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CELL, MOLECULAR & DEVELOPMENTAL BIOLOGY | REVIEW ARTICLE

Sperm aneuploidy and recurrent pregnancy loss:
A systematic review and meta-analysis
Yifu Pu1, Xiaoli Yang2, Yujin Guo1, Xingwang Zhu1, Lei Yan1,3 and Shaoming Lu1*

Abstract: Background and Objective:Studies have reported that the spouses of
patients with recurrent miscarriage have a high rate of sperm aneuploidy,The types
and the methods of determination of sperm aneuploidy are different. The correla-
tion between the specific type of sperm aneuploidy and recurrent miscarriage is
inconclusive.Here, we performed a systematic review and meta-analysis to investi-
gate the rate of sperm aneploidy tested in FISH way in male partners of women
with recurrent pregnancy loss (RPL group) and fertile male control groups. Methods:
Cochrane, Embase, Web of Science, and PubMed databases and a manual search
were done for observational research from inception till 23 May 2019.Pooled stan-
dard mean difference (SMD), odds ratios (ORs) and 95% confidence interval (CI)
were used to describe effect sizes.This study was conducted according to MOOSE
statement. Results:Overall, One study was included for qualitative analysis owing to
a lack of standard deviation data, and nine studies were included for quantitative
analysis.326 male partners of women with recurrent pregnancy loss and 124 fertile
men were included in this study.The primary outcome was the rate of sperm
aneuploidy. Pooled data from three studies with sufficient data suggested that male
partners of women with a history of RPL had significantly higher rates of total sperm
aneuploidy compared with the partners of fertile control women(SMD: 1.07, 95% CI:
0.39–1.75, P < 0.01). In the qualitative analysis, the RPL group had a greater
percentage of sperm aneuploidy, Conclusions:Qualitative analysis and quantitative
analysis suggested an association between total sperm aneuploidy and RPL.
However, for some specific type of sperm aneuploidy, male partners of women with
a history of RPL had similar rates as fertile men. Further studies are needed owing to
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the significant heterogeneity between studies and lack of prospective pregnancy
outcome data.

Keywords: aneuploidy; recurrent miscarriage; sperm; meta-analysis

1. Introduction
Recurrent pregnancy loss (RPL), which affects 1–2% of couples, is defined as having three or more
consecutive pregnancy losses before week 20 of gestation (ESHRE Guideline Group on RPL, 2018).
Owing to the complex causes of pregnancy loss and lack of evidence-based diagnostic strategies,
the etiology of RPL remains unexplained in more than half cases (Gupta et al., 2007). Recent
studies have focused on the effects of male factors, including routine semen analysis, sperm DNA
fragmentation, Y chromosome microdeletions, and blood karyotype, on RPL (Bellver et al., 2010;
Bhattacharya et al., 2008; Brahem et al., 2011; Carrell, Liu, et al., 2003; Gil-Villa et al., 2009, 2010;
Puscheck & Jeyendran, 2007; Qiu et al., 2008). However, the contribution of men to recurrent
miscarriage at the sperm chromosome level remains unclear. Thus, normal karyotyping of blood
cells, sperm DNA fragmentation, and routine semen analysis cannot exclude the presence of
chromosomal abnormalities in spermatozoa.

A direct evaluation of sperm chromosome complements could help improve our understanding
of their roles in habitual abortion. Sperm chromosomal abnormalities include structural and
numerical abnormalities, often observed with sperm aneuploidy. Sperm aneuploidy results from
meiotic nondisjunction during oogenesis and sperm atogenesis, leading to abnormal gametes with
disomies or nullisomies. However, whether the male gametes of couples with RPL exhibit higher
rates of chromosomal anomalies than those of normal fertile men remains controversial.

Accordingly, in this study, we performed a systematic review and meta-analysis in order to
determine whether there was a significant relationship between sperm aneuploidy and RPL-related
abortions and to investigate whether sperm aneuploidy analysis may add useful information
during reproductive counseling for couples with unexplained RPL.

2. Materials and methods

2.1. Search and selection strategy
An electronic literature search was performed using MEDLINE, Web of Science, Embase, and
Cochrane library databases through 23 May 2019. The following terms were used in an automatic
search: sperm aneuploidy, sperm aneuploidies, sperm aneuploid, sperm aneuploids, habitual
abortion, habitual abortions, miscarriage, recurrent, recurrent miscarriage, recurrent miscarriages,
abortion, recurrent, recurrent abortion, recurrent abortions, and recurrent early pregnancy loss.
The detailed search strategy is shown in Table 1. Language was limited to English. Reference lists
and relevant reviews were also manually searched to avoid omission of potential eligible studies.
First authors and corresponding authors were contacted for additional information if necessary.

2.2. Inclusion and exclusion criteria
Two independent reviewers (Yifu Pu and Yujin Guo) identified and selected the articles according to
the inclusion and exclusion criteria. The inclusion criteria were as follows: 1) observational studies; 2)
studies focused on sperm aneuploidy and unexplained RPL (negative workup for repetitive miscar-
riage) between RPL groups with fertile control groups; 3) sufficient data were available; 4) normal
parental karyotypes; 5) semen analyses included normal or abnormal; and 6) fluorescence in situ
hybridization (FISH) was used for the analyses. The exclusion criteria were as follows: 1) animal
studies; 2) meeting presentation or abstract; 3) languages other than English; 4) review, case report,
clinical study (study design); 5) methods other than FISH; and 6) abnormal parental karyotypes.
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2.3. Data extraction
Data were extracted from all eligible articles. The collected data included author/year, sample size,
study type, definition of RPL, and sperm chromosome. Detailed eligible articles are shown in
Table 2.

2.4. Outcomes of interest
The following outcomes were obtained: total sperm aneuploidy in FISH, specific situations of
aneuploidy (disomy 13/18/21/sex chromosomal/X/Y/XY), and diploidy.

2.5. Quality assessment
The included studies were critically assessed according to the Newcastle-Ottawa Quality
Assessment Scale (NOS) (Wells et al., 2009), a valid tool recommended by the Cochrane
Working Group to evaluate the risk of bias of nonrandomized studies. Studies were graded
as low quality (0–3 points), medium quality (4–6 points), or high quality (7–9 points) according
to the NOS score. Two reviewers (Yifu Pu and Xingwang Zhu) independently participated in
the quality assessment. For disagreements, the authors discussed the studies to reach
a consensus.

2.6. Statistical analysis
The odds ratios (ORs), standardized mean difference (SMD), and 95% confidence interval (CI) were
used to estimate outcomes in RPL groups and fertile control groups. Pooled ORs and SMDs were
calculated using the fixed-effects model, and heterogeneity between studies was measured by
Q-tests and I2 statistics. Results with P values of less than 0.1 and I2 values of greater than 50%
indicated significant heterogeneity, and a random-effects model was applied instead. Subgroup
analyses were stratified according to chromosomal structure. Sensitivity analyses were performed
to test the stability of the overall analysis by omitting single studies or changing the effects model.
Publication bias was assessed using funnel plots. All statistical analyses were accomplished in
Revman 5.3.

3. Results

3.1. Search results
Search results are illustrated in the flow chart in Figure 1. In total, 199 articles were obtained from
the electronic search, and 14 articles were obtained from reference lists or reviews. After title and
abstract screening, 27 articles were identified for full text assessment. In further analyses,10 full-
text studies were included in the current analysis(Table 2)

3.2. Study characteristics
One study was included for qualitative analysis owing to a lack of standard deviation data, and
nine studies were included for quantitative analysis.326 male partners of women with recurrent
pregnancy loss and 124 fertile men were included in this study.The characteristics of all 10

Table 1. Search strategy.(Web of science)
#1 TS = (“ sperm aneuploids ” or “ sperm aneuploidies ”or

“sperm aneuploid ” or “ sperm aneuploidy”)

#2 TS = (“Habitual Abortion ”or “Habitual Abortions ”or
“Miscarriage, Recurrent ”or “Recurrent Miscarriage ”or
“Recurrent Miscarriages ”or “Abortion, Recurrent” or
“Recurrent Abortion”or “Recurrent Abortions ” or
“Recurrent Early Pregnancy Loss” or “recurrent
spontaneous abortion”)

#1 AND #2

Unless otherwise declared, terms used in search strategy were free text terms. TS, topic
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included studies are shown in Table 2. There studies reported the total sperm aneuploidy. Seven
studies revealed sperm diploidy and disomy 18. Additionally, five studies showed disomy 21 and
disomy X/Y/XY. Two studies reported disomy of sex chromosomes, and one study was analyzed
qualitatively

3.3. Methodological quality
Assessment of risk of bias is illustrated in Table 3. Overall, four studies were graded as high quality.
No studies were found to have low quality. Given the remarkable between-study heterogeneity of

Figure 1. Flow chart of the
meta-analysis.

Table 3. Assessment of risk of bias based on Newcastle-Ottawa Scale

Author Selection Conparabilitya Exposure/
Outcome

Total

Rubio et al. (1999) ** ** *** 7

Rubio et al. (2001) *** ** *** 8

Carrell, Wilcox, et
al.,(2003)

** ** ** 6

Bernardini et al.
(2004)

** * ** 5

Al-Hassan et al.
(2005)

* ** ** 5

Collodel et al.
(2009)

** * ** 5

Neusser et al.
(2015)

** ** ** 6

Ramasamy et al.
(2015)

*** ** ** 7

Zidi-Jrah et al.
(2016)

** ** ** 6

Esquerré-Lamare
et al. (2018)

** *** *** 8
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clinical characteristics, sensitivity analyses and publication bias assessment were conducted for
each analysis.

3.4. Quantitative analysis
Statistical heterogeneity was found in the two subgroups. A random effects model was applied for
pooling of the results. Meta results of the included studies is illustrated in Table 4.

A comparison of total sperm aneuploidy is shown in Figures 2 and 6(a). Three studies reported
the total sperm aneuploidy for the two groups. Pooling the results of the three studies showed that
the rate of total sperm aneuploidy was higher in patients with RPL than in controls (SMD: 1.07, 95%
CI: 0.39–1.75, P < 0.01).

A comparison of sperm diploidy is shown in Figures 3, 5, and 6(b). Seven studies reported sperm
diploidy in the two groups. Pooling the results of the seven studies showed that the percentage of
sperm diploidy was higher in patients with RPL than in controls (SMD: 1.57, 95% CI: 0.12–3.03,
P = 0.03; OR: 0.66, 95% CI: 0.55–0.78, P < 0.01).

A comparison of sperm disomy is shown in Figures 3, 5, and 6(c). Three studies reported the
disomy 13 in two groups. Pooling the results of the three studies showed that the percentage of
disomy 13 was similar in patients with RPL compared with controls (SMD 0.83; 95% CI: −0.06–1.72;
P = 0.07).

Seven studies reported the disomy18 in two groups. Pooling the results of the seven studies
showed that the percentage of disomy18 was higher in patients with RPL compared with controls
(SMD: 0.98; 95% CI: 0.12–1.84; P = 0.03); OR 0.42 95% CI: 0.27–0.65; P < 0.01).

Five studies reported the disomy 21 in two groups. Pooling the results of the five studies showed
that the percentage of disomy 21 was higher in patients with RPL compared with controls (SMD: 2.24,
95% CI: 0.03–4.45, P = 0.03; OR: 0.51, 95% CI: 0.40–0.66, P < 0.01).

Comparison in others sperm disomy was shown in Figures 4, 5 and 6(d). Five studies reported the
disomy X in two groups. Pooling the results of the five studies showed that the percentage of
disomy X was similar in patients with RPL compared with controls (SMD: 0.70, 95% CI: −0.67–2.07,
P = 0.31).

Five studies reported the disomy Y in two groups. Pooling the results of the five studies showed
that the percentage of disomy Y was similar in patients with RPL compared with controls (SMD:
0.83, 95% CI: −0.34–2.00, P = 0.16).

Five studies reported the disomy XY in two groups. Pooling the results of the five studies showed
that the percentage of disomy XY was higher in patients with RPL compared with controls (SMD:
0.87, 95% CI: 0.21–1.53, P < 0.01).

Two studies reported the disomy sex chromosome in two groups. Pooling the results of the two
studies showed that the percentage of disomy sex chromosome was higher in patients with RPL
compared with controls (SMD: 1.48, 95% CI: 1.27–1.73, P < 0.01).

3.5. Qualitative analysis
One study was included for qualitative analysis owing to a lack of standard deviation data. The
results showed that men with RPL had a greater percentage of sperm aneuploidy within the sex
chromosomes and within chromosomes 18 and 13/21 (1.04% versus 0.38%; 0.18% versus 0.03%;
0.26% versus 0.08%, respectively). Thus, men with RPL had increased sperm aneuploidy compared
with controls. The study was generally consistent with the results of quantitative analysis.
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3.6. Synthesis of results
One study did not report standard deviations of outcomes in the original articles. Nine studies were
included in the quantitative analysis. In total, 450 men were included in this review (326 [72.4%]
partners of women with RPL and 124 [27.6%] fertile men). From a pooled analysis of the primary
outcome, we found that male partners of women with RPL had a significantly higher rate of sperm
aneuploidy than those of fertile control women (SMD: 1.07, 95% CI: 0.39–1.75). Statistical hetero-
geneity was considerable. Funnel plot and subgroup analyses were performed according to different
chromosomes. The statistical heterogeneity remained high, despite subgroup analysis. Some vari-
ables, including the criteria applied for RPL definition, such as minimum number of consecutive
abortions (two versus three), or criteria adopted for scoring signals during FISH (including or not
including the nullisomy rates into the calculations), and the definition of semen quality, may have
affected the results. Sample size and technical reasons may also affect the results. For example,
sperm sample processing, the FISH probe used, or different inclusion criteria (e.g., men with normal
or abnormal semen parameters) could lead to variations. Notably, for some specific types of sperm
aneuploidy (disomy 13/Y/X), male partners of women with a history of RPL had similar rates of
aberrations compared with fertile men. For other specific situations, such as disomy 18/21/XY/sex
chromosomes, although the conclusions were relatively consistent, more research is needed to
obtain results with more reliability. Therefore, the conclusions reached herein should be interpreted

Figure 2. Forest plot of sperm
aneuploidy.

Figure 3. Forest plot of sperm
diploidy/disomy 13/18/21.
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with caution. Notably, total sperm aneuploidy included disomy 1–22/sex chromosomes and nullis-
omy 1–22/sex chromosomes. Consequently, for specific types of chromosome aberrations, the
conclusions may not be consistent with the total sperm aneuploidy. Thus, further studies are needed
to demonstrate the accuracy of the results by testing all types of chromosome aneuploidies.

Figure 5. Forest plot of sperm
dipoidy/disomy 18/21/sex
chromosome.

Figure 4. Forest plot of sperm
disomy X/Y/XY.
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4. Discussion
In this review, we performed a meta-analysis of male partners of women experiencing RPL. Our
results showed that these men had significantly higher rates of sperm aneuploidy compared with
male partners of fertile control women. Although there was consistently elevated sperm aneu-
ploidy in the RPL population, there was considerable heterogeneity among studies. Several factors
likely contributed to the observed heterogeneity. First, there are multiple definitions of idiopathic
RPL. In addition, multiple chromosomes can be evaluated, including chromosomes 13, 18, and 21
and sex chromosomes. However, analysis of total sperm aneuploidy should include all types of
chromosome aneuploidy. Third, some studies used normal semen samples, and others used
abnormal semen samples. Each of these factors may have significantly affected total sperm
aneuploidy in the individual studies as well as the heterogeneity of the meta-analysis.

The most important limitation of this review is that the 10 studies were carried out in different
countries using different research strategies. Additionally, the studies did not include all types of
chromosome aneuploidy. These limitations may have caused obvious heterogeneity. Another
limitation was the small number of included trials and the small number of participants in each
of these trials. Because of these limitations, publication bias was assessed using funnel plot
analysis with a qualitative approach.

One strength of the study was that we did not exclude studies based on research approach.
Additionally, the included trials showed high quality and precision. Other studies (Caseiro et al.,
2015; Giorlandino et al., 1998; Lou et al., 2013; Rosenbusch et al., 1991) were mostly consistent
with our current findings. These studies showed that the incidence of aneuploidy was increased in
individuals with a history of repeated abortion. Their findings provided insights into the potential

Figure 6. Funnel plots. (a)
Sperm aneupoidy. (b) Sperm
diploidy/disomy 13/18/21. (c)
Sperm disomy X/Y/XY. (d)
Sperm dipoidy/disomy 18/21/
sex chromosome.
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causes of RPL and showed that the reported cases may help improve reproductive outcomes.
Moreover, from our analysis, we found that this current report is the first systematic review and
meta-analysis of sperm aneuploidy and RPL.

Notably, the incidence of aneuploidy in the RPL group was increased compared with that in the
control group, but was still relatively low. Generally, only women are subjected to testing for RPL,
whereas men have not been evaluated sufficiently. In particular, marked sperm aneuploidies could
represent a significant cause of infertility. We suggest that all chromosomes should be studied to
obtain a comprehensive view of aneuploidy frequencies in spermatozoa from couples with RPL. If
a higher incidence of specific chromosome abnormalities is found, decision making regarding the
choice of treatment strategies, such as insemination with donor sperm or pre-implantation genetic
diagnosis would be improved. For sperm aneuploidy to become a routine part of male RPL evaluation,
it should be correlated with clinical outcomes; therefore, future studies are necessary to prospectively
assess the impact of elevated sperm aneuploidy on miscarriage and live birth rates.
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