and obesity with SHBG, inhibin B 
and testosterone.

A study from Pakistan has reported a significant association 
between obesity and male infertility (Zahid, Saleem, Azam, & 
Moatter, 2015), while another study reported an association be‐
tween obesity and lower sperm parameters (Hammoud, Gibson, 
Peterson, Meikle, & Carrell, 2008). Still, there is a controversy on 
the effects of BMI on sperm characteristics and male infertility 
(Leisegang et al., 2014).

Although the intricate relationship between obesity, leptin and 
infertility has been investigated a number of times, their causal rela‐
tionship has not been elucidated. The present study investigated the 
association between serum leptin and male infertility and further 
investigated the impact of obesity and reproductive hormones on 
male fertility.

2  | MATERIAL AND METHODS

We conducted a cross‐sectional study, and after taking a writ‐
ten informed consent from the study participants, the infertile 
patients were recruited from infertility clinic in Islamabad while 
the fertile patients were recruited from general population 
through individual contacts. The sample size was calculated in 

Open Epi software version 3 based on the formula: n = (Zα + Zβ)2 
(ơ12 + ơ22)/2. We required a minimum sample size of 220 patients 
in order to achieve 80% power, with an anticipated difference in 
mean	 leptin	 levels	among	fertile	and	 infertile	males	of	−1.5	 (Von	
Sobbe, Koebnick, Jenne, & Kiesewetter, 2003) and a level of sig‐
nificance of 5%. We were successful in achieving a sample size of 
313 patients for analysis.

The fertility status of study participants in our study was based 
on semen parameters according to (WHO criteria “2010”) that is 
“sperm concentration of >20 million/ml, semen volume of >2 ml, 
motility of >50%, and morphology of >30% was considered normal” 
(Menkveld et al., 2001). Infertile patients were men with impaired 
semen parameters and fertile were men who did not have impaired 
semen parameters. The inclusion criteria for both the fertile and 
infertile were as follows: subjects aged 20–55 years and who gave 
consent to participate in the study.

The exclusion criteria for both the fertile and infertile males were 
as follows: subjects with varicocele or hyperlipidemia, who were tak‐
ing a steroid or had any chronic disease (e.g., liver/renal disease, hy‐
pertension, cardiovascular disease, diabetes, and thyroid disorder).

The institutional Ethics Review Committee of Islamabad Clinic 
Serving Infertile Couples (256‐ICSFC‐REC‐16) granted the ethical 
approval for this study. Written consent was taken from all the study 
participants.

All the data regarding the medical history and physical exam‐
ination were taken. The height and weight of all the subjects were 
measured to calculate BMI, and BF% was measured by a bioelectri‐
cal impedance analyzer. Bioelectrical impedance analyzer (BIA) was 
used for measuring the percentage of body fat of the participants. 
Bioelectric impedance analyzer is a safe, non‐invasive and portable 
device used for assessing body fat composition from the estimate 
of entire body water. Foot‐to‐foot (FF) BIA scales are much more 
convenient and are recently being used since the subject only needs 
to stand without shoes on the scale for simultaneous measurements 
of BW (body weight) and impedance across the lower limbs. Gender, 
age and height are entered manually into the system by a digital key‐
board, and the fat mass (FM) of the subject or percentage fat mass 
(% FM) is displayed immediately (Lazzer, Boirie, Meyer, & Vermorel, 
2003).

The BMI of the study participants was measured and categorised 
according to the cut‐offs for Asians, the normal weight (18–22.9 kg/
m2), overweight (23–24.9 kg/m2)	 and	 obesity	 (≥25	kg/m2) (WHO, 
2004). The cut‐offs used for BF% were normal weight (12%–22%), 
overweight (22.1%–27%) and obese (>27.1%) (Zahid et al., 2015).

Blood samples were drawn in sterile syringes by venous punc‐
ture,	 and	 serum	 was	 kept	 at	 −80°C	 for	 hormonal	 analysis.	 The	
serum levels of testosterone, LH, and FSH were assayed by Enzyme 
Immunoassay EIA kits (Amgenix International.Inc, USA). For leptin 
determination, EIA kit (AssayMax, Germany) was used, and SHBG 
was measured by the Elecsys® electrochemiluminescence plat‐
form‐based immunoassay (Roche Diagnostics, Indianapolis, IN). 
The manufacturer’s protocol was followed for the detection of 
hormones.
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Data were analysed on the Statistical Package for the Social 
Sciences (version 22.0). The categorical variables are represented by 
frequencies and percentages while quantitative variables by means 
and standard deviations/median (IQR). Hormonal levels were as‐
sessed in three groups of BMI and BF% by using one‐way ANOVA 
for normally distributed quantitative variables (such as age, FSH, LH 
and testosterone), and the Kruskal–Wallis test for non‐normally dis‐
tributed quantitative variables (such as SBHG). The correlation co‐
efficient was assessed between quantitative variables by Pearson 
correlation (for normally distributed data) and Spearman correlation 
(for non‐normally distributed data). Unadjusted and adjusted prev‐
alence ratio (PR) with 95% confidence intervals (CIs) was reported 
by using Cox Proportional Hazard Algorithm. The statistical signifi‐
cance was considered at p‐value <0.05.

3  | RESULTS

The baseline characteristics of fertile and infertile males are given 
in Table 1. About two‐thirds (70%) of the infertile males were obese 
as compared to the fertile males (49%). Similarly, the mean BF% 
was also significantly higher among infertile males as compared to 
fertile males (p‐value <0.001). Serum leptin levels in fertile and in‐
fertile subjects were not significantly different (p‐value = 0.36). The 
mean values of FSH, LH, testosterone and median SHBG were sig‐
nificantly higher (p‐value <0.001) in the fertile group as compared 
to the infertile group. The mean total sperm count, motility and nor‐
mal morphology were significantly higher among the fertile group 
as compared to the infertile group (p‐value <0.001). In the infertile 

group, 96 (71.1%) males were smokers, while in the fertile group 140 

(78.8%) were smokers (p = 0.117).
Leptin levels were higher while FSH, LH, testosterone and me‐

dian (IQR) SHBG concentrations were significantly lower in obese 
men (p‐value <0.001) as compared to normal weight and overweight 
men. About 65% of infertile men were obese as compared to 35% of 

fertile males (p‐value <0.001; Table 2).
A comparison of the clinical and biochemical data according to 

BF% of the participants is made in Table 3. According to BF%, 25 
(8%) participants were overweight (BF = 22.1%–27%) and 288 (92%) 

were	obese	(BF	≥	27.1%).
A significant positive correlation of serum leptin was found with 

BMI (p < 0.001), body fat percentage (p < 0.001) and a negative cor‐
relation with FSH (p = 0.002). However, the non‐significant negative 
correlation was found between leptin and testosterone (p = 0.096). A 
strong positive link of serum testosterone was found with age, FSH, 
and LH (p < 0.001) and negative with BMI and BF% (p < 0.001; Table 4).

Our results showed no significant association between leptin 
and infertility on univariate and multivariate analysis. Moreover, 
with every one‐unit increase in age, FSH, LH, testosterone and 
SHBG, the chances of being infertile decreased significantly by 
4.7%, 20%, 15.7%, 22.4% and 6.9%, respectively. It was also ob‐
served that with one‐unit rise in BMI the chances of being infertile 
increased by 6.9%, and with every unit increase in BF%, the chances 
of being infertile increased by 3.1%. The obese males were 1.604 
times more likely to be infertile as compared to normal weight 

(Table 5).
In multivariate analysis, there was a significant relationship be‐

tween FSH and testosterone at p‐value <0.001. Hence, with every 

Factors Infertile (n = 178) Fertile (n = 135) p‐Value

Leptin (ng/ml), Mean ± SD 12.62 ± 6.74 12.00 ± 5.05 0.359

Age (years), Mean ± SD 33.74 ± 5.67 37.65 ± 6.12 <0.001*

FSH (mIU/ml), Mean ± SD 3.41 ± 1.97 6.31 ± 2.50 <0.001*

LH (mIU/ml), Mean ± SD 5.45 ± 2.90 9.96 ± 2.58 <0.001*

Testosterone (ng/ml), Mean ± SD 3.35 ± 1.92 8.16 ± 1.38 <0.001*

BMI (in kg/m2)

Normal weight (18–22.9) 28 (15.7%) 41 (30.4%) <0.001*

Overweight (23–24.9) 25 (14.0%) 27 (20.0%)

Obese	(≥25) 125(70.2%) 67 (49.6%)

BMI (Mean ± SD) 26.67 ± 3.59 24.76 ± 3.08 <0.001*

BF (%), Mean ± SD 34.37 ± 4.66 32.97 ± 4.06 0.006*

SHBG Median (IQR) 15.44 (12.06–18.95) 32.06 (25.98–30.71) <0.001*

Total sperm Count (TC Millions/
ml), Mean ± SD

73.86 ± 57.087 95.42 ± 48.472 <0.001*

Percentage motility (Mean ± SD) 52.82 ± 26.976 65.21 ± 14.794 <0.001*

Rapid linear progression 
(Mean ± SD)

1.37 ± 5.050 1.75 ± 5.747 0.54

Percentage Normal morphology 
(Mean ± SD)

4.84 ± 4.20 6.12 ± 4.00 0.007*

*Significant at p value <0.05. 

TA B L E  1   Clinical, biochemical and 
semen characteristic of fertile and 
infertile males
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Variables

BMI status (in kg/m2)

Normal weight 
(18–22.9) 
n = 69

Over weight 
(23–24.9) 
n = 52

Obese (≥25) 
n = 192 p Value

Leptin (ng/ml), Mean ± SD 6.16 ± 3.22 9.22 ± 5.26 15.43 ± 4.81 <0.001*

Age (years), Mean ± SD 34.97 ± 6.30 35.21 ± 6.16 35.65 ± 6.15 0.709*

FSH (mIU/ml), Mean ± SD 5.82 ± 3.06 5.16 ± 2.44 4.12 ± 2.36 <0.001*

LH (mIU/ml), Mean ± SD 8.32 ± 3.25 8.56 ± 3.45 6.75 ± 3.55 <0.001*

Testosterone (ng/ml), 
Mean ± SD

6.38 ± 2.83 6.34 ± 2.63 4.83 (2.90) <0.001*

Body fat (%) 27.99 ± 2.49 31.47 ± 1.52 36.45 ± 2.98 <0.001*

SBHG Median(IQR) 23.955 ± 3.18 24.02 ± 23.92 18.95 ± 12.43 <0.001*

Fertility status = n (%)

Infertile 28 (40.6) 25 (48.1) 125 (65.1) <0.001*

Fertile 41 (59.4) 27 (51.9) 67 (34.9)

*Significant at p value <0.05. 

TA B L E  2   Clinical and biochemical data 
analysis between the groups based on the 
BMI status of the study participants

Variables

Body fat %

Over weight (n = 25) 
(22.1%–27%)

Obese (n = 288) 
(≥27.1%) p Value

Leptin (ng/ml), Mean ± SD 5.30 ± 3.32 12.94 ± 5.91 <0.001*

Age (years), Mean ± SD 31.95 ± 3.61 35.72 ± 6.23 <0.001*

BMI (kg/m2)

Normal weight (18–22.9) 25 (100) 44 (15.3) <0.001*

Overweight (23–24.9) 0 52 (18.1)

Obese	(≥25) 0 192 (66.7)

BMI (kg/m2), Mean ± SD 19.47 ± 0.98 26.40 ± 3.09

FSH (mIU/ml), Mean ± SD 6.20 ± 3.19 4.53 ± 2.54 0.004*

LH (mIU/ml), Mean ± SD 7.53 ± 3.23 7.34 ± 3.55 0.812

Testosterone (ng/ml), 
Mean ± SD

6.15 ± 3.15 5.34 ± 2.90 0.208

SBHG Median (IQR) 25.98 ± 54.73 20.77 ± 15.81 0.198

Fertility status

Infertile 10 (40.0) 168 (58.3) 0.093

Fertile 15 (60.0) 120 (41.7)

*Significant at p value <0.05. 

TA B L E  3   Comparison of the clinical 
and biochemical data according to Body 
fat % of the participants

Variables

Correlation coefficient of serum 
leptin 
r (p‐value)

Correlation coefficient of serum 
testosterone 
r (p‐value)

Age 0.145 (0.01) 0.243 (<0.001)

BMI 0.572 (<001) −0.288	(<0.001)

FSH 0.179 (0.002) 0.472 (<0.001)

LH −0.066	(0.243) 0.903 (<0.001)

Testosterone −0.094	(0.096) 1

BF 0.585 (<0.001) −0.194	(<0.001)

Leptin 1 −0.094	(0.096)

Note. r: Correlation coefficient.

TA B L E  4   Correlation of serum leptin 
and testosterone with other variables
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one‐unit increase in testosterone, the FSH led to a 5.2% decrease in 
infertility. Therefore, testosterone interacted with FSH in its effect 
on infertility (Table 6).

4  | DISCUSSION

Male fertility has been linked to leptin by a number of studies but the 
exact causal relationship has not been established. Risk factors like 
obesity are a rising epidemic in men of reproductive age and are not 
only causing but also aggravating infertility.

Our results showed no significant difference in serum leptin 
level in the fertile and infertile groups. In contrast to our results, 
few studies have reported higher leptin levels in infertile male pa‐
tients (Farooq, Lutfullah, & Ahmed, 2014; Jahan, Bibi, Ahmed, & 
Kafeel, 2011) while few other studies demonstrated results sim‐
ilar to our study (Dayer, Nikbakht, & Elyaderani, 2013; Tafvizi & 
Masomi, 2016). The inconsistency of results could be due to the 
difference in sample size, the use of different kits and variation in 
the dietary customs and lifestyles of different nations (Tafvizi & 
Masomi, 2016).

The absence of significant difference in serum leptin levels in 
both groups shows that serum leptin is not involved in the process 
of fertility among male subjects. However, it is possible that by some 
indirect mechanism it may influence the process of fertility.

In this study, both BMI and BF% are observed to be significantly 
higher in infertile males as compared to fertile males. Obesity in‐
fluences male fertility through various mechanisms, which include 
obesity‐related hypogonadism, reduced spermatogenesis and erec‐
tile dysfunction (Chambers & Richard, 2015). In our study, obese 
individuals exhibited a decrease in testosterone levels. This finding 
can be explained based on the fact that in obese subjects there is 
more aromatase activity that converts testosterone to estradiol, 
thus causing hypoandrogenemia and increased oestrogen levels that 
change the negative feedback system in hypothalamic and pituitary 
area (Akinloye & Truter, 2011; Chambers & Richard, 2015).

Our results showed that serum leptin concentrations were sig‐
nificantly higher and the values of FSH, LH, testosterone and SHBG 
were significantly lower in obese men as compared to normal‐weight 
and overweight men. These results are consistent with another 
study, which connect the leptin and sex hormones in obese infertile 
males (Farooq, Ullah, & Ishaq, 2013). It is possible that leptin inhibits 
steroid production in testicles that elucidate the link between hyper‐
leptinemia, decreased gonadotrophins and testosterone production 
in obese males, as has been documented (Hausman, Barb, & Lents, 
2012; Hofny et al., 2010).

The current study has shown a significant positive relationship 
of leptin with BMI and BF%. Other studies have also reported a 
positive correlation of BMI with leptin levels (Farooq et al., 2014). 
Also, we found that BMI and serum testosterone were negatively 

Factors
Unadjusted Prevalence 
Ratio (PR) 95% CI p Value

Leptin (ng/ml) 1.007 0.983–1.032 0.558

Age (in years) 0.953 0.929–0.978 <0.001*

FSH (in mIU/ml) 0.796 0.740–0.855 <0.001*

LH (in mIU/ml) 0.843 0.805–0.882 <0.001*

Testosterone (in ng/ml) 0.776 0.735–0.820 <0.001.*

BMI (in kg/m2)

Normal weight (18–22.9) 1 0.047*

Overweight (23–24.9) 1.185 0.691–2.032

Obese	(≥25) 1.604 1.065–2.417

BMI 1.069 1.026–1.114 0.002*

BF (%) 1.031 0.998–1.066 0.07*

SHBG 0.931 0.912–0.950 <0.001*

*Significant at p value <0.25. 

TA B L E  5   Univariate analysis for clinical 
and biochemical factors associated with 
male infertility

Factors Beta Wald

Adjusted 
Prevalence 
Ratio (PR) 95% CI p Value

Leptin (ng/ml) −0.007 0.383 0.993 0.970–1.016 0.536

FSH (mIU/ml) 0.095 2.045 1.099 0.966–1.251 0.153

Testosterone (ng/ml) −0.003 0.002 0.997 0.875–1.137 0.967

FSH × Testosterone −0.054 12.894 0.948 0.920–0.976 <0.001*

Note. After adjusting, age, BMI, body fat percentage.
*Significant at p value <0.1. 

TA B L E  6   Multivariable analysis 
biochemical factors associated with male 
infertility
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correlated and a similar correlation has also been reported by other 
studies (Farooq et al., 2013; Zohdy, Kamal, & Ibrahim, 2007).

Our study has shown a significant decrease in FSH, LH tes‐
tosterone and SHBG levels among infertile males as compared to 
fertile males; results are similar to another study (Farooq et al., 
2013). This may be because both physical and nutritional support 
to the developing germ cells is provided by sertoli cells through 
direct contact, as a developing germ cell adheres to sertoli cells 
(Martins et al., 2015). Sertoli cell function is mainly regulated by 
testosterone; thus, decreased testosterone affects spermatids and 
decreases sperm counts (Palmer, Bakos, Fullston, & Lane, 2012). 
However, Inhibin B, FSH/LH ratios and SHBG levels are also in‐
volved in the regulation of sertoli cell function (Teerds, De Rooij, & 
Keijer, 2011). Hence, a decrease in FSH, LH testosterone and SHBG 
levels among infertile males can be explained by the role of hor‐
mones in spermatogenesis.

Our results showed that serum leptin level is not directly related 
to infertility. However, serum FSH, LH, testosterone and SHBG 
were significantly lower in infertile subjects. Additionally, the ma‐
jority of the infertile subjects were obese and had increased BF%. 
However, the exact underlying mechanism is still uncovered. It has 
been suggested in the literature that leptin and its receptors can 
directly regulate the metabolic condition of sertoli cells, thus influ‐
encing spermatogenesis (Martins et al., 2015), and this could be one 
of the possible links between male infertility and obesity. The oxi‐
dative stress, as well as hormonal and metabolic changes, increases 
with adiposity in infertile men; however, infertility could recover if 
adiposity is treated adequately in infertile men (Lozano‐Hernández, 
Gualdrón, Camejo, Velasco, & Villavicencio, 2017).

There are a few limitations to our study. It is a single‐centred 
study. But since it has a huge load of infertile couples seeking in‐
fertility treatment as compared to the other infertility centres, we 
can generalise our results to patients presenting at other centres in 
Pakistan. Moreover, it was a cross‐sectional study and patients’ sam‐
ples were collected only once. Furthermore, it is also possible that 
the vast age range could have compromised some of the reproduc‐
tive indices. However, follow‐up studies should be done in the future 
to establish temporality.

5  | CONCLUSIONS

Serum leptin levels did not differ significantly in the fertile and 
infertile groups, and no association was found with infertility. 
Furthermore, male obesity was found to be associated with infertil‐
ity with the decrease in levels of sex hormones.

It is thus recommended to disseminate awareness about lifestyle 
modifications to counteract obesity/infertility as a serious public 
health problem in developing and developed countries. This would 
help in the improvement of obesity parameters, which would decrease 
the chances of male infertility and improve the health of the offspring.

However, there is need for further exploration of the causes of 
infertility in obese infertile males.
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