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Abstract
Objective: To assess the association of conventional semen parameters and sperm DNA fragmentation with risk of recurrent
spontaneous abortion (RSA).

Design: Systematic review and meta-analysis.

Setting: Not applicable.

Patient(s): Total 1,690 male partners of women with RSA, and 1,337 male partners of fertile control women.

Intervention(s): Case-control or cohort studies were determined by searching PubMed, Google Scholar, Cochrane Libraries,
China Biology Medicine disc, Chinese Scientific Journals Fulltext Database, China National Knowledge Infrastructure, and Wanfang
Database. RSAwas defined as two or more previous pregnancy losses. The fertile women refer to the reproductive womenwho have
had at least a normal pregnancy history and no history of abortion.

MainOutcomeMeasure(s): This study included eight outcome measures: semen volume(ml), semen pH value, sperm density
(106/ml), sperm viability (%), sperm progressive motility rate (%), normal spermmorphology rate (%), sperm deformity rate(%), sperm
DNA fragmentation index (DFI) (%). The summary measures were reported as standardized mean difference (SMD) with 95%
confidence interval (CI).

Result(s):Finally, twenty-four studies were included for analysis. Overall, male partners of womenwith RSA had a significantly lower
level of sperm density (SMD= -0.53, 95%CI: – 0.75 to –0.30), sperm viability (SMD= -1.03, 95%CI: – 1.52 to –0.54), sperm
progressive motility rate (SMD= -0.76, 95%CI:-1.06 – -0.46), and normal sperm morphology rate (SMD= –0.56, 95%CI: – 0.99 to –

0.12), and had a significantly higher rate of sperm deformity rate (SMD=1.29, 95%CI: 0.60 – 1.97), and spermDFI (SMD=1.60, 95%
CI: 1.04 to 2.17), when compared with the reference group. However, there were no statistically significant differences for semen
volume (SMD= -0.03, 95%CI: -0.14 – 0.08) and semen pH value (SMD= –0.23, 95% CI: –0.50 to 0.05) among 2 groups.

Conclusion(s): The results of this analysis support an association of sperm density, sperm viability, sperm progressive motility
rate, normal sperm morphology rate, sperm deformity rate, as well as sperm DFI with RSA. However, given the significant
heterogeneity between studies and the lack of more detailed data on the subjects, further large-scale prospective studies are
needed.

Abbreviations: CI = confidence intervals, DFI = DNA fragmentation index, ROS = reactive oxygen species, RSA = recurrent
spontaneous abortion, SMD = standardized mean difference.
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1. Introduction

According to guidelines of the World Health Organization
(WHO), miscarriage refers to the loss of a fetus or embryo before
20 to 22weeks of pregnancy, when the fetal weight does not
exceed 500 grams.[1] Recurrent spontaneous abortion (RSA), as a
devastating reproductive problem faced by couples tying to
expand their families, is usually defined as three or more
consecutive miscarriages with the same spouse before 28weeks of
pregnancy.[2] However, The definition of RSA differs among
international societies. According to the American Society for
Reproductive Medicine,[1] it is defined as two or more clinical
pregnancy losses, but not necessarily consecutive. In view of the
great increase in the possibility of repeated abortion after two
consecutive spontaneous abortions, many Chinese scholars have
included two consecutive spontaneous abortions in the scope of
RSA in recent years. The incidence of RSA among couples of
childbearing age was about 1% to 5%, which is not high, but has
a great impact on the family happiness and psychological state of
the patients.[3]

In the past few decades, there has been a rapidly growing
interest in exploring the pathogenesis of RSA. Although many
epidemiological studies[4,5] have attempted to test this topic and
identified some risk factors, such as reproductive tract
infections, gene mutations, bad eating habits or lifestyles,
uterine anatomical abnormalities, endocrine disorders, and
immune factors, there were approximately 40% to 50% of
patients who were left without an answer.[6] Undoubtedly, this
is a huge challenge for doctors and patients seeking the causes
and effective treatment of RSA. Therefore, it is critically
important to explore additional reasons of RSA. Previous
studies mainly focused on the influence of maternal factors on
RSA. However, since the genes of human embryos and their
products come from both males and females, part of the causes
of RSA may come from males, including genetic factors, sperm
quantity and quality. Human sperm are affected by environ-
mental factors (including oxidative stress, chemical and
toxicants, radiation and trace element deficiency, etc) during
the maturation process, causing sperm chromosome karyotype,
DNA and genetic mutations, leading to abnormal sperm
morphology and function. In recent years, a large number of
studies have shown that male sperm quality was significantly
associated with infertility, pregnancy rate and embryo quali-
ty.[7–9] Clinically, male sperm quality is usually measured by
semen volume, semen pH value, sperm density, sperm viability,
sperm progressive motility rate, normal sperm morphology
rate, sperm deformity rate, and sperm DNA fragmentation
index (DFI). Some studies have investigated the link between
male spermquality and risk of RSA,[10–13] but themagnitudes of
the association varied between studies and even conflicting
results were found, which may be partly due to insufficient
sample size, resulting in low statistical efficiency and unstable
results.
So far, four meta-analyses[14–17] have been conducted on this

topic. However, these reviews only focused on the association of
1 or 2 parameters (i.e., sperm DFI and sperm morphology) of
sperm with risk of RSA, while the association of other
2

conventional semen parameters, including volume, pH value,
density, viability and progressive motility rate with risk of RSA
are hardly assessed. In fact, in China, there were many original
studies that tried to address this issue. Nevertheless, most of
Chinese studies have not been included by previous reviews[14–17]

because of published language. Furthermore, there is a lack of
meta-analysis for the Chinese population on this topic. Given the
inconsistency of the existing literatures and the insufficient
statistical power of primary studies, therefore, we conducted a
meta-analysis to examine whether the conventional semen
parameters were significantly associated with occurrence of RSA.

2. Materials and methods

This study was approved by the ethics committee of Xiangya
School of Public Health, Central South University.

2.1. Literature search

We tried to report this meta-analysis following the recommen-
dations of the Preferred Reporting Items for Systematic Reviews
and Meta-analyses statement.[18] PubMed, Google Scholar,
Cochrane Libraries, China Biology Medicine disc, Chinese
Scientific Journals Fulltext Database (CQVIP), China National
Knowledge Infrastructure, and Wanfang Database were
searched, with an end date parameter of January 2019, to
identify the relevant studies that assessed the association between
conventional semen parameters and RSA. The following search
terms were used:
(1)
 recurrent spontaneous abortion/RSA, repetitive spontaneous
abortion, habitual spontaneous abortion, recurrent pregnan-
cy loss, repetitive pregnancy loss/RPL, habitual pregnancy
loss, repetitive miscarriage, recurrent miscarriage, habitual
miscarriage, habitual misbirth, recurrent misbirth, repetitive
misbirth, pregnancy loss, abortion, and miscarriage;
(2)
 sperm, semen, sperm quality, DNA fragmentation, semen
volume, semen pH, sperm density, sperm viability, sperm
progressive motility, sperm morphology, sperm deformity,
and semen parameters; and
(3)
 prospective studies, follow-up studies, cohort studies,
longitudinal studies, and case-control studies.
(4)
 Reference lists of the retrieved papers were also reviewed.
Furthermore, we contacted authors of the primary studies for
additional information.

2.2. Definitions and selection criterions

In the present review, the indicators of interest were conventional
semen parameters including semen volume (ml), semen pH value,
sperm density (106/ml), sperm viability (%), sperm progressive
motility rate (%), normal sperm morphology rate (%), sperm
deformity rate (%), and sperm DFI (%). The outcomes of interest
were RSA which was defined as two or more previous pregnancy
losses. Male partners of women with RSA were defined as the
case group; and male partners of fertile control women were
defined as the control group. Studies were considered to be
eligible if they met the following criterions:
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(1)
 the study design was a case-control or cohort study;

(2)
 definition of RSA was clear;

(3)
 study participants were Chinese populations;

(4)
 studies compared the differences of conventional semen

parameters between male partners of women RSA and male
partners of fertile women;
(5)
 the exposures of interest were conventional semen param-
eters;
(6)
 the outcomes of interest were RSA;

(7)
 the study was published in Chinese or English language; and

(8)
 corresponding data were provided.

(9)
 Review articles, conference abstracts and presentations were

excluded. Additionally, if two or more studies used the same
data, we only included the study with the highest quality.

2.3. Data extraction and quality assessment

A standardized data collection form was used to extract data. We
extracted any reported mean and standard deviation of every
conventional semen parameter for every group. Additionally, the
characteristics of each study were extracted. Information was
recorded as follows: first author; publication year; study period;
geographic region; Study design; sample size of case and control
group; reported semen parameters; whether to control con-
founding factors and quality scores.
We used the Newcastle-Ottawa Scale (available at http://www.

ohri.ca/programs/clinical_epidemiology/oxford.asp) to assess the
risk of bias in the included studies. Using the tool, each study was
judged on eight items, categorized into three groups: the selection
of the study groups; the comparability of the groups; and the
ascertainment of outcome or exposure. Stars awarded for each
quality item serve as a quick visual assessment. Stars are awarded
such that the highest quality studies are awarded up to nine stars.
When the study gains at least seven stars, it is considered of low-
risk of bias. Two independent reviewers (LJQ and QJB) selected
literatures, extracted data and assessed study quality. Any
disagreements were resolved through discussion among the
authors until consensus was reached.
2.4. Statistical analysis

Considering this fact that conventional semen parameters
belonged to quantitative data, we used standardized mean
difference (SMD) to assess the association between these
parameters and risk of RSA. Homogeneity of effect size across
studies was tested by using the Q statistics at the P< .10 level of
significance. The I2 statistic, as a quantitative measure of
inconsistency across studies, was also calculated (significance
level at I2>50%). SMDs and their corresponding 95%
confidence intervals (CI) were calculated using either fixed-
effects models or, in the presence of heterogeneity, random-effects
models. Because quality scores and adjustments for confounding
factors were inconsistent across studies, we further conducted a
sensitivity analysis to explore possible explanations for hetero-
geneity and to examine the influence of various exclusion criteria
on the overall combined SMD. We also conducted a sensitivity
analysis to investigate the influence of a single study on the overall
risk estimate by omitting one study at a time. Potential
publication bias was assessed by Begg funnel plots and Egger
linear regression test. Statistical tests were declared significant for
a 2-sided P value not exceeding .05, except where otherwise
3

specified. Statistical analyses were performed by using Review
Manager version 5.0 (The Nordic Cochrane Centre, The
Cochrane Collaboration) and Stata version 12.0 (StataCorp
LP, College Station, TX).
3. Results

3.1. Literature search

After the computerized search in seven databases, we initially
identified 864 potentially eligible records. Of these, the majority
were excluded after the first screening based on abstracts or titles,
mainly because they were duplicates, reviews, conference papers,
or not relevant to our analysis. After full-text review of 109
studies, 24 case-control studies [12–13,19–40] met the inclusion
criteria (Fig. 1). Reasons for not including the other studies were:
(1)
 lack of control group of male partners of fertile women (n=
34);
(2)
 the exposure was inconsistent with our analysis (n=27);

(3)
 the definition of RSA was not clear (n=13); and

(4)
 the corresponding data was not provided (n=11).

3.2. Study characteristics

The characteristics of included studies, which involved 1690male
partners of women with RSA and 1,337 corresponding controls,
and were published between 2008 and 2018, are summarized in
Table 1. All included studies belonged to case-control studies and
provided a clear definition of RSA. In all included studies,
patients with RSA did not have clear cause or genital dysplasia,
infection and other serious primary diseases; male partners did
not have serious physical, infectious or psychosis diseases,
infertility history in the family, urinary tract infection and tumor
history, genital tract defect, deformity and corresponding surgical
history, and severe sperm diseases. Only three studies (12.5%)
did not control any confounding factor when assessing the
association of conventional semen parameters with RSA. The
quality scores in most included studies (79.2%) were more than
seven scores. Among the 24 studies included here, the number of
studies reporting conventional semen parameters was as follows:
14 semen volume; 8 semen pH value; 23 sperm density; 13 sperm
viability; 17 sperm motility rate; 10 normal sperm morphology
rate; 8 sperm deformity rate; and 18 sperm DFI.
3.3. Male semen parameters and RSA

Overall, there were no statistically significant differences for
semen volume (SMD= -0.03, 95%CI: -0.14 to 0.08; P= .55) and
pH value (SMD= -0.23, 95%CI: -0.50 to 0.05; P= .11) between
the male partners of women with RSA and the corresponding
controls (Fig. 2).
However, the male partners of women with RSA were at a

significantly lower level for sperm density (SMD= -0.53, 95%
CI:-0.75 to -0.30; P< .00001), sperm viability (SMD= -1.03,
95%CI:-1.52 to -0.54); P< .0001), sperm progressive motility
rate (SMD= -0.76, 95%CI:-1.06 to -0.46; P< .00001), and
normal sperm morphology rate (SMD= -0.56, 95%CI:-0.99 to
-0.12; P= .01), and were at a significantly higher level for sperm
deformity rate (SMD=1.29, 95%CI: 0.60 to 1.97; P= .0002)
and sperm DFI (SMD=1.60, 95%CI: 1.04 to 2.17; P< .00001),
when compared with the partners of fertile control women

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.md-journal.com


Figure 1. Flow chart of study identification and selection.
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(Table 2). Substantial heterogeneity was observed for most semen
parameters except for semen volume (P= .48; I2=0%).
3.4. Sensitivity analyses

Sensitivity analyses were conducted to explore potential sources
of heterogeneity in the association between conventional semen
parameters and RSA to examine the influence of various
exclusion criteria on the overall risk estimate. Exclusion of five
studies[19,21,23,27,37] that belonged to low-quality studies with a
score less than 7, yielded similar results for all conventional
semen parameters including semen volume (SMD=0.02, 95%CI:
-0.13 to 0.16, P= .82), semen pH value (SMD= -0.07, 95% CI:
-0.36 to 0.21, P= .62), sperm density (SMD= -0.59, 95%CI:-
0.87 to -0.32, P< .0001), sperm viability (SMD= -1.15, 95%CI:-
1.73 to -0.58), P< .0001), sperm progressive motility rate
(SMD= -0.76, 95%CI:-1.08 to -0.44, P< .00001), and normal
sperm morphology rate (SMD= -0.64, 95%CI:-1.16 to -0.12,
P= .02), sperm deformity rate (SMD=1.24, 95%CI: 0.46 to
2.03, P= .002), and sperm DFI (SMD=1.99, 95%CI: 1.47 to
2.51, P< .00001). Exclusion of 3 studies [19,21,37] in which any
confounding factor did not be controlled when assessing the
association between semen parameters and RSA, did not change
the overall risk estimate including semen volume (SMD= -0.02,
95%CI: -0.15 to 0.11, P= .78), semen pH value (SMD= -0.07,
95% CI: -0.36 to 0.21, P= .62), sperm density (SMD= -0.57,
4

95%CI:-0.82 to -0.32, P< .00001), sperm viability (SMD= -
1.07, 95%CI:-1.61 to -0.54, P< .0001), sperm progressive
motility rate (SMD= -0.68, 95%CI:-0.97 to -0.39, P< .00001),
and normal sperm morphology rate (SMD= -0.54, 95%CI:-1.02
to -0.06, P= .03), sperm deformity rate (SMD=1.24, 95%
CI:0.46 to 2.03, P= .002), and sperm DFI (SMD=1.89, 95%CI:
1.39 to 2.39, P< .00001). Further exclusion of any single study
did notmaterially alter the overall combined SMD (Figs. 3 and 4).
3.5. Publication bias

The Begg’s funnel plot did not show any substantial asymmetry
except for sperm viability and sperm deformity rate (Fig. 5).
However, Egger’s regression test indicated that there was no the
evidence of publication bias (P= .869 for semen volume; 0.364
for semen pH value; 0.051 for sperm density; 0.464 for sperm
viability; 0.530 for sperm progressive motility rate; 0.851 for
normal sperm morphology rate; 0.386 for sperm deformity rate;
and 0.938 for sperm DFI).

4. Discussion

In the past few decades, there has been a rapidly growing interest
in the etiology of RSA and its intervention targets, but so far,
there is still no clear clue to these problems. Clinically, male
semen parameters are often used in the diagnosis and treatment



Table 1

Characteristics of 24 case-control studies assessing the association between male sperm quality and risk of RSA.

Sample size
First author/publication year
(study period) (reference)

Geographic
region

Study
design

Case
group

Control
group

Reported semen
parameters

Whether to control
confounding factors

Quality
score

Zhang L/2010 (2007–2009)(12) Shandong CCS 85 50 , , , yes 7
Wu D/2008 (-)(13) Shaanxi CCS 58 50 , , yes 8
Ma F/2012 (2012)(18) Fujian CCS 50 40 , , , , , no 5
Fu X/2018 (2015–2016)(19) Henan CCS 65 65 , , , yes 8
Liu X/2010 (-)(20) Guangdong CCS 56 56 , , , , no 5
Qin T/2018 (2014)(21) Sichuan CCS 50 50 , , , , yes 7
Li B/2011 (2010)(22) Guangdong CCS 36 36 , , , , yes 6
Song J/2016 (2015–2016)(23) Jiangsu CCS 65 33 , , , yes 7
Shi H/2015 (2013–2014)(24) Zhejiang CCS 133 100 , , yes 7
Guo H/2018 (2015–2017)(25) Zhejiang CCS 200 200 , , , yes 7
Liu C/2011 (-)(26) Beijing CCS 56 31 , , , yes 6
Cui R/2017 (2015–2016)(27) Guangdong CCS 37 30 , , , , yes 8
Yao N/2016 (2013–2014)(28) Shanghai CCS 40 40 , , , , , , yes 8
Zhang X/2012 (2008–2010)(29) Guangdong CCS 40 40 , , , yes 7
Xu G/2012 (2010–2011)(30) Henan CCS 96 141 , yes 7
Cao X/2010 (2009)(31) Guangdong CCS 60 52 yes 7
Wang Y/2012 (-)(32) Chongqing CCS 85 20 , , , , , yes 7
Zhang Z/2010 (2007–2009)(33) Shaanxi CCS 49 39 , , , , yes 8
Zhen Y/2014 (2013)(34) Liaoning CCS 152 52 , , yes 8
Deng T/2017 (2014–2016)(35) Guangdong CCS 50 30 , , , , yes 8
Gong J/2015 (2008–2015)(36) Zhejiang CCS 84 62 , , , , , no 5
Yang A/2017 (2015–2016)(37) Guangdong CCS 60 60 , , , , , yes 8
Jiang L/2011 (2005–2010)(38) Henan CCS 62 40 , , , , , , yes 7
Ding Z/2008 (2005–2007)(39) Hunan CCS 21 20 , , , , yes 7

CCS= case-control study, = semen volume, = semen pH, = sperm density, = sperm viability, = sperm progressive motility rate, =normal sperm morphology rate, = sperm deformity
rate, = sperm DNA fragmentation index(DFI).

Figure 2. Semen volume and pH value and risk of RSA (A, semen volume; B, pH value).

Li et al. Medicine (2021) 100:10 www.md-journal.com
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Table 2

Remaining semen parameters associated with risk of RSA.

Sample size Measure of heterogeneity

Sperm factors Case group Control group Forest plot Standard mean difference (95%CI) P Value P I2(%)

Sperm density(106/ml) 1630 1285 �0.53 (�0.75,�0.30) < .00001 < .00001 88

Sperm viability(%) 689 644 �1.03 (�1.52,�0.54) <.0001 <.00001 94
Sperm progressive motility rate(%) 1288 946 �0.76 (�1.06,�0.46) <.00001 <.00001 91
Normal sperm morphology rate(%) 522 372 �0.56 (�0.99,�0.12) .01 <.00001 89
Sperm deformity rate(%) 712 526 1.29 (0.60,1.97) .0002 <.00001 96
Sperm DFI(%) 1181 925 1.60 (1.04,2.17) <.00001 <.00001 97

DFI = DNA fragmentation index, RSA = recurrent spontaneous abortion.

Li et al. Medicine (2021) 100:10 Medicine
targets of sub-fertility, which indicates male sperm quality may be
associated with the occurrence of RSA. The present meta-analysis
of 24 case-control studies, which included 1690 male partners of
women with RSA and 1,337 corresponding controls, with
sufficient statistical power, aimed to assess the association of male
semen parameters (e.g., semen volume, semen pH value, sperm
density, sperm viability, sperm progressive motility rate, normal
Figure 3. Sensitivity analysis chart for semen volume, pH value, density and viabili

6

sperm morphology rate, sperm deformity rate and sperm DFI)
with risk of RSA.
Findings from our study showed that the male partners of RSA

patients compared with the partners of fertile control women, had
a significantly lower level of sperm density (SMD= -0.53), sperm
viability (SMD= -1.03), sperm progressive motility rate (SMD= -
0.76), and normal spermmorphology rate (SMD= -0.56), but had
ty (A, semen volume; B, semen pH value; C, sperm density; D, sperm viability).



Figure 4. Sensitivity analysis chart for the remaining four indicators. (A, sperm progressive motility rate; B, normal spermmorphology rate; C, sperm deformity rate;
D, sperm DFI).

Li et al. Medicine (2021) 100:10 www.md-journal.com
a significantly higher level for sperm deformity rate (SMD=1.29)
and sperm DFI (SMD=1.60), which indicates male sperm
quality was significantly associated with risk of RSA. Although
we only focused on theChinese population, as far aswe know, this
Figure 5. Funnel chart (A, semen volume; B, semen pH value; C, sperm density; D,
rate; G, sperm deformity rate; H, sperm DFI).

7

is the first meta-analysis to comprehensively evaluate the
relationship between male sperm parameters and recurrent
abortion. An improved understanding of this issue may have
important clinical implications, given the possibility that the clear
sperm viability; E, sperm progressive motility rate; F, normal spermmorphology

http://www.md-journal.com
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results might help to provide counselling and treatment targets to
RSA patients.
Although many epidemiology studies have been performed to

assess the association between male factors and risk of RSA, the
magnitudes of the association between male sperm parameters
and RSA varied across studies and even there were conflicting
results. As early as 1994, Hill et al[10] began to pay attention to
this issue, but they did not observe statistically significant
associations between male sperm parameters such as semen
volume, sperm density, normal sperm morphology rate and
sperm deformity rate and RSA, which may be due to a small
sample size (98 cases vs 17 controls), so it is difficult to find
significant statistical differences. On the contrary, Buckett et al[11]

found a statistically significant difference for sperm progressive
motility rate and normal sperm morphology rate between male
partners of women with RSA and fertile control women, which
indicates male sperm factors may be associated with risk of RSA.
In China, since 2008, many researchers have begun to pay
attentions to the association between male sperm parameters and
risk of RSA. For example, 14 studies reported the association of
semen volume with RSA, 8 studies reported semen pH value, 23
studies reported sperm density, 13 studies reported sperm
viability, 17 studies reported sperm motility rate, 10 studies
reported normal sperm morphology rate, 8 studies reported
sperm deformity rate, and 18 studies reported sperm DFI. Of
note, in these studies from China, the sample size is generally
relatively small, the magnitudes of the association varied and
even there were conflicting results. In addition, in other countries,
few researchers comprehensively evaluate the relationship
between male sperm parameters and RSA. Therefore, it is
necessary to sum up the evidence of China, which can help to
provide reference for other regions and cultures.
So far, four meta-analyses[14–17] have been performed to

evaluate the association between male sperm factors and RSA.
However, these reviews focused on the association of spermDNA
fragmentation and sperm morphology with risk of RSA, and
hardly assessed the association of other semen parameters (e.g.,
volume, pH value, density, viability and progressive motility rate)
with risk of RSA. For example, in 2019, a review[15] of 13
prospective studies, which involved 579 male partners of women
with recurrent pregnancy loss and 434 male partners fertile
control women and to our knowledge is the latest meta-analysis
around this topic to date, suggested that male partners of women
with a history of RSA have a significantly higher rate of sperm
DNA fragmentation compared to the partners of fertile control
women (mean difference [MD]=11.91; 95%CI: 4.97–18.86),
which was supported by other two reviews [14,16]. Besides, Cao
et al[17] conducted a systematic review and meta-analysis and
found that the low level of normal morphology rate was
significantly associated with RSA risk. Our findings are generally
consistent with previous reviews. For example, in the present
review, we found that the male partners of RSA patients were at a
significantly higher level of sperm DFI (SMD=1.60; 95%CI:
1.04–2.17), when compared with the partners of fertile control
women. Additionally, among 18 included studies that assessed
the relationship between sperm DFI and RSA, most of studies
showed a significantly positive association. However, our study
has important strengths compared with previous studies. This
review is the most up to date on this subject. With the
accumulating evidence and enlarged sample size, we have
enhanced statistical power to provide more precise and reliable
risk estimates. In our study, most included studies (79.2%) were
8

considered of higher methodologic quality; and these high-
quality studies contributed nearly 95% of study population.
Furthermore, the association between male sperm parameters
and risk of RSA persists and remains statistically significant in
sensitivity analysis based on various exclusion criteria. Addition-
ally, our study indicated other semen parameters including sperm
density, sperm viability and sperm progressive motility rate were
significantly associated with the occurrence of RSA, which has
not been confirmed by previous meta-analyses[14–17].
Recently, a large sample study showed that sperm DNA

fragmentation rate were significantly correlated with other
routine semen parameters such as progressive motility rate
(r= �0.47, P< .001) and total motile sperm count (r=�0.31,
P< .001) in Chinese couples.[41] At present, the main clinical
means to reflect male reproductive capacity are still routine sperm
parameter detection, including semen volume, density, vitality
and morphology, and sperm DNA fragmentation rate is rarely
tested. However, this analysis is based on visual estimation of
sperm count, viability and morphology by optical microscopy
and is difficult to perform reliably. Therefore, it is recommended
to use sperm DNA integrity testing as a promising detection
method for standard semen analysis.
The underlying mechanisms of the association between male

sperm quality and risk of RSA remain uncertain, and few studies
have explored this issue. One possible explanation is that reactive
oxygen species (ROS) and aneuploidy of human sperm
chromosome play a key role in the association of poor sperm
quality and risk of RSA. Sperm damage is usually the result of
multiple factors, among which ROS is one of known causes of
sperm fragmentation and decreased sperm motility.[42,43] For
example, some studies have shown that ROS can cause sperm
DNA damage, leading to a range of adverse consequences,
including lowering fertilization rates, disrupting pre-implanta-
tion embryo development and increasing abortion rates.[44] It
was also reported that the levels of ROS in the spouses of RSA
patients who had excluded female factors were 9 times higher
than in the control population.[45]

Additionally, it has been reported that aneuploidy of human
sperm chromosome was an important cause of poor sperm
quality.[40,46] For example, some studies suggested that there
were significantly positive association between total aneuploidy
rate of sperm chromosomes and DFI.[47,48] When compared with
male partners of fertile control women, male partners of women
with RSA had a significantly increased rate of sperm aneuploi-
dy.[49] Findings from previous studies also showed that sperm
chromosome aneuploidy was an important cause of human
infertility, spontaneous abortion, abnormal embryo development
and birth defects.[50,51]

Potential limitations of this study should be considered. First,
substantial heterogeneity was observed among studies assessing
the association male sperm quality and risk of RSA, which was
not surprising given the differences in characteristics of
populations, ascertainment of RSA, sperm parameter detections,
and adjustment for confounding factors. In our review, sensitivity
analyses were used to explore potential sources of heterogeneity
in the association between conventional semen parameters and
RSA to examine the influence of various exclusion criteria on the
overall risk estimate. As a result, sensitivity analyses yielded
similar results, which indicated that our results are stable and
reliable. Second, the semen status used in these studies may vary,
and there may be differences in the time from the acquisition to
the analysis interval. Third, the sample size was less than 150 in
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many included studies, so more studies should be included in
future reviews, to provide further support for our results. Fourth,
residual confounding is of concern. Uncontrolled or unmeasured
risk factors potentially produce biases. Although only three
studies (12.5%) among all included studies did not control any
confounding factor when assessing the association of conven-
tional semen parameters with RSA, in most of the remaining
studies only several common confounders were considered.
Besides, potential publication bias could influence the findings. In
the present study, the Begg’s funnel plot did show some
substantial asymmetry for two semen parameters including
sperm viability and sperm deformity rate. However, Egger’s
regression test indicated that there was no the evidence of
publication bias. Last but not least, because the present review
only included studies in which study participants were Chinese
populations, additional research in other populations is war-
ranted to generalize the findings.
In conclusion, the present study aimed at addressing the

association of male semen parameters with risk of RSA. Although
the role of potential bias and evidence of heterogeneity should be
carefully evaluated, our study indicated that the levels of routine
semen parameters including sperm density, sperm viability,
sperm progressive motility rate, normal sperm morphology rate,
sperm deformity rate, as well as sperm DFI were significantly
different between male partners of women with RSA and those of
fertile control women. However, given the significant heteroge-
neity between studies and the lack of more detailed data on the
subjects, further large-scale prospective studies are needed.
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