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Abstract
Meta-analysis with high-quality studies can provide superior evidence. In this paper, we use meta-analysis to analyze the
relationship between cadmium (Cd) content in semen and male infertility, and then objectively evaluate the effect of Cd on
sperm quality. The objectives of this study were to update our understanding of infertility and to provide evidence to treat and
prevent the infertility. We searched potentially relevant studies that were published from establishing database data to April 2018.
Articles came from the databases of CNKI, Wanfang, VIP, PubMed, CMCI, and EMBASE. A total of 11 articles were included.
We gathered the mean and variance of the infertility group and the control group to compare the Cd content in two groups. In
total, the 11 studies include 1707 subjects, 1093 of which were in the infertility group and 614 of which were in the control group.
We can get some information from this meta-analysis: SMD= 0.50 (95%Cl 0.39–0.61), Z = 8.92, P < 0.05; the funnel plot of the
meta-analysis shows incomplete symmetry, which may have the publication bias. Therefore, the high content of Cd in semen is a
causative factor of infertility. The Cd content in semen can be used as an indicator of sperm quality.
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Introduction

Infertility generally refers to the couples of childbearing age
who do not have contraception, but have no kids of their own
for 1 year or longer after marriage (Agarwal et al. 2010).
According to WHO’s findings in 2008, the incidence rate of
infertility was about 15% in childbearing couples all over the
world; the incidence of male infertility accounts for 30% in
infertility couples (Pritts et al. 2009). Male infertility is divid-
ed into sexual dysfunction and normal sexual function in

clinical; the latter can be further divided into azoospermia,
asthenospermia, and sperm number normal infertility accord-
ing to the result of semen analysis (Frühmesser et al. 2013;
Lotti and Maggi 2018). Today, male infertility can be cured
and multiple pathogenic factors of infertility have been found,
but infertility still exists (Kefer et al. 2010). Therefore, it is
important to update our understanding of the infertility etiol-
ogy, which can be used to prevent and treat this disease. In
these hypotheses, trace element plays an important role in
reproductive system diseases (Saglam et al. 2015). After
searching for a series of literatures on trace element and repro-
ductive system, we decided to study the association between
Cd content in semen and infertility.

Cd is a kind of rare element in nature, which was first found
by F. Strohmaier in 1817. Cdwas mainly applied in the nickel-
cadmium battery, pigment, painting, and plastic production
since 1960 (Bulat et al. 2009; Chen et al. 2018). Although
Cd plays an important role in industry, it is a toxic metal;
excess Cd in the human body will lead to chronic poisoning.
Usually, we believe that when the concentration of cadmium
in the blood of patients is greater than 30 μg/L, it is chromium
poisoning (Li et al. 2017; Semczuk and Semczuksikora 2001)
(Yang et al. 2013). Today, with the strong demand for pollu-
tion control and health, more and more researches on Cd have
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been carried out. In some animal experiments, male rats were
exposed to Cd by feeding or injecting different doses of chro-
mium chloride; these rats were used to compare their Cd con-
tent, enzyme activity, and the amount of spermatogenesis in
the testis. Stained histological sections of testes and epididy-
mis of the CdCl2-treated group reveal a degradation of the
seminiferous tubules and deformity in spermatogenesis as
well as absence of spermatozoa; a decrease in the seminal
vesicular secretion was noted in CdCl2-treated mice
(Bataineh et al. 1997; Oguzturk et al. 2012) (Ponnapakkam
et al. 2003). In some regional surveys, the size of the testicles,
the amount of semen, the percentage of immature spermato-
cyte, and other data weremeasured as reproductive parameters
by controlling the physical condition and diet (Laskey et al.
1986). These findings suggest that the rise of Cd content in
semen can lead to infertility. Therefore, we made a systematic
analysis of these findings to illustrate the reliability of this
result. Meta-analysis is a kind of systematic review and a
research process (Keene et al. 2012; DerSimonian and Laird
1986). It combines the results of several studies in the same
subject, determines the average level of different studies, eval-
uates the conclusion of different researches, and casts about
for new hypotheses and research ideas (HM et al. 2014). So
far, no one has discussed Cd content and infertility from the
perspective of meta-analysis. In this paper, we reported a
meta-analysis of published articles to assess the association
between Cd and infertility, which was based on the definition
of causation in evidence-based medicine to update our under-
standing of Cd and the etiology of infertility and provide qual-
ity evidence for Cd surveillance, prevention, and infertility
treatment.

Data acquisition

Data sources

Meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines. We searched for potentially relevant
studies that were published from establishing database data to
April 2018. Articles came from the databases of CNKI (China
National Knowledge Infrastructure), Wanfang (Wanfang Data
Knowledge Service Platform), VIP (Database for Chinese
Technical Periodicals), PubMed (Public Medline), CMCI
(Chinese Medical Citation Index), and EMBASE (Excerpt
Medical Database). Keywords were as follows: cadmium, in-
fertility, human, semen, reproductive system.

Inclusion criteria (1) The randomized controlled trial (RCT)
was used in the study. (2) The subjects of the experimental
group were infertile patients or the people whose sperm sur-
vival rate was less than 40%, while the subjects of the control

group were normal male (Liu 1986). (3) The article provides
sufficient information such as the title, the name of first author,
the journal and the publication year, the sample size of the
experimental group and the control group, the number of
cases, and the content of Cd.

Exclusion criteria (1) No RCT tests, repeated documents, in-
dividual cases, incomplete information, and animal tests. (2)
Experimenters who takemedicine that affect sperm activity, or
the subjects of the experiments have inherited disease and
other unhealed disease.

Cochrane systematic reviews

Cochrane systematic reviews provide information about the
effectiveness of interventions by identifying, appraising,
and summarizing the results of otherwise unmanageable
quantities of primary research to provide valid, reliable ev-
idence for health decision-making and clinical practice
(Chandler and Hopewell 2013). They differ from traditional
reviews produced by Bcontent experts^ in that they use a
replicable, scientific, and transparent approach that seeks
to minimize bias (Meerpohl et al. 2008). We use the follow-
ing criteria for evaluation.

1. The generation of random order: in the RCT paper, the
method of generating random order should be described
in detail, therefore the evaluator can judge whether there
are comparable among the groups allocated by this meth-
od. Further, the groups were classified according to their
description and degree of detail.

2. Allocation concealment for random schemes: in the ran-
dom distribution scheme test, the random allocation
scheme should be assigned to the random allocation
scheme, so that the researchers and the research objects
cannot predict the order of distribution in the process of
grouping. If no allocation concealment is adopted, the
possibility of bias will be increased. Therefore, the meth-
od of hiding the random allocation scheme should be
described in detail. In that case, the assessor can judge
the bias risk of the paper.

3. A blind method and a measurement bias for the sub-
jects: in the RCT paper, we should describe whether
blindness is applied to research subjects and interven-
tion implementers. In the process of study, if the re-
search object or the intervention implementer knows
the group situation and the intervention measures
adopted by the group, it will increase the possibility of
implementing bias or measuring bias.

4. A blind method and a measurement bias for the result
evaluators: it is necessary to describe in detail whether
each evaluation index in the study is blind to the outcome
evaluator. If the outcome evaluator knows which group
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the subjects were assigned to and what intervention mea-
sures were adopted, it will increase the likelihood of
detection/measurement bias. We should evaluate each
major outcome indicator in the study.

5. Completeness of outcome index data: incomplete out-
come data for each indicator should be described in detail,
the number of missing and drop out groups and their
reasons need to be reported. The results of the system
evaluation should be brought into data analysis again.
The quantity, characteristics, and improper handling
methods of incomplete outcome data will increase the
likelihood of missed visit bias.

6. The possibility of selective reporting of the results: the
author of the systematic reviews should explain how to
judge the possibility of selective reporting and whether
the results of selective reports are available. Selective
reporting of the results expected by researchers will lead
to reporting bias.

7. Other sources of bias: other factors that may lead to bias in
the implementation process should be described, unless
there are no other factors leading to bias in the implemen-
tation process.

Statistical treatment

All analyses were performed by Review Manager
Software (version 5.3). Standard statistical tables and
graphs were used to describe the characteristics of the
surveyed subjects. We use the mean and variance of these
studies to plot. Q test is used to determine whether the
result is heterogeneous, if there is no significant differ-
ence in Q test (P > 0.10, I2 ≤ 50%), we use fixed effect
model to analyze data; if there is a significant difference
in Q test (P < 0.10, I2 > 50%), we use a random effect
model to analyze data. The result of the meta-analysis
has statistical difference if the P value is less than 0.05.

Data analysis

Literature search

The literature search strategy identified 1856 unique citations,
which came from different databases (Fig. 1). After a prelim-
inary inspect of title and abstract, we identified 112 distinct
studies as potentially relevant studies for further investigation.
In these studies, 82 studies did not have clear experimental
background, 16 studies did not have complete data, and 3
studies did not have control groups. Only 11 studies fit with
the inclusion criteria and were included in the meta-analysis.
The information related to these articles was shown in Table 1.
The results of the quality assessment for these articles are
shown in Fig. 2.

Meta-analysis

Figure 3 is the forest plot; it has heterogeneity (P < 0.05, I2 =
59%). Thus, we chose random effects models to assess all the
studies. In total, the 11 studies included 1707 subjects, 1093 of
which were in infertility group and 614 of which were in the
control group. We can get some information from this meta-
analysis: SMD = 0.50 (95%Cl 0.39–0.61), Z = 8.92, P < 0.05,
the funnel plot of meta-analysis shows incomplete symmetry,
considering the publication bias (Fig. 4).

Discussion

Infertility is a disease which concerned all over the world.
In infertility, male infertility accounts for a large propor-
tion and was on the rise in recent years (Desai and
Sharma 2009). The main reason for male infertility is
the decrease of sperm activity and quantity (Du et al.
2010; Kitamura et al. 2015). In recent years, with the
aggravation of environmental pollution and the pressure
of life, the quality of semen dropped sharply (Wittmaack

Fig. 1 Screen literature
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and Shapiro 1992). In some reports on semen quality test-
ing, we can see that in some work fields of long-term
exposure to heavy metals, the probability of male infertil-
ity is greatly increased (Ho and Wei 2013; Wirth and
Mijal 2010). Although infertility can be treated with sur-
gery and drug method, the cause of the disease is still
unclear. An important hypothesis for the etiology of
oligoasthenospermia is Cd pollution. It is necessary to

clarify whether the increase of Cd in semen is a causative
factor of infertility. Therefore, we conducted a study of
meta-analysis, which has not been applied to the associa-
tion between Cd and male infertility in the past.

Cd is a kind of harmful metal element, is widely used in
industrial production, and Cd can affect the human body by
food, water, dust, and so on (Liu et al. 2007). A major way of
Cd poisoning is the Cd inevitably accumulated in the

Table 1 The basic characteristics
of the experiment First author Year State Sample size

(infertility group/normal group)
P value

Saaranen (Saaranen et al. 1989) 1989 Finland 20/24 P < 0.001

Chia (Chia et al. 1992) 1992 Singapore 24/11 P < 0.05

Liang (Shaoxian et al. 1994) 1994 China 46/40 P < 0.05

Christoph (Keck et al. 1995) 1995 German 44/118 P < 0.05

Wu (Xiaojia et al. 1995) 1995 China 75/92 P < 0.05

Havatta (Hovatta et al. 1998) 1998 Finland 27/44 P < 0.001

Telisman (Telisman et al. 2000) 2000 Croatia 98/51 P > 0.10

Ting (Chen et al. 2009) 2009 China 84/16 P < 0.05

Mandiola (Mendiola et al. 2011) 2011 Spain 30/31 NS

Zheng (Zheng et al. 2012) 2012 China 500/101 P < 0.05

Zhu (Xu 2012) 2012 China 128/103 P < 0.05

NS not significant

Fig. 2 Validity evaluation for
randomized controlled trial
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environment and then transfer into the human body through
the food chain. In recent years, the number of Cd toxicity
reports was increasing. In many studies of Cd, some people
found that the reproductive system is one of the target organs
that is sensitive to Cd, which reduces the androgen production
by injuring the testicles, lowering the androgen secretion, and
affecting the sperm production to reduce the male reproduc-
tive capacity (Ponnapakkam et al. 2003). In this study, Table 1
shows that the increase of Cd content in semen causes infer-
tility. In addition, the information of the forest graph shows
that the difference of Cd content between the infertile group
and the control group has a significant quantitative value,
which suggests that the incidence of infertility has a causal
relationship with Cd content. The funnel plot presents asym-
metry, which means that there may be bias. Egger and Begg’s
test results show that there is no publication bias in this study.
Therefore, we believe that the excessive Cd content in semen
is one of the causative factors of infertility.

Importance of the study

The purposes of the etiological study are finding the side ef-
fects of the treatment and the causative factors of infertility
and providing evidence for practice (Salort-Llorca et al.

2008). According to the fifth edition of the human semen
Laboratory Test Manual published byWHO in 2010, Bnormal
semen standard^ (Sakai et al. 2011), we can find that the
current semen detection standards have nine indicators, in-
cluding semen appearance, semen volume, pH value, lique-
faction time, sperm density, sperm count, sperm motility, nor-
mal morphology, and white blood cells. In this study, based on
the results of the study, we believe that the Cd content should
be included in the semen detection index. High Cd content
significantly increases the risk of infertility. As a result, Cd
exposure should also be considered as a variable in the repro-
ductive system–related experiments and instructed in the rel-
evant articles on prevention and treatment of infertility to pro-
vide more reliable evidence for the detection and evaluation of
infertility.

Strengths and limitations

This study has several strengths. Firstly, it is the first article,
which uses meta-analysis method to study the relationship
between Cd content and infertility in semen. This study is a
summary of the relationship between Cd and infertility in the
past few decades, which can be used to identify infertility.
Secondly, the study updates our understanding of infertility

Fig. 3 Forest plot

Fig. 4 Funnel plot
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and provides comprehensive evidence for infertility so far.
Finally, the result of this study can be applied to the detection
of semen quality and increase the standard of semen detection.
The main limitation of this article is that there are 11 docu-
ments with 1701 cases in this study. These results were pub-
lished from 1989 to 2012, which is not conducive to our re-
search on male infertility in recent years.

Conclusion

In summary, the high level of Cd in semen is widespread in
infertility patients; Cd is a factor leading to low sperm quality.
When carrying out semen detection, Cd content should be an
index for sperm activity. This study uses evidence-based med-
icine and systematic analysis to analyze the relationship be-
tween Cd and infertility, which is helpful to correctly evaluate
the causative factors of infertility and provide clues and ideas
for future research.
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