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Obesity is a growing global health concern with detrimental effects on male reproductive function. Excess body 
fat disrupts hormonal balance, increases inflammation, and reduces sperm quality. Irisin, a myokine produced by 
skeletal muscle and adipose tissue, is involved in metabolism, and has potential therapeutic implications for 
obesity. Leptin, another adipokine primarily produced by white adipose tissue, regulates body composition and 
energy homeostasis. This study investigated the roles of irisin and leptin along with testosterone, FSH, and LH, in 

obese sub-fertile men to assess the relationship between irisin, leptin, and BMI on semen parameters. Ninety-one 
men aged 20-45 years were recruited and grouped based on semen analysis and BMI categories. Serum levels of 
irisin, leptin, testosterone, FSH, and LH were measured using ELISA kits. The results showed significantly higher 

irisin levels in the control group compared to all other groups, while leptin levels were significantly lower in the 
control group. Correlation analysis revealed a negative correlation between irisin levels and BMI in the normal 
weight control group, but a positive correlation in overweight and obese subgroups with varying sperm 
parameters. Leptin levels showed a positive correlation with BMI in several groups. These findings suggested that 
irisin might play a role in regulating male fertility and could be a potential therapeutic target for metabolic and 
reproductive dysfunction in obese men. Further research is necessary to unravel the complex interplay between 
irisin, leptin, and other hormones in the context of obesity and male infertility. 
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Introduction 
 
The global rise in overweight and obesity has 
reached epidemic proportions, posing a 
significant public health concern due to its 
association with various chronic diseases 
including type 2 diabetes, cardiovascular disease, 
and certain cancers [1, 2]. Beyond its impact on 
overall health, obesity has also emerged as a 
critical factor influencing male reproductive 
function [3, 4]. Excess body fat disrupts the 

delicate hormonal balance necessary for 
spermatogenesis, increases inflammation and 
oxidative stress, and ultimately reduces sperm 
quality and fertility [5, 6]. Obesity disrupts the 
hypothalamic-pituitary-gonadal (HPG) axis, the 
intricate hormonal feedback loop that regulates 
testosterone production and spermatogenesis. 
Increased aromatase activity within adipose 
tissue converts testosterone to estrogen, 
resulting in lower testosterone levels [7]. 
Additionally, leptin resistance, a hallmark of 
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obesity, impairs the sensitivity of the 
hypothalamus to leptin, leading to decreased 
gonadotropin-releasing hormone (GnRH) 
secretion and consequently reduced luteinizing 
hormone (LH) and follicle-stimulating hormone 
(FSH) production [8]. These hormonal imbalances 
disrupt spermatogenesis and impair sperm 
quality and function. 
 
Obesity is characterized by chronic inflammation, 
which contributes to male infertility through 
various mechanisms. Adipose tissue secretes 
pro-inflammatory cytokines such as tumor 
necrosis factor-alpha (TNF-α) and interleukin-6 
(IL-6), which can directly impair sperm function 
and damage testicular tissue [9]. Oxidative stress, 
an imbalance between the production of reactive 
oxygen species (ROS) and the body's antioxidant 
defenses, is another key factor in obesity-related 
male infertility. Excess ROS can damage sperm 
DNA, leading to reduced sperm motility and 
increased rates of apoptosis [10, 11]. In addition 
to hormonal imbalances and inflammation, 
obesity can also directly affect testicular 
function. Adipose tissue deposition around the 
testes, known as peritesticular adipose tissue 
(PAT), can lead to increased testicular 
temperature and reduced blood flow, impairing 
spermatogenesis [12]. Furthermore, obesity has 
been associated with increased apoptosis of 
germ cells and decreased production of inhibin B, 
a hormone that regulates FSH secretion and 
spermatogenesis [13]. 
 
Irisin, a recently discovered myokine primarily 
secreted by skeletal muscle and adipose tissue, 
has emerged as a potential link between 
metabolism and reproduction [14, 15]. Irisin is 
primarily released in response to physical activity 
and is believed to play a role in browning white 
adipose tissue, leading to increased energy 
expenditure and improved insulin sensitivity [16]. 
Studies have detected irisin in various tissues 
including the central nervous system, 
reproductive organs (seminiferous tubules, 
Leydig cells, epididymis), and cerebrospinal fluid 
[17-19]. This suggests a potential role for irisin in 
reproductive function, although its specific 

mechanisms and effects remain under 
investigation [20]. Leptin, another adipokine 
primarily produced by white adipose tissue, plays 
a crucial role in regulating body composition, 
energy homeostasis, and insulin sensitivity [21]. 
Leptin is also involved in the neuroendocrine 
control of reproduction and is essential for 
normal sexual development and function [22]. 
However, evidence suggests that the elevated 
leptin levels observed in obese individuals can 
have detrimental effects on sperm parameters 
including decreased sperm count, motility, and 
increased DNA fragmentation [23], which 
suggests a complex relationship between leptin, 
obesity, and male fertility [24]. 
 
Given the potential roles of irisin and leptin in 
both metabolic and reproductive health, this 
study aimed to investigate their levels in obese 
sub-fertile men compared to fertile controls. 
Additionally, the relationships between these 
adipokines and other reproductive hormones 
(testosterone, FSH, LH) were explored. We 
hypothesized that irisin levels would be lower 
and leptin levels would be higher in obese sub-
fertile men compared to fertile controls, and 
these adipokines would exhibit correlations with 
reproductive hormones and semen parameters. 
By elucidating these relationships, this study 
aimed to contribute valuable insights into the 
development of targeted interventions for 
improving male fertility in obese individuals. 

 
 

Materials and methods 
 
Patients Information 
Ninety-one (91) men aged 20-45 years were 
recruited for this study from private laboratories 
in Al-Hilla city, Babylon Province and Al-Najaf city, 
Al-Najaf Province in the middle region of Iraq 
between December 2022 and October 2023. The 
study protocol was approved by the Institutional 
Review Board of Ethical Committee in University 
of Babylon (Babylon, Hillah, Iraq) (Approval No. 
DST-6654). Written informed consent was 
obtained from all participants following a 
detailed explanation of the study procedures and 
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potential risks and benefits. Participants were 
divided into five groups based on semen analysis 
results according to World Health Organization 
(WHO) 2021 criteria [25], including 20 patients in 
control group (fertile men), 16 patients in 
oligospermia group (low sperm count), 16 
patientis in asthenospermia group (low sperm 
motility), 22 patients in oligoasthenospermia 
group (low sperm count and motility), 17 patients 
in normospermia group (normal semen 
parameters). Following semen analysis, all 
participants within each semen parameter group 
were further categorized based on their Body 
Mass Index (BMI) that was calculated as weight 
in kilograms divided by height in square meters. 
The three BMI categories were defined according 
to WHO classifications as normal weight group 
(BMI = 18.5 - 24.9 kg/m2), overweight group (BMI 
≥ 25 kg/m2), obese group (BMI ≥ 30 kg/m2) [26]. 
 
Blood sample collection and hormone 
measurement 
Five (5) milliliter blood samples were collected 
via venous puncturing after an overnight fasting 
between 8:00 AM and 11:00 AM. Serum levels of 
irisin, leptin, testosterone, follicle-stimulating 
hormone (FSH), and luteinizing hormone (LH) 
were measured using commercially available 
enzyme-linked immunosorbent assay (ELISA) kits 
(Pars Biochem, Nanjing, Jiangsu, China) following 
manufacturer’s instructions. 
  
Statistical analysis 
Statistical analysis was performed using SPSS 
version 23 (IBM, Armonk, New York, USA). 
Numerical data were presented as mean ± 
standard error of the mean (SEM). One-way 
analysis of variance (ANOVA) was employed to 
compare hormone levels and BMI between 
groups. Post-hoc tests with Least Significant 
Difference (LSD) correction were used for 
multiple comparisons with a significance level set 
at P < 0.05. Pearson's correlation coefficients 
were calculated to assess the relationships 
between hormonal parameters and BMI. 
 
 

Results 

Hormonal parameters 
The serum irisin levels were significantly lower in 
the obese sub-fertile men with 
oligoasthenozoospermia (12.29 ± 1.11 pg/mL) 
compared to that in the control group (20.50 ± 
2.28 pg/mL) and the normozoospermia obese 
sub-fertile men (13.42 ± 1.51 pg/mL) (P < 0.05). 
There were also significant differences in serum 
irisin levels between the control group and the 
normozoospermia obese sub-fertile men (P < 
0.05) (Figure 1A). Serum leptin levels were 
significantly higher in all obese sub-fertile men 
groups compared to that in the control group (P 
< 0.05). Obese sub-fertile men with 
oligoasthenozoospermia and 
asthenozoospermia had significantly higher 
serum leptin levels of 3.94 ± 0.32 μg/L and 4.54 ± 
0.47 μg/L compared to 2.02 ± 0.32 μg/L in control 
group (P < 0.05). Obese normozoospermia sub-
fertile men also had significantly higher serum 
leptin level of 4.59 ± 0.64 μg/L compared to that 
of the control group (P < 0.05) (Figure 1B). There 
were no significant differences in serum leptin 
levels among all obese sub-fertile men groups. 
 
Serum testosterone levels were significantly 
lower in all study groups compared to that in the 
obese normozoospermia sub-fertile men group 
(P < 0.05). Obese sub-fertile men with 
oligoasthenozoospermia, oligozoospermia, and 
asthenozoospermia had significantly lower 
serum testosterone levels of 2.61 ± 0.21 ng/mL, 
3.10 ± 0.10 ng/mL, and 3.00 ± 0.23 ng/mL, 
respectively, compared to 3.30 ± 0.18 ng/mL in 
the obese normozoospermia subfertile men 
group (P < 0.05). Control group also had 
significantly lower serum testosterone level of 
2.65 ± 0.23 ng/mL compared to that of the obese 
normozoospermia sub-fertile men (P < 0.05) 
(Figure 1C). There were no significant differences 
in serum testosterone levels among the obese 
sub-fertile men groups of 
oligoasthenozoospermia, oligozoospermia, 
asthinozoospermia, and control group (P > 0.05). 
 
Serum FSH levels showed significantly lower in 
the control group as 6.77 ± 0.50 ng/mL than that 
in  obese sub-fertile men groups  as  10.27 ± 0.37 
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Figure 1. Different hormone levels in different study groups. A. Irisin. B. Leptin. C. Testosterone. D. FSH. E. LH. Different lowercase letters denoted 
significant differences (P < 0.05) between groups. 

 
 
ng/mL in oligoasthinozoospermia, 10.22 ± 0.32 
ng/mL in oligozoospermia, 12.39 ± 1.23 ng/mL in 
asthinozoospermia, and 12.50 ± 1.34 ng/mL in 
normozoospermia (P < 0.05). Also, there was a 
significant increase in serum FSH levels in 
normozoospermia compared with 

oligoasthinozoospermia and control groups 
(Figure 1D). Serum LH levels were significantly 
lower in control group as 8.61 ± 0.43 U/mL than 
that 9.91 ± 0.37 U/mL in the obese 
asthinozoospermia subfertile men and 10.11 ± 
0.19 U/mL  in  obese normozoospermia subfertile  
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Figure 2. Relationship of serum irisin concentration (pg/mL) to BMI in different groups. A. Normal weight controls. B. Overweight oligozoospermia. 
C. Obese oligozoospermia. D. Obese normozoospermia. 

 
 
men (P < 0.05). There were no significant 
differences in serum LH levels among the control 
group and obese sub-fertile men with 
oligozoospermia (9.23 ± 0.25 U/mL) and 
oligoasthenozoospermia (8.94 ± 0.23 U/mL) 
(Figure 1E). Interestingly, obese sub-fertile men 
with asthenozoospermia had significantly higher 
serum LH level compared to that in obese sub-
fertile men with oligoasthenozoospermia (P < 
0.05). 
 
Relationship of hormonal parameters and 
fertility categories based on BMI categories 
The relationships between serum irisin 
concentration and BMI across the study groups 
were shown in Figure 2. Interestingly, the pattern 
varied depending on the weight and sperm 
parameters of the participants. In the normal 

weight control group, a weak negative 
correlation emerged, indicating that serum irisin 
levels tended to decrease slightly as BMI 
increased (Figure 2A). Conversely, the 
overweight men with oligozoospermia displayed 
a weak positive correlation (Figure 2B), 
suggesting a slight increase in serum irisin levels 
with increasing BMI. For the obese sub-fertile 
men, the correlation differed based on sperm 
parameters. Both oligozoospermia (Figures 2C) 
and normozoospermia (Figure 2D) demonstrated 
a weak negative correlation between serum irisin 
and BMI, and similar to the normal weight 
controls, their serum irisin levels tended to 
decrease slightly with increasing BMI. It's 
noteworthy that despite statistically significant 
correlations in some groups, the correlation 
coefficients across all panels of Figure 2 remained  
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Figure 3. Relationship of serum leptin concentration (µg/L) to BMI in different groups. A. Obese oligozoospermia. B. Obese asthenozoospermia. C. 
Overweight normozoospermia. 

 
 
relatively weak, which suggested a limited 
influence of BMI on serum irisin concentration in 
this study. 
 
Relationship of serum Leptin concentration to 
BMI in obese oligozoospermia group showed that 
there was a positive correlation between serum 
leptin concentration and BMI (Figure 3A). The 
equation for the regression line was y = 0.971x - 
25.28, and the correlation coefficient (R) was 
0.86. The obese asthenozoospermia group also 
showed a positive correlation between serum 
leptin concentration and BMI (Figure 3B) with the 
equation for the regression line as y = 0.965x - 
25.34, and the correlation coefficient (R) of 0.91. 
The overweight normozoospermia group showed 
the same positive correlation between serum 
leptin concentration and BMI (Figure 3C) with the 

equation for the regression line as y = 0.584x - 
12.24, and the correlation coefficient (R) of 0.87. 
In all above three groups, there was a significant 
positive correlation between serum leptin 
concentration and BMI, which suggested that, as 
BMI increased, serum leptin levels also increased. 
The correlation coefficients were all relatively 
strong, indicating a clear relationship between 
these two measures. 
 
The relationships of serum testosterone, FSH, 
and LH concentrations to BMI were as follows. 
There was a weak positive correlation between 
serum testosterone concentration and BMI in 
obese men with oligoasthenozoospermia, and 
the regression line showed a slight increase in 
testosterone levels with increasing BMI (Figure 
4A).  There  was  a  positive  correlation  between 
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Figure 4. Relationship of serum concentrations of testosterone, FSH, LH to BMI in different groups. A. Testosterone (ng/mL) in obese 
oligoasthenozoospermia. B. FSH (ng/mL) in obese control. C. LH (U/mL) in overweight asthenozoospermia. D. LH (U/mL) in obese 
normozoospermia. 

 
 
serum FSH concentration and BMI in the obese 
control group (Figure 4B), and a weak positive 
correlation between serum LH concentration and 
BMI in overweight men with asthenozoospermia 
(Figure 4C). The regression line indicated a slight 
increase in LH levels with increasing BMI.  
However, for obese men with normozoospermia, 
the correlation was weak and negative (Figure 
4D). The regression line suggested a slight 
decrease in LH levels with increasing BMI. 
Overall, the findings for testosterone and LH 
showed weak relationships with BMI, and the 
direction of the correlation depended on the 
specific groups. 
 
 

Discussion 
 

Obesity is a growing health concern worldwide 
and has been linked to numerous reproductive 
dysfunctions in men including erectile 
dysfunction, decreased libido, and abnormal 
sperm parameters [26]. Exercise interventions 
have been shown to improve erectile dysfunction 
and sperm quality in obese men [27]. Irisin, a 
myokine secreted by skeletal muscle, has 
emerged as a potential player in male 
reproduction [28]. Studies suggest that irisin may 
influence the hypothalamic-pituitary-gonadal 
(HPG) axis and spermatogenesis [29]. This study 
investigated the relationships between irisin, 
leptin, testosterone, FSH, and LH serum levels 
and semen parameters in obese sub-fertile men 
with different sperm pathologies.  
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The results of this research showed significantly 
lower serum irisin levels in obese sub-fertile men 
with oligoasthenozoospermia compared to that 
in the control group and normozoospermic sub-
fertile men, which suggested a potential role for 
irisin in spermatogenesis similar to previous 
report [30], demonstrating a correlation between 
circulating irisin levels and reproductive health. 
Hoffmann and Weigert proposed that irisin might 
enhance FSH, LH, and testosterone levels, 
thereby promoting spermatogenesis [31]. 
Interestingly, the correlation analysis in this study 
showed a negative correlation between irisin and 
BMI in the fertile control group, which aligned 
with the established role of irisin in inducing 
brown adipose tissue formation and increasing 
thermogenesis [32]. Conversely, the overweight 
oligozoospermia group displayed a positive 
correlation between irisin and BMI, which might 
be attributed to a compensatory response to 
obesity-induced metabolic dysfunction via irisin 
resistance as suggested by Ulker et al. [33]. 
Further investigation is needed to elucidate the 
complex interplay between irisin, BMI, and 
spermatogenesis. Serum leptin levels were 
significantly higher in all obese sub-fertile men 
groups compared to that in the control group. 
The results aligned with previous studies 
demonstrating a positive correlation between 
leptin and abnormal sperm morphology and 
motility. Elevated leptin levels may suppress 
testosterone production by Leydig cells, thus 
disrupting spermatogenesis [34]. Serum 
testosterone levels were significantly lower in 
fertile men but in normal range compared with 
infertile groups.  These findings were consistent 
with the results of Jiang et al. who reported no 
change in testosterone levels despite increased 
LH and FSH levels in obese male rats [35]. 
Testosterone plays a critical role in regulating 
gonadotropin secretion via a feedback loop. 
Estradiol, a metabolite of testosterone, also 
contributes to this feedback mechanism [36]. 
Possible explanations for the observed increase 
in gonadotropin levels in some infertile men 
include estradiol resistance, estradiol receptor 
mutations, or aromatase deficiency, which can 
lead to increased FSH and LH secretion [37]. 

The correlation analysis revealed a positive 
correlation between testosterone, FSH, and LH 
levels with BMI, particularly in the obese 
oligoasthenozoospermia group. This result 
aligned with previous studies suggesting a dose-
response relationship between high BMI and 
subfertility in men [38]. The mechanisms 
underlying the detrimental effects of obesity on 
male fertility are likely multifactorial and involve 
abnormal semen quality, endocrine alterations, 
sexual dysfunction, and co-morbidities [39].  
Increased oxidative stress, decreased 
mitochondrial activity, and epigenetic changes 
have been proposed as potential mechanisms by 
which obesity impairs sperm function [40].  
Furthermore, obesity can negatively impact 
testicular morphology, leading to disrupted germ 
cell arrangement, reduced sperm production, 
and thinning of the germinal epithelium [41]. Kim 
et al. demonstrated severe histological damage 
in the testes of obese mice including reduced 
seminiferous tubule area and disruption of 
spermatogenesis [42]. These detrimental 
changes can impair sperm membrane integrity 
and motility, ultimately leading to increased 
numbers of defective sperm. Alves et al. 
highlighted the role of apoptosis, a programmed 
cell death process, in maintaining normal 
testicular function and eliminating abnormal 
sperm. Obesity had been linked to increased 
apoptosis in the testes, further contributing to 
sperm dysfunction [43].  
 
One limitation of this study was the relatively 
small sample size, which warranted further 
research with larger cohorts. Additionally, the 
study was cross-sectional, and causal 
relationships between the investigated 
parameters could not be established. Future 
longitudinal studies with detailed clinical 
evaluations are needed to gain a more 
comprehensive understanding of the complex 
interactions between obesity, irisin, and male 
reproductive health.  
 
 

Conclusion 
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The findings of this study suggested that irisin 
might play a role in spermatogenesis with lower 
levels observed in obese sub-fertile men with 
oligoasthenozoospermia. Elevated leptin levels 
were associated with obesity and potentially 
contribute to impaired spermatogenesis through 
suppression of testosterone production. The 
observed alterations in gonadotropin and 
testosterone levels in some infertile men might 
be due to complex feedback mechanisms 
involving estradiol and its receptors. The positive 
correlation between BMI and testosterone, FSH, 
and LH levels in the obese 
oligoasthenozoospermia group highlighted the 
detrimental effects of obesity on male 
reproductive health. Further research is needed 
to elucidate the precise mechanisms by which 
irisin and other factors interact to influence 
spermatogenesis in obese men. Longitudinal 
studies with larger sample sizes and detailed 
clinical evaluations are crucial for developing 
effective therapeutic strategies to improve male 
fertility in the context of obesity. 
 
 

References 
 

1. Van der Klaauw A, Farooqi I. 2015. The hunger genes: pathways 

to obesity. Cell. 161(1):119-132. 

2. Esin K, Batirel S, Ülfer G, Yigit P, Sanlier N. 2023. Association of 

serum irisin levels with body composition, metabolic profile, 

leptin, and adiponectin levels in lean and obese children. 

Medicina. 59(11):1954. 

3. Bhattacharya K, Sengupta P, Dutta S, Karkada, IR. 2020. Obesity, 

systemic inflammation and male infertility. Chem Biol Lett. 

7(2):92-98. 

4. Sengupta P, Bhattacharya K, Dutta S. 2019. Leptin and male 

reproduction. Asian Pac J Reprod. 8(5):220. 

5. Waseem R, Shamsi A, Mohammad T, Hassan MI, Kazim SN, 

Chaudhary A, et al. 2022. FNDC5/irisin: Physiology and 

pathophysiology. Molecules. 27(3):1118. 

6. Boström P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, et al. 

2012. A PGC1-α-dependent myokine that drives brown-fat-like 

development of white fat and thermogenesis. Nature. 

481(7382):463-468. 

7. Perakakis N, Triantafyllou GA, Fernández-Real JM, Huh JY, Park 

KH, Seufert J, et al. 2017. Physiology and role of irisin in glucose 

homeostasis. Nat Rev Endocrinol. 13(6):324-337. 

8. Al-Mawlah YH, Asma’a HM, Abd-Alameer AM, Hadi AM, 

Abdulabbas HS, Shaheed SH, et al. 2023. Assessment of the 

specificity and stability of micro-RNAs as a forensic gene 

marker. Biomed Biotechnol Res J. 7(4):569-576. 

9. Mo L, Shen J, Liu Q, Zhang Y, Kuang J, Pu S, et al. 2016. Irisin is 

regulated by CAR in liver and is a mediator of hepatic glucose 

and lipid metabolism. J Mol Endocrinol. 30(5):533-542. 

10. Polyzos SA, Anastasilakis AD, Efstathiadou ZA, Makras P, 

Perakakis N, Kountouras J, et al. 2018. Irisin in metabolic 

diseases. Endocrine. 59:260-274. 

11. Luo Y, Zhu Y, Basang W, Wang X, Li C, Zhou X. 2021. Roles of 

nitric oxide in the regulation of reproduction: A review. Front 

Endocrinol. 12:752410. 

12. Liu Y, Ding Z. 2017. Obesity, a serious etiologic factor for male 

subfertility in modern society. Reproduction. 154(4):123-131. 

13. Al-Mawlah YH, Al-Darraji MN, Al-Imari MJ. 2022. Study of small 

non-coding RNA (miRNA) expression pattern of fertile/infertile 

male semen. Acta Inform Med. 30(3):205. 

14. Huh JY, Panagiotou G, Mougios V, Brinkoetter M, Vamvini MT, 

Schneider BE, et al. 2012. FNDC5 and irisin in humans: I. 

Predictors of circulating concentrations in serum and plasma 

and II. mRNA expression and circulating concentrations in 

response to weight loss and exercise. Metabolism. 61(12):1725-

1738. 

15. Aydin S. 2014. Three new players in energy regulation: Preptin, 

adropin and irisin. Peptides. 56:94-110. 

16. Castillo-Quan JI. 2012. From white to brown fat through the 

PGC-1a-dependent myokine irisin: implications for diabetes and 

obesity. Dis Model Mech. 5(3):293-295. 

17. Khalafi M, Sakhaei MH, Kheradmand S, Symonds ME, 

Rosenkranz SK. 2023. The impact of exercise and dietary 

interventions on circulating leptin and adiponectin in 

individuals who are overweight and those with obesity: A 

systematic review and meta-analysis. Adv Nutr. 14(1):128-146. 

18. Minokoshi Y, Kim YB, Peroni OD, Fryer LG, Müller C, Carling D, 

et al. 2002. Leptin stimulates fatty-acid oxidation by activating 

AMP-activated protein kinase. Nature. 415(6869):339-343. 

19. Aquila S, Gentile M, Middea E, Catalano S, Morelli C, Pezzi V, et 

al. 2005. Leptin secretion by human ejaculated spermatozoa. J 

Clin Endocrinol Metab. 90(8):4753-4761. 

20. Fejes I, Koloszar S, Zavaczki Z, Daru J, Szöllösi J, Pal A. 2006. 

Effect of body weight on testosterone/estradiol ratio in 

oligozoospermic patients.  Andrology. 52(2):97-102. 

21. Hammoud AO, Gibson M, Peterson CM, Meikle AW, Carrell DT. 

2008. Impact of male obesity on infertility: a critical review of 

the current literature. Fertil Steril. 90(4):897-904. 

22. Chavarro JE, Toth TL, Wright DL, Meeker JD, Hauser R. 2010. 

Body mass index in relation to semen quality, sperm DNA 

integrity, and serum reproductive hormone levels among men 

attending an infertility clinic. Fertil Steril. 93(7):2222-2231. 

23. Hofny ER, Ali ME, Abdel-Hafez HZ, Kamal EED, Mohamed EE, 

Abd El-Azeem HG, et al. 2010. Semen parameters and hormonal 

profile in obese fertile and infertile males. Fertil Steril. 

94(2):581-584. 

24. Jahan S, Bibi R, Ahmed S, Kafeel S. 2011. Leptin levels in infertile 

males. J Coll Physicians Surg Pak. 21(7):393-397. 

25. World Health Organization. 2021. WHO laboratory manual for 

the examination and processing of human semen. 6th ed. 

Geneva: World Health Organization. 



Journal of Biotech Research [ISSN: 1944-3285] 2024; 17:305-314 

 

314 

 

26. World Health Organization. 2020. Obesity and overweight. 

https://www.who.int/newsroom/fact-sheets/detail/obesity-

and-overweight.  

27. Paduch DA, Vaucher L. Obesity and sexual dysfunction in men. 

In Obesity and Gynecology. 2nd edition. Edited by Tahir AM, 

Sabaratnam A, Frank A. United Kingdom: Elsevier. 2020:105-

118. 

28. Yardimci A, Ulker N, Bulmus O, Sahin E, Alver A, Gungor IH, et 

al. 2022. Irisin improves high-fat diet-induced sexual 

dysfunction in obese male rats. Neuroendocrinology. 

112(11):1087-1103. 

29. Kelestimur H, Bulmus O, Serhatlioglu I, Ercan Z, Seyma OZER, 

Yardimci A, et al. 2021. Effects of treadmill exercise on sexual 

behavior and reproductive parameters in chronically stressed-

male rats. Physiol Res. 70(5):765. 

30. Rosety I, Rosety MÁ, Díaz A, Rosety JM, Brenes-Martín F, 

Bernardi M, et al. 2017. Exercise improved semen quality and 

reproductive hormone levels in sedentary obese adults. Nutr 

Hosp. 34(3):608-612. 

31. Hoffmann C, Weigert C. 2017. Skeletal muscle as an endocrine 

organ: The role of myokines in exercise adaptations. Cold Spring 

Harb Perspect Med. 7(11):a029793. 

32. Aydin S, Kuloglu T, Aydin S, Kalayci M, Yilmaz M, Cakmak T, et 

al. 2014. A comprehensive immunohistochemical examination 

of the distribution of the fat-burning protein irisin in biological 

tissues. Peptides. 61:130-136. 

33. Ulker N, Yardimci A, Tektemur NK, Bulmus O, Kaya SO, Bulmus 

FG, et al. 2020. Irisin may have a role in pubertal development 

and regulation of reproductive function in rats. Reproduction. 

160(2):281-292. 

34. Wahab F, Khan IU, Polo IR, Zubair H, Drummer C, Shahab M, et 

al. 2019. Irisin in the primate hypothalamus and its effect on 

GnRH in vitro. J Endocrinol. 241(3):175-187. 

35. Jiang Q, Zhang Q, Lian A, Xu Y. 2017. Irisin stimulates 

gonadotropins gene expression in tilapia (Oreochromis 

niloticus) pituitary cells. Anim Reprod Sci. 185:140-147. 

36. Luo Y, Qiao X, Xu L, Huang G. 2022. Irisin: circulating levels in 

serum and its relation to gonadal axis. Endocrine. 75(3):663-

671. 

37. Nanees F, reham HI. 2018. Role of irisin administration in 

modulating testicular function in adult obese albino rats. MJCU. 

86:4647-4655. 

38. Pérez-Sotelo D, Roca-Rivada A, Baamonde I, Baltar J, Castro AI, 

Domínguez E, et al. 2017. Lack of adipocyte-fndc5/irisin 

expression and secretion reduces thermogenesis and enhances 

adipogenesis. Sci Rep. 7(1):16289. 

39. Jia YF, Feng Q, Ge ZY, Guo Y, Zhou F, Zhang KS, et al. 2018. 

Obesity impairs male fertility through long-term effects on 

spermatogenesis. BMC Urol. 18(1):1-8. 

40. Shoukry A, Shalaby SM, ElArabi Bdeer S, Mahmoud AA, Mousa 

MM, Khalifa A. 2016. Circulating serum irisin levels in obesity 

and type 2 diabetes mellitus. IUBMB life. 68(7):544-556. 

41. Hofny ER, Ali ME, Abdel-Hafez HZ, Kamal EED, Mohamed EE, 

Abd El-Azeem HG, et al. 2010. Semen parameters and hormonal 

profile in obese fertile and infertile males. Fertil Steril. 

94(2):581-584. 

42. Kim N, Nakamura H, Masaki H, Kumasawa K, Hirano KI, Kimura 

T. 2017. Effect of lipid metabolism on male fertility. Biochem 

Biophys Res Commun. 485(3):686-692. 

https://www.who.int/newsroom/fact-sheets/detail/obesity-and-overweight
https://www.who.int/newsroom/fact-sheets/detail/obesity-and-overweight

