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Background. Leptin has an association with male infertility. However, only sporadic studies inconsistently reported the results.
Aim and Objective. In this study, we aimed to perform a meta-analysis to investigate the relationship between leptin and male
infertility. Methods. �is study was performed based on published articles related to leptin and infertile males. PubMed, Web of
Science, Google Scholar, Ovid +Cochrane Central Register of Controlled Trials, Wiley Online Library, Chinese CNKI, Chinese
Chong Qing VIP, Chinese Wan Fang, and China Biology Medicine databases were searched to identify all relevant studies. All
eligible works of literature were analyzed by the “meta” or “metan” command in STATA version 12.0 software. �e standardized
mean di�erence (SMD) of leptin concentration in serum or semen and 95% con¢dence intervals (CIs) were estimated for all
studies. �e heterogeneity was described with I2. �e sources of heterogeneity were explored via metaregression, and strati¢ed
analyses, sensitivity analyses, and publication bias were performed. Results. Nineteen studies were included in the current meta-
analysis, involving 1138 cases of infertile men and 756 controls. �e SMD of leptin concentration in serum was 2.002 (95% CI:
1.086, 2.918), Z-test (z) z= 4.29; p< 0.001, and I2 was 97.3%, p< 0.001.�e SMD of leptin concentration in semen was 3.274 (95%
CI: 2.137, 4.411), z = 5.64; p< 0.001, and I2 was 98.2%, p< 0.001. Notably, serum follicle-stimulating hormone (FSH) was slightly
higher in infertile men (SMD= 3.695, z= 2.33, p � 0.020, I2 = 98.8%, p< 0.001). Other hormones, such as luteinizing hormone
(LH) and testosterone, were also slightly higher, but the results were not statistically signi¢cant. In addition, sperm count
(SMD=−4.533, 95% CI: −6.565, −2.501) and sperm motility (SMD=−7.894, 95% CI: −10.616, −5.172) inversely correlated with
leptin levels in infertile males. Sperm abnormal forms did not show a statistically signi¢cant SMD of −0.076 (95% CI: −3.410,
3.258). Conclusion. Leptin plays a potential role in association with male infertility. �is study may e�ectively reveal the re-
lationship between leptin together with other hormones and its association with male infertility. �ese results may also provide
opinions on precautionary measures.

1. Introduction

�e proportion of infertile couples of childbearing age has
been increasing every year. Infertility a�ects roughly 15% of
couples of reproductive age, and the malefactor accounts for
20% to 50% of all cases [1, 2]. Declines in sperm concen-
tration and sperm motility have been reported in recent
years [3]. Increasing rates of obesity and metabolic

syndrome have been linked to subfertility or infertility in
men. Notably, considering progress in research on repro-
ductive physiology, studies have shown that leptin is inex-
tricably linked with reproduction, especially in male
infertility [4–6]. Leptin, an adipocyte-derived protein hor-
mone, supports the body in maintaining homeostasis [7].
Together with other adipokines, leptin is responsible for the
in¬ammatory state found in obesity and with both direct and
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indirect effects that lead to type 2 diabetes, metabolic syn-
drome, and cardiovascular disease [8]. Numerous studies
have reported that leptin plays a vital role in male fertility
dysfunction. However, there is no meta-analysis about leptin
and male fertility; thus, the relationship between leptin and
male fertility has been elusive.

Considering the sporadic prior research, we used the
updated meta-analysis to investigate the relationship be-
tween leptin concentration and the association of male
fertility dysfunction, and we aimed to provide new clues for
the etiology of male infertility.

2. Materials and Methods

2.1. Search Strategy. A systematic search of PubMed,
Embase, Web of Science, Google Scholar, Ovid +Cochrane
Central Register of Controlled Trials, Wiley Online Library,
China National Knowledge Infrastructure (CNKI), as well as
the Chinese Chongqing VIP, Chinese Wan Fang, and China
Biology Medicine (CBM) databases was conducted to dis-
tinguish all the applicable studies published on or before
June 2, 2018, with the following search strategy: (“leptin” OR
“LEP” OR “obese protein” OR “obese gene product” OR
“adipokine” OR “adipocytokine”) AND (“male infertile” OR
“male subfertile”).

2.2. Study Selection and Inclusion Criteria. In this meta-
analysis, published studies were eligible for inclusion if they
confirmed all of the following criteria: (1) the articles should
illuminate leptin with the risk of male infertility and should
contain sufficient information; (2) studies were excluded if
they were case reports, summaries, minutes of meetings,
unpublished articles, letters, and repeated documents; (3)
study design using a case-control study or cohort study; (4)
studies published in both Chinese and English were in-
cluded. As the last criterion, if there were more than two
articles from the same team, the one with a larger sample size
was included. Screening of documents was operated sepa-
rately by two researchers, eliminating differences by dis-
cussing or consulting a third party.

2.3. Data Extraction. /e following data were extracted:
name of the first author, year of publication, country, body
mass index (BMI), sample size (n), leptin test method,
materials for the test, number of cases and controls, mean
age, other hormones, and semen parameters.

2.4. Statistical Analysis. /e whole meta-analysis and pic-
tures were performed on STATA software, version 12.0. /e
aim was to clarify the relationship between leptin in serum
or semen and the risk of male infertility. Among the 19 case-
control studies, the SMD and 95% CIs were computed. /e
random-effect model was selected to evaluate statistical
heterogeneity between different trials. Subgroup analysis was
applied to analyze the relationships among 19 case-control
studies and to identify the sources of heterogeneity. A
quantified description of heterogeneity was performed based

on I2 and a pvalue of more than 0.05. I2 lower than 50% was
defined as low heterogeneity. Funnel plots were used to
assess publication bias. p< 0.05 was significant for the whole
article.

3. Results

3.1. Eligible Studies. /e procedure of the meta-analysis is
shown in Figure 1. A total of 10643 related publications were
identified based on the primary search strategy. With the
titles and abstracts being glanced over, 78 potential refer-
ences were studied for further evaluation as eligible in ac-
cordance with the earlier stated criteria. By reviewing the full
text rigorously, 58 articles were eliminated, including 7
references without sufficient information, 5 reduplicated
studies, 12 studies conducted in nonhuman tissues, in-
cludingmaterials from animals, such as pigs or rats, 4 studies
which detected serum leptin concentrations with poly-
merase chain reaction (PCR), immunohistochemistry
(IHC), and microarray, and 30 references which were not
related to leptin and male infertility. Notably, 19 references
were studied with sufficient information in this meta-
analysis, of which 12 were in English and 7 in Chinese, and a
total of 1138 cases and 756 controls were included in 19
studies (Tables 1 and 2).

3.2. Characteristics of the Study. Among all 19 studies, 10
were performed in mainland China. Among all studies,
materials were either serum or semen. Serum or seminal
leptin was detected through an enzyme-linked immuno-
sorbent assay (ELISA) based technique in 8 studies, while 11
studies used radioimmunoassay (RIA). In addition, the male
infertility types and the corresponding number of studies
were, respectively, obstructive azoospermia (OBST-NON-
OBSTAZOOs), nonobstructive azoospermia (NON-
OBSTAZOOs) [3], oligozoospermia (OZS) [2], astheno-
zoospermic [4], teratozoospermia [3], and other rare types
[5]. If a study provided more than one type of male infertility
without overall pooled results, we would choose the type
with the larger sample size. Subsequently, 7 studies provided

10643 references were identified from PubMed (149), Web of Science (76), 
Google Scholar (7890), Ovid + Cochrane Central Register of controlled Trials (2293),

Wiley Online Library (740), Chinese CNKI (132), Chinese Chong Qing VIP (15),
Chinese Wan Fang (74), China Biology, Medicine disc (14).

10643 studies excluded by tiltle and abstract: (1)
Case report: 40; (2) Researches not related to

Leptin and Male infertility: 10388; (3)
Review: 126; (4) Non-english or Chinese

literature: 11.

58 references excluded:
(1) Without sufficient information: 7; (2)

Duplicated study: 5 ;(3) Materials are animals, such
as pigs or rats:12; (4)Test methods are PCR, IHC,

Microarray: 4; (5) Researches not related to Leptin
and Male infertility: 30.

19 studies with sufficient information were
included, which have a total of 1138 cases

and 756 controls.

78 potential references were selected for
further evaluation.

Figure 1: /e flowchart of the search process with the number of
screened, excluded, and included publications.
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data about other hormones such as FSH, LH, and testos-
terone (T). /e detailed information is presented in Table 1.

3.3. Serum or Semen Leptin Concentration in Infertile Males.
/e serum or semen leptin concentration was depicted by
decimals on forest plots. /e SMD, with its 95% CI, was
estimated from 1138 cases and 756 controls based on a
random-effect model (Figures 2 and 3). /e SMD of leptin
concentration in serum was 2.002 (95% CI: 1.086, 2.918,
z� 4.29; p< 0.001), and obvious heterogeneity was found
among various articles (I2 was 97.3%, p< 0.001) (Figure 2).
/e SMD of leptin concentration in semen was 3.274 (95%
CI: 2.137, 4.411) (Figure 3) using the random-effect model,

which was statistically significant (z� 5.64; p< 0.001), and
obvious heterogeneity was found among various articles
(I2� 98.2%, p< 0.001). /e result denoted that serum or
seminal leptin in infertile males was higher than that in
normal fertile men. However, the existence of heterogeneity
could not be ignored. Stratified analysis, metaregression, and
sensitivity analysis were used to explore the source of
heterogeneity.

3.4. Serum or Semen Leptin Concentration in Subgroups.
/e studies can be classified by their materials, test method,
area, language, patient sample size, and the publication year
(Table 1, Figures 4, and 5). /e serum leptin concentration

Study
ID SMD (95% CI) Weight

(%)

Guo J (2014)
Steinman N (2001)
Hanafy S (2007)
von Sobbe HU (2003)
Einollahi N (2016)
Glander HJ (2002)
Zorn B (2007)
Gao L (2011)
Liu JO (2012)
Leisegang K (2014)
Lv BD (2009)
Jin Y (2014)
Overall (l-squared = 97.3%, p = 0.000)
NOTE:Weights are from random
effects analysis

0.24 (-0.07, 0.56)
4.09 (3.27, 4.92)
0.77 (0.30, 1.24)

-0.15 (-0.84, 0.55)
-0.25(-0.53, 0.03)
2.93 (2.22, 3.65)
3.63 (3.11, 4.15)
6.19 (5.08, 7.29)
2.54 (1.96, 3.13)
0.72 (0.09, 1.35)
1.55 (1.11, 2.00)
2.25 (1.38, 3.13)
2.00 (1.09, 2.92)

8.62
8.13
8.51
8.29
8.63
8.27
8.47
7.73
8.41
8.36
8.53
8.06

100.00

-7.29 0 7.29

Figure 2: /e SMD of leptin concentration in serum and male infertility risk. SMD: standardized mean difference. Note: weights are from
the random-effects analysis.

Study
ID SMD (95% CI) Weight

(%)

Guo J (2014)

Hofny ER (2010)

von Sobbe HU (2003)
Gao L (2011)

Leisegang K (2014)

Overall (l-squared = 98.2%, p = 0.000)
NOTE:Weights are from random
effects analysis

Wang H(2014)

Zhen JZ (2015)
Gao JX (2007)
Eionollahi N (2016)
Glander HJ (2002)
Zhang T (2014)

5.84 (4.98, 6.70)
0.99 (0.66, 1.32)
1.10 (0.35, 1.84)
3.70 (2.94, 4.46)
2.15 (1.73, 2.58)
0.38 (-0.02, 0.78)
-0.23 (-0.51, 0.05)
3.60 (2.79, 4.40)
1.36 (0.95, 1.78)
1.01 (0.37, 1.66)

31.42 (27.43, 35.41)
3.27 (2.14, 4.41)

9.30
9.73
9.42
9.41
9.68
9.70
9.76
9.36
9.69
9.51
4.44

100.00

35.40-35.4

Figure 3:/e SMD of leptin concentration in seminal and male infertility risk. SMD: standardized mean difference. Note: weights are from
the random-effects analysis.
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was higher in cases using RIA than those using ELISA
methods (SMD� 2.541 versus SMD� 1.341), but heteroge-
neity cannot be ignored (I2� 97.3%, p< 0.001). However,
the seminal leptin concentration was higher in cases using
ELISA than those using RIA methods (SMD� 4.353 versus
SMD� 2.637), but heterogeneity was still obvious
(I2 � 98.2%, p< 0.001). Simultaneously, there was no sta-
tistical significance between Europe and Africa regarding the
SMD of seminal leptin concentration. /e SMD of serum
leptin in cases in Europe (SMD� 2.146) was similar to cases
in Asia (SMD� 2.309), and the SMD of serum leptin in both
continents were higher than that in Africa (SMD� 0.751).
However, there was no statistical significance in cases in
Europe (Table 1, Figures 4 and 5).

/e SMD of serum leptin in cases in China (3.069) was
higher than that in non-Chinese regions (1.479)./e SMD of
serum leptin in large samples (>50 cases) was 1.178, and in
small samples (<50 cases), it was 2.623. However, the SMD

of seminal leptin in cases in China (1.865) was lower than
that in non-Chinese regions (4.694). /e SMD of seminal
leptin in large samples (>50 cases) was 3.910, and in small
samples (<50 cases), it was 2.342. /ere was no remarkable
difference between works of literature published before or
after 2010, with an SMD of serum leptin of 2.128 and 1.869,
respectively. In contrast, the SMD of serum leptin in works
of literature published before 2010 was much lower than that
after 2010 (1.667 versus 4.096).

3.5. Serum or Semen Leptin Concentration and Other Coex-
pression Hormones. Eight studies provided data on other
coexpression hormones (including FSH, LH, and T). /e
SMD of FSH, LH, and T was 3.695, 2.224, and −0.331, re-
spectively, whereas the results of LH and T were statistically
insignificant. /ese three coexpressions of hormones and
unignorable heterogeneity were studied. Other studies that

co-expression hormone
FSH
LH
T
Subtotal (l-squared = 79.1%, p = 0.008)

semen parameters
Sperm count (106/ml)
Sperm motility (A&B)
Sperm abnormal forms (%)
Subtotal (l-squared = 84.3%, p = 0.002)

Language
English
Chinese
Subtotal (l-squared = 64.3%, p = 0.094)

method
ELISA
RIA
Subtotal ((l-squared = 70.8%, p = 0.064)

area
Europe
Asian
Africa
Subtotal ((l-squared = 69.8%, p = 0.036)

patient sample size
<50
>=50
Subtotal (l-squared = 59.6%, p = 0.116)

Publication year
before 2010
a�er 2010
Subtotal (l-squared = 0.0%, p = 0.773)

Overal (l-squared = 88.7%, p = 0.000)

10.6-10.6 0

3.69 (0.58, 6.81)
2.22 (-0.22, 4.67)
-0.33 (-0.98, 0.32)
1.53 (-1.04, 4.11)

-4.53 (-6.57, -2.50)
-7.89 (-10.62, -5.17)
-0.08 (-3.41, 3.26)
-4.28 (-8.15, -0.41)

1.48 (0.41, 2.55)
3.07 (14.55, 4.59)
2.18 (0.63, 3.73)

1.34 (0.21, 2.47)
2.54 (1.96, 3.13)
2.04 (0.88, 3.21)

2.15 (-0.12, 4.41)
2.31 (1.06, 3.56)
0.75 (0.38, 1.13)
1.53 (0.29, 2.77)

2.62 (1.26, 3.98)
1.18 (-0.00, 2.36)
1.86 (0.45, 3.27)

2.13 (0.90, 3.36)
1.87 (0.61, 3.12)
2.00 (1.12, 2.88)

1.03 (0.22, 1.83)

ES (95% CI)
Study ID

NOTE:Weights are from random effects analysis

Figure 4: /e estimates of SMD are based on 12 eligible studies providing serum leptin concentration with their 95% CIs. Note: FSH:
follicle-stimulating hormone; LH: luteinizing hormone; T: testosterone; ELISA: enzyme-linked immunosorbent assay; RIA:
radioimmunoassay.
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provided coexpression hormones, such as prolactin (PRL)
and estrogen, had insufficient information; thus, data were
not analyzed in this study (Figures 4 and 5).

3.6. SerumorSemenLeptinConcentrationandItsRelationship
with Semen Parameters. Seven studies provided concrete
information on the semen parameters of different types of
infertile and normal males. It turned out that the sperm
count and sperm motility were obviously weaker in infertile
males than those in normal males. /e SMD of the sperm
count (106/mL) was −4.533 (95% CI: −6.565, −2.501),
z� 4.37; p< 0.001 (I2 � 98.1%, p< 0.001), and spermmotility
(A and B) was −7.894(95% CI: −10.616, −5.172), z� 5.68;
p< 0.001 (I2 � 99.0%, p< 0.001), whereas, sperm morphol-
ogy abnormal forms (%) had insignificant outcomes results,
SMD� −0.076 (95% CI: −3.410, 3.258), z� 0.04; p � 0.964
(Figures 4 and 5).

3.7. Sensitivity Analysis and Publication Bias. Sensitivity
analysis implied that each study made almost no significant
difference in the pooled effect estimate except for a study by
Hofny et al. [9]. Metaregression was performed, and no
sources of heterogeneity were observed in any of the factors,
such as test method, area, language, patient sample size, and
published year. Begg’s test was conducted, and there was
obvious publication bias with the serum and seminal leptin
concentrations (Figures 6 and 7, respectively).

4. Discussion

/e World Health Organization (WHO) has pointed out
that couples of normal childbearing age who have regular sex
without using contraceptive measures for more than 12
months resulting in conception failure can be diagnosed as
infertile. According to the survey by Esteves SC, about 10%–
15% of noncontraceptive childbearing age couples in the

co-expression hormone
FSH
LH
T
Subtotal (l-squared = 79.1%, p = 0.008)

semen parameters
Sperm count (106/ml)
Sperm motility (A&B)
Sperm abnormal forms (%)
Subtotal (l-squared = 84.3%, p = 0.002)

Language
English
Chinese
Subtotal (l-squared = 84.3%, p = 0.011)

method
ELISA
RIA
Subtotal ((l-squared = 49.6%, p = 0.159)

areaEurope
Asian
Africa
Subtotal ((l-squared = 0.0%, p = 0.628)

patient sample size
<50
>=50
Subtotal (l-squared = 53.6%, p = 0.142)

Publication year
before 2010
a�er 2010
Subtotal (l-squared = 75.6%, p = 0.043)

Overal (l-squared = 90.1%, p = 0.000)

3.69 (0.58, 6.81)
2.22 (-0.22, 4.67)
-0.33 (-0.98, 0.32)
1.53 (-1.04, 4.11)

-4.53 (-6.57, -2.50)
-7.89 (-10.62, -5.17)
-0.08 (-3.41, 3.26)
-4.28 (-8.15, -0.41)

4.69 (2.83, 6.56)
1.87 (0.72, 3.01)
3.18 (0.41, 5.94)

ES (95% CI)Study ID

NOTE:Weights are from random effects analysis

45.90-45.9

4.35 (2.49, 6.22)
2.64 (1.15, 4.13)
3.40 (1.73, 5.07)

2.34 (-0.1, 4.79)
1.98 (0.88, 3.08)

16.15 (-13.65, 45.95)
2.05 (1.05, 3.06)

2.34 (0.87, 3.81)
3.91 (2.42, 5.40)
3.12 (1.59, 4.66)

1.67 (-0.16, 3.50)
4.10 (2.62, 5.57)
2.94 (0.57, 5.32)

1.55 (0.27, 2.83)

Figure 5: /e estimates of SMD are based on 12 eligible studies providing seminal leptin concentration with their 95% CIs. Note: FSH:
follicle-stimulating hormone; LH: luteinizing hormone; T: testosterone; ELISA: enzyme-linked immunosorbent assay; RIA:
radioimmunoassay.
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world are unable to give birth because of various factors, of
which 50% are malefactors [1]. Male infertility is clinically
divided into sexual dysfunction and sexual function. /e
latter can be further divided into azoospermia, oligozoo-
spermia, asthenozoospermia, spermatogenesis, and sperm
sterility based on semen analysis. /e main causes of male
infertility are decreased semen quality, impaired sperm
production and maturation, and blockage of sperm trans-
port channels. Human fertility is linked to sperm quality and
hormonal regulation of spermatogenesis [10–12].

It has been suggested that leptin is a metabolic signal to
the reproductive system. Adipokines attract substantial in-
terest in the context of male infertility since they play a key
role in regulating energy homeostasis, and aberrant secre-
tion of adipokines is associated with the etiology of several
reproductive abnormalities [13–17].

In light of progress in research on reproductive physi-
ology, studies have shown that leptin is inextricably linked
with reproduction, especially in male infertility [18, 19].
Leptin, the product of the obese (OB) gene, is a cytokine

synthesized and secreted mainly by adipocytes [20]. It in-
hibits food intake and regulates energy metabolism by in-
ducing anorexigenic factors and suppressing orexigenic
neuropeptides [21]. /e published studies have suggested
that food consumption is associated with a transient increase
in serum leptin levels, whereas fasting reduces OB gene
expression [20]. However, serum levels of leptin can be
disturbed by other factors, such as various proinflammatory
cytokines, including tumor necrosis factor-alpha (TNF-a),
interleukin-1 (IL-1), and interleukin-6 (IL-6) [22]. It is
expressed mainly on spermatocytes in seminiferous tubules,
and its expression increases with spermatogenic dysfunction
[23]. Leptin receptors are present in testicular tissue [24].
/e mechanism of leptin action seems to be inhibition of T
secretion, as revealed in in vitro studies in the adult rat testis
[25]. /e findings regarding the secretion of leptin from
human spermatozoa accompanied by the presence of leptin
receptors on human spermatozoa and in seminal plasma
may open a novel field of study in male infertility [26, 27].

In our study, serum leptin levels were measured in
normal and infertile male subjects with different categories
of infertile patients. Significantly elevated leptin concen-
trations were observed in infertile male patients. However,
we found nonignorable heterogeneity (I2 = 96.2%) between
studies in meta-analysis. Although heterogeneity can be
considered by using the random-effect model, it would
increase the probability of type-I error. /e following factors
may have contributed to the significant heterogeneity: (1)
References from 2001 to 2016 are included./ree versions of
the WHO laboratory manual for examination and pro-
cessing were used, and criteria for human semen parameter
standards and related definitions are inconsistent, such as, in
the fifth version since 2011, “normozoospermic men” were
defined as the semen parameter as ≥15×106 million of
sperms/ml, ≥40% total motility, ≥32% progressive motility,
and ≥4% normal forms, while in the fourth version since
2006, ≥20×106 million of sperms/ml, ≥75% total motility,
≥50% progressive motility, and ≥15% normal forms.. (2)/e
inclusion criteria of the case group are also inconsistent. In
some reference experiments, only nonobstructive azoo-
spermia patients were included, while in the other reference
experiments, not only the nonobstructive patients but also
the oligoasthenoteratozoospermic patients were included.
(3) /e demographic characteristics and genetic back-
grounds were different in Europe, Asia, and African pop-
ulations. (4) /e studied infertile males showed different
types of pathogenesis. (5) /e literature published in dif-
ferent years were included in the studies. (6) /ere were
different BMIs of patients in each primary study because
obesity infertile and obese healthy males can lead to slightly
increased leptin concentration. (7) Different measuring
methods were used in the primary studies. (8) /e included
studies were of differing qualities. To identify the sources of
heterogeneity, first, we carried out a sensitivity analysis that
indicated the stability of the meta-analysis. /us, we found
that each study made almost no significant difference in the
pooled effect estimate except for a study by Hofny et al. [9].
Second, we also conducted a multivariate metaregression
analysis to assess the possible confounding factors further,
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Figure 6: Publication bias via Begg’s test based on works of the
literature providing the serum leptin concentration (continuity-
corrected: z� 2.13, p � 0.034).

Begg’s funnel plot with pseudo 95% confidence limits

-10

0

10

20

30

SM
D

.5 210 1.5
s.e. of: SMD

Figure 7: Publication bias via Begg’s test based on works of the
literature providing the seminal leptin concentration (continuity-
corrected: z� 3.27, p � 0.001).
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but the sources of heterogeneity were not observed. /e
confounding factors do not substantially affect heteroge-
neity, such as test method, area, language, patient sample
size, and published year. /erefore, we finally conducted
subgroup analyses of different specific effects. /e serum or
seminal leptin levels slightly differed between the infertile
male patients and fertile ones in subgroup analyses.
According to the Newcastle–Ottawa scale (NOS), each study
in our meta-analysis scored 6 points or more. However,
publication bias was found by performing Begg’s and Egger’s
tests [28, 29].

It is the first meta-analysis of the relationship between
serum or seminal leptin concentration and the risk for male
infertility. Nineteen studies were included in the current
meta-analysis, involving 1138 cases of infertile men and 756
controls. We found that serum or seminal leptin was higher
in infertile males than that in fertile ones. /e SMD of leptin
concentration in serum was 2.002 (95% CI: 1.086, 2.918),
z� 4.29; p< 0.001, while I2 was 97.3%, p< 0.001./e SMDof
leptin concentration in semen was 3.274 (95% CI: 2.137,
4.411), z� 5.64; p< 0.001 (I2 � 98.2%, p< 0.001), and the
leptin concentration in semen especially in fertile males was
over three-fold. Simultaneously, FSH also increased in fertile
males with statistical significance. However, the mechanism
of the contribution of leptin to male spermatogenic function
is still elusive. In this study, both seminal and serum leptin
were increased and correlated with male infertility. Some
potential effects of leptin on the male gonads have been
reported. It is suggested that leptin may regulate the se-
cretion of inhibin B or may even be related to regulating the
function of Sertoli cells. Leptin may affect both Sertoli and
Leydig cells. /ese could be some of the ways through which
it affects spermatogenesis [30].

Numerous studies have been carried out to determine
the association of leptin in the regulation of the reproductive
axis. Human fertility is associated with sperm quality and
hormonal regulation of spermatogenesis. Significantly
higher serum concentrations of leptin, FSH, and LH were
found in infertile males. In contrast, T concentrations were
found to be lower in infertile males. Inverse correlation can
be explained by the paracrine inhibitory effect of leptin, FSH,
and LH on T production by Leydig cells [12].

5. Limitations

Several limitations exist in this study and deserve discussion.
First, the number of primarily included studies was very
small. Second, the pathogenesis types of male infertility were
complicated. /e heterogeneity we found in the included
studies may be different depending on the in-study methods,
case-control selection, and statistical analysis tools. By using
a random-effect model for more estimates, we addressed
these issues. Studies that were restricted only to test methods
and leptin detection in human tissues were included. Some
studies based on animals were excluded. Notably, we could
not exclude biases even though it had evident publication
bias which was found in Begg’s test./is study indicated that
serum or seminal leptin was statistically associated with male
infertility.

6. Future Perspectives

In the present study, leptin plays a potential role in asso-
ciation with male infertility. Overall, higher leptin con-
centration in infertile males was associated with a slightly
higher sex hormone concentration, such as FSH, LH, and T,
which were inversely correlated with a lower risk of the
sperm count and sperm motility. /is result may provide an
opinion on the diagnosis of male infertility etiology and
provide a potential precautionary measure for infertile
males, especially obese man, who always has higher leptin
concentration in serum.

7. Conclusion

/is study suggests that serum and tissue leptin are asso-
ciated with male infertility. However, the role of leptin in the
regulation of the reproductive axis is still elusive. Further
study is needed to explore the mechanism of how leptin is
potentially associated with male infertility.
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