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Objective: To examine whether sperm DNA fragmentation has an effect on pregnancy and miscarriage after IVF and/or intracytoplasmic sperm injection (ICSI).
Design: Systematic review and meta-analysis.
Setting: University-afﬁliated teaching hospital.
Patient(s): Infertility patient(s).
Intervention(s): An exhaustive electronic literature search was conducted on MEDLINE, Google Scholar, and the Cochrane Library,
from database inception to October 2013. We included clinical trials that examined the inﬂuence of sperm DNA damage on pregnancy
and miscarriage of IVF/ICSI.
Main Outcome Measure(s): The outcomes of interest were pregnancy rate and miscarriage rate.
Result(s): In the analysis of pregnancy, 16 cohort studies (3,106 couples) were included. Of these, 14 studies (2,756 couples, 965 pregnancies) that also mentioned miscarriage were identiﬁed in the analysis of miscarriage. Meta-analysis showed that high-level sperm
DNA fragmentation has a detrimental effect on outcome of IVF/ICSI, with decreased pregnancy rate and increased miscarriage rate.
The stratiﬁed analysis by type of procedure (IVF vs. ICSI) indicated that high sperm DNA damage was related to lower pregnancy
rates in IVF but not in ICSI cycles, whereas it was associated with higher miscarriage rates in both IVF and ICSI cycles.
Conclusion(s): The results indicate that assays detecting sperm DNA damage should be recommended to those suffering from recurrent
failure to achieve pregnancy. Selection of sperm without DNA damage for use may improve the clinical outcome of ART. The data also
provide a rationale for conducting further research aimed at evaluating the underlying mechanism(s) responsible for the detrimental
effect of high sperm DNA fragmentation and the potential therapy. (Fertil SterilÒ 2014;102:
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A

pproximately one of every six
couples will experience infertility, and approximately 40%

of these cases are male factor infertility
(1, 2). Conventional semen analysis
continues to be the only routine test
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to diagnose this condition, even
though it is known that such
descriptive
assessments
cannot
discriminate between the spermatozoa
of fertile and infertile men. The
shifting values for normality (all
normal values now lower) in the ﬁfth
edition of the World Health
Organization manual compared with
the previous editions may result in
even fewer men being classiﬁed as
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infertile. Conventional semen analysis may show normal
parameters in the presence of high levels of sperm DNA
damage (3–5). The conventional sperm test has relatively
low predictive value for fertility and sperm functional
assessment (6).
Sperm DNA testing has been increasingly used as an
adjunct to the conventional sperm parameters (7–10).
Sperm DNA integrity is one of the important determinants
of normal fertilization and embryo development. A number
of studies have investigated the relationship between
outcome of assisted reproductive technology (ART) and high
DNA damage in sperm (11–20).
As a biomarker for fertility, a number of studies have
shown that high sperm DNA damage has an association
with numerous reproductive processes, including impaired
fertilization, disrupted preimplantation embryo development,
miscarriage, and birth defects in the offspring (8, 9, 21–25).
Some studies indicated that sperm with DNA damage can
fertilize oocytes successfully and give rise to good-grade
embryos that subsequently result in early pregnancy loss
(24, 26–31).
However, some studies found that sperm with DNA
damage were capable of fertilizing an oocyte (32–34),
because they only found a modest effect on conception
rates with conventional IVF and little, if any, effect with
intracytoplasmic sperm injection (ICSI) (11–17, 34–40).
Zini et al. (9) have reviewed these observations and
concluded that sperm DNA damage was associated with a
signiﬁcantly increased risk of pregnancy loss after IVF and
ICSI. Another review, by Robinson et al. (41), also analyzed
the effect of sperm DNA fragmentation on miscarriage rates
not only after ART but also after spontaneous conception.
To date, the bulk of the data indicate that sperm DNA damage
has no detectable effect on pregnancy rates after ICSI and a
modest effect on pregnancy rates after conventional IVF.
In the present review we aim to evaluate further whether
sperm DNA damage has an effect on pregnancy and miscarriage after IVF/ICSI by performing a systematic review and
meta-analysis of the available literature.

MATERIALS AND METHODS
Identiﬁcation of the Literature
The following electronic databases were searched: MEDLINE,
Google Scholar, and the Cochrane Library, from inception until October 2013. The following medical subject and text
words were used to search relative studies: one including
terms on sperm DNA damage (human sperm DNA chromatin,
human sperm DNA, human sperm DNA fragmentation, human sperm DNA damage), one including terms on outcome
of ART (pregnancy, pregnancy loss, abortion, miscarriage),
and the last one about reproductive techniques (in vitro fertilization, IVF, intracytoplasmic sperm injection, ICSI, assisted
reproduction). These subsets were combined with ‘‘AND’’ to
generate a subset of citations relevant to our research question. Only full articles published in English were searched.
Two investigators independently reviewed the articles for
eligibility, and discrepancies were resolved by group
discussion.
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Study Selection and Data Extraction
We selected studies that evaluated sperm DNA damage in
couples undergoing IVF and/or ICSI. The primary outcome
of interest was clinical pregnancy rate and/or miscarriage
rate. For studies to be eligible, outcome data (with pregnancy
rate and/or miscarriage rate above and below DNA damage
cutoff) were extracted in 2  2 tables. We also recorded the
treatment type, sperm DNA assay type, cutoff point, number
of cycles of ART, and number of pregnancies/miscarriages
relative to abnormal or normal test result. If necessary, we
contacted the research author to clarify the data. Newcastle–Ottawa Quality Assessment Scales were used to evaluate
the quality of the observational studies (42). Two reviewers
completed the quality assessment, and any disagreements
about inclusion were resolved by consensus or arbitration
by a third reviewer.

Statistical Analysis
The study-by-study comparisons were synthesized by a standard meta-analytic approach applied to the relative risks
(RRs) of the individual 2  2 tables. Heterogeneity of the
exposure effects was evaluated graphically using Forest plots
and statistically using the l2 statistic to quantify heterogeneity
across studies. A ﬁxed- or random-effects model for metaanalysis was implied to calculate an overall RR and its 95%
conﬁdence interval (CI). Because the c2 test for heterogeneity
has low power in the situation of a meta-analysis when
studies have small sample size or are few in number, a P value
of .10, rather than the conventional level of .05, was used to
determine statistical signiﬁcance. Statistical analyses were
performed using RevMan 5.0 (Cochrane Collaboration).

RESULTS
Studies Selection and Characteristics
The search strategy yielded 401 citations. Review of the titles
and abstracts indicated that 302 were not relevant. Of the 99
remaining publications, 75 were excluded because neither
pregnancy nor miscarriage data were reported. One study
was excluded because all its data were duplicated in a later
article that we have included in our meta-analysis. An additional seven articles were excluded because a 2  2 table
could not be constructed from the data. One of the studies
was later replaced by an updated report that included all of
the earlier patients (Fig. 1).
The total number of eligible studies included in the review
was 16 (one IVF study, four ICSI studies, nine IVF/ICSI
studies, and two IVF/ICSI/IUI studies), comprising 3,106 couples and reporting pregnancy rate after ART with 1,084 pregnancies. Of these, 14 publications involving 2,756 couples
also reported miscarriage rate with 965 pregnancies and
187 miscarriages.
The study characteristics are depicted in Table 1. Of these
16 articles, 14 were reportedly prospective, and 2 were retrospective and prospective. Eight of the studies evaluated the
sperm DNA damage in raw semen samples: one study (43)
used testicular spermatozoa, and seven studies reported
DNA damage in prepared semen samples. One of the studies
999
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FIGURE 1

Flow chart showing study selection process.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.

evaluated couples with a history of multiple IVF failures (13).
Five of these studies used the sperm chromatin structure assay
(SCSA) to evaluate the sperm DNA damage; seven studies
used the TUNEL assay, two studies the Comet assay, and
two used acridine orange. The threshold for deﬁning high
DNA damage varied between 10% and 50% of the sperm
population.

Meta-analysis
Sixteen studies were included in our meta-analysis to evaluate the effect of sperm DNA damage on pregnancy rate after
ART. We found a signiﬁcant decrease in pregnancy in patients with high DNA damage compared with those with
low DNA damage. There was moderate statistical heterogeneity in the results, although not signiﬁcant at P< .1 (l2 ¼ 30%,
P¼ .12). The random-effects model combined odds ratio (OR)
was 0.81 (95% CI 0.70–0.95; P¼ .008) (Fig. 2).
Of these studies, 14 also evaluated the effect of sperm
DNA damage on miscarriage rate. The result of the metaanalysis indicated a signiﬁcantly increased miscarriage rate
in patients with high sperm DNA damage. The Q statistic
P value was below .1, indicating heterogeneity of the studies
(l2 ¼ 44%, P¼ .04). The random-effects model was implied,
1000

and the combined OR was 2.28 (95% CI 1.55–3.35;
P< .0001) (Fig. 3).
When we evaluated the effect of sperm DNA damage on
pregnancy rate after IVF, nine studies were included. We
found a signiﬁcant decrease in pregnancy in patients with
high DNA damage compared with those with low DNA damage. There was good statistical heterogeneity in the results,
although not signiﬁcant at P< .1 (l2 ¼ 10%, P¼ .36). The
random-effects model combined OR was 0.66 (95% CI 0.48–
0.90; P¼ .008) (Supplemental Fig. 1, available online). Ten
studies were used to analyze this effect in ICSI cycles. We
did not ﬁnd signiﬁcant decrease in pregnancy in patients
with high DNA damage compared with those with low DNA
damage. The Q statistic P value was < .1, indicating heterogeneity of the studies (l2 ¼ 45%, P¼ .06). The random-effects
model combined OR was 0.94 (95% CI 0.70–1.25; P¼ .65)
(Supplemental Fig. 2, available online).
We also evaluated the effect of sperm DNA damage on
miscarriage rate in IVF or ICSI cycles. Eight studies and seven
studies were included in IVF and ICSI cycles, respectively. The
result indicated a signiﬁcantly increased miscarriage rate
with high sperm DNA damage after ICSI (OR 2.68; 95% CI
1.40–5.14; P¼ .003), and there was good statistical heterogeneity in the results (l2 ¼ 10%, P¼ .36) (Supplemental Fig. 3,
VOL. 102 NO. 4 / OCTOBER 2014
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TABLE 1
Characteristics of studies of the effect of sperm DNA damage on pregnancy and miscarriage after IVF/ICSI.
Study
year
First author (reference) Type of study Treatment
2002
2004
2004
2005
2005
2005
2006
2006
2007
2007
2007
2008
2008
2011
2013
2013

Morris (24)
Gandini (34)
Virro (12)
Check (13)
Greco (43)
Zini (37)
Borini (39)
Boe-Hansen (70)
Ozmen (18)
Benchaib (14)
Bungum (15)
Frydman (16)
Lin (17)
Esbert (71)
Simon (19)
Dar (20)

Pro
Pro
Pro and Retro
Pro
Pro
Pro
Pro
Pro
Pro
Pro
Pro
Pro
Pro and Retro
Pro
Pro
Pro

IVF/ICSI
IVF/ICSI
IVF/ICSI
ICSI
ICSI
IVF/ICSI
IVF/ICSI
IUI/IVF/ICSI
ICSI
IVF/ICSI
IUI/IVF/ICSI
IVF
IVF/ICSI
IVF/ICSI
IVF/ICSI
ICSI

High DNA damage

Low DNA damage

Assay

Threshold (%)

T

P

M

T

P

M

Comet assay
SCSA
SCSA
SCSA
TUNEL
Acridine orange
TUNEL
SCSA
TUNEL
TUNEL
TUNEL
TUNEL
SCSA
TUNEL
Comet assay
Acridine orange

N
27
30
30
15
30
10
27
10
15
30
35
27
36
50
50

31
10
57
29
18
11
43
25
8
44
201
52
43
26
192
39

9
5
16
8
1
6
5
7
1
14
55
20
22
11
37
19

3
0
N
5
1
2
3
N
1
5
14
7
6
5
5
7

22
24
107
77
18
49
89
161
34
258
797
65
180
135
147
114

6
7
50
26
8
25
25
46
10
92
242
40
93
76
49
53

0
0
N
11
0
3
2
N
3
7
55
4
9
8
8
13

Note: T ¼ total number; P ¼ pregnancy; M ¼ miscarriage; Pro ¼ prospective cohort study; Retro ¼ retrospective cohort study; N ¼ not mentioned.
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available online). No signiﬁcant effect of high sperm DNA
damage on miscarriage rate was found after IVF (OR 1.84;
95% CI 0.98–3.46; P¼ .06), with good statistical heterogeneity
(l2 ¼ 39%, P¼ .15) (Supplemental Fig. 4, available online).
In addition, we presented stratiﬁed results by the technique used to assess sperm DNA integrity separately. Because
the studies using Comet and acridine orange were too small
(n ¼ 2), we analyzed TUNEL and SCSA and combined the
data of Comet and acridine orange as a third group. When
evaluating the effect of sperm DNA fragmentation on preg-

nancy, seven, ﬁve, and four studies were included in the three
groups, respectively. The result indicated a signiﬁcantly
decreased pregnancy rate with high sperm DNA damage
with TUNEL (OR 0.74; 95% CI 0.58–0.94; P¼ .01), and there
was no signiﬁcant association between pregnancy rate with
sperm DNA fragmentation when tested with SCSA (OR 0.89;
95% CI 0.67–1.19; P¼ .44) and Comet assay and acridine
orange (OR 0.87; 95% CI 0.60–1.25; P¼ .44) (Supplemental
Fig. 5, available online). There were seven, three, and four
studies with TUNEL, SCSA, and Comet assay and acridine

FIGURE 2

Forest plot showing the results of meta-analysis of studies comparing the effect of high sperm DNA damage and low sperm DNA damage on
pregnancy after IVF/ICIS.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.
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FIGURE 3

Forest plot showing the results of meta-analysis of studies comparing the effect of high sperm DNA damage and low sperm DNA damage on
miscarriage after IVF/ICSI.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.

orange, respectively, that were included to assess the effect of
sperm DNA fragmentation on miscarriage. We found a significantly increased miscarriage rate with high sperm DNA damage with TUNEL (OR 3.23; 95% CI 1.67–6.27; P¼ .0005) and
SCSA (OR 1.90; 95% CI 1.01–3.59; P¼ .05), and we did not
ﬁnd signiﬁcant association between miscarriage rate with
sperm DNA fragmentation when tested with Comet assay
and acridine orange (OR 1.43; 95% CI 0.82–2.50; P¼ .20).
(Supplemental Fig. 6, available online).
The studies scored well on the Newcastle–Ottawa Quality
Assessment Scale (not shown). The funnel plot of metaanalysis evaluating the effect of sperm DNA damage on pregnancy rate suggests a lack of publication bias, owing to its
symmetrical shape, although a small study may have been
missed (Supplemental Fig. 7, available online). However, the
studies showed modest publication bias when assessing the
effect of sperm DNA damage on miscarriage rate
(Supplemental Fig. 8, available online).

DISCUSSION
To date only two reviews (9, 41) have evaluated the
association between sperm DNA damage and miscarriage
with or without assisted reproduction, and the present study
is to our knowledge the largest in regard to sample size,
with 3,106 IVF/ICSI cycles. In the present systematic review,
16 studies and 14 studies were included to evaluate the
effect of sperm DNA damage on pregnancy and miscarriage,
respectively. Sperm DNA damage was statistically
signiﬁcantly associated with pregnancy (combined RR 0.81;
95% CI 0.70–0.95; P¼ .008) and miscarriage (combined RR
2.28; 95% CI 1.55–3.35; P< .0001). The two RR values
demonstrated that a high frequency of sperm with elevated
DNA damage (sperm DNA damage above the cutoff point) is
associated with a decreased chance of pregnancy and
1002

increased chance of miscarriage. The conclusion was in
agreement with the systematic reviews by Zini et al. (9) and
Robinson et al. (41), but we included an additional several
publications and evaluated not only miscarriage but also
pregnancy after IVF/ICSI.
In the present study we also analyzed the effect of sperm
DNA damage on outcome after ICSI cycles or IVF cycles. The
results showed a signiﬁcant decrease in pregnancy with high
DNA damage after IVF cycles (OR 0.66; 95% CI 0.48–0.90;
P¼ .008), whereas there was no such effect on pregnancy after
ICSI cycles (OR 0.94; 95% CI 0.70–1.25; P¼ .65). When evaluating the effect on miscarriage, there was signiﬁcantly
increased miscarriage with high DNA damage after ICSI
cycles (OR 2.68; 95% CI 1.40–5.14; P¼ .003), whereas there
was no such effect after IVF cycles (OR 1.84; 95% CI 0.98–
3.46; P¼ .06). Our results were consistent with the research
by Sun et al. (44), who believe sperm DNA damage may be
most strongly correlated with abnormal morphology and second with abnormal sperm motility. With ICSI, sperm with
normal morphology are selected for injection, which theoretically should reduce the impact of DNA damage on the fertilized zygote, and clinical results should be better than for IVF
samples with high DNA damage with random fertilization.
In addition, we evaluated the effect of sperm DNA damage on outcome with different techniques testing sperm
DNA integrity. We analyzed TUNEL and SCSA and combined
the Comet and acridine orange results, because the studies
using Comet and acridine orange were small. The three subgroups showed that sperm DNA fragmentation has signiﬁcant
effect on pregnancy with TUNEL, whereas there was no such
effect with SCSA and with combining Comet and acridine orange. When analyzing the association between sperm DNA
fragmentation and miscarriage, the subgroups all showed
that sperm DNA fragmentation has a signiﬁcant effect on
miscarriage. Such contradiction is probably due to differences
VOL. 102 NO. 4 / OCTOBER 2014
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in methodology (between and within DNA tests), sensitivity of
tests or speciﬁc types of DNA damage measured by each test,
and patient groups. Although these tests are methodologically
different, they both provide a direct evaluation of DNA
damage.
A strength of systematic reviews is the improved precision of the summary RR estimates compared with the individual studies. The combined estimate in these studies indicated
that sperm DNA damage has an effect on pregnancy and
miscarriage after IVF/ICSI/IUI. Evaluating the effect on pregnancy, there were four studies in which the RRs were above 1
slightly, and the combined RR was below 1 (95% CI 0.70–
0.95). Evaluating the effect on miscarriage, the RRs of the
nine studies were greater than unity, although the number
of miscarriages in some studies was small. On the other
hand, a weakness of this meta-analysis is the highly variable
study characteristics: different sperm DNA damage test assays, different treatment types (IVF/ICSI/IUI), and different
thresholds for DNA damage were used. Female inclusion/
exclusion criteria and the deﬁnition of pregnancy loss were
not always clearly stated or varied.
Many studies did not use a clinically relevant cutoff level
but selected the cutoff on the basis of [1] a previously reported
cutoff (17, 39), [2] the median value for the study population
(16), or [3] receiver operating characteristic curves (14). Thus,
it may be unreasonable to exclude studies that did not use a
clinically relevant cutoff level.
There was no difference in the effect of high DNA damage
on miscarriage with different fertility treatments (41). However, paternal age may have a link with miscarriage. Older men
(R40 years) have more double-strand DNA breaks, and sperm
are incapable of DNA repair and rely on the oocyte for repair
after fertilization (45). It is acknowledged that oocyte quality
is strongly attributed to female age, and the innate capacity to
repair sperm DNA damage may be weaker in eggs from older
women (R35 years). Besides, there are a number of assays
that are used to analyze DNA damage, and it is worth noting
that the reported percentages of sperm with DNA damage
have varied meanings between different techniques (9, 41).
The ﬁnding of an association between sperm DNA damage and clinical outcome of IVF/ICSI is consistent with the
results reported in other otherwise eligible studies. Indeed,
an association between sperm DNA damage and pregnancy/
miscarriage has been observed in non-IVF studies. A study
by Carrell et al. (29) reported that recurrent miscarriage is
related to higher levels of sperm DNA damage, and Evenson
et al. (46) observed that pregnancy loss rate increased significantly with sperm DNA damage. Animal studies (47–49)
regarding the possible mechanism underling the association
between sperm DNA damage and miscarriage showed that
sperm DNA damage can lead to abnormal embryo
development and impaired embryo implantation.
When interpreting these pregnancy outcome data, it is
important to understand that in any population of sperm
the DNA damage levels per cell are heterogeneous. Therefore,
if the fertilizing sperm is randomly picked naturally or by
ICSI, the detailed frequency distribution of damage levels in
the population will be what affects the pregnancy outcome.
One group suggests that paternal effects on early developVOL. 102 NO. 4 / OCTOBER 2014

ment, before the activation of the embryonic genome, are
mediated by centrosome dysfunction or deﬁciency of
oocyte-activating factors and are not associated with high
frequency of sperm with DNA damage. However, increased
sperm DNA damage has been associated with a ‘‘late paternal
effect’’ during the activation of male gene expression and
hence could give rise to an increased risk of miscarriage (31).
Damage to DNA in sperm can be induced by many mechanisms (50), and oxidative stress is a primary cause for DNA
damage in spermatozoa (51–54). Reactive oxygen species
(ROS) are principally produced by leucocytes and sperm
cytoplasm (55). The spermatozoa that reﬂect such stress
most profoundly are those morphologically abnormal cells,
and they will produce less ROS than immature sperm
because the latter contain more cytoplasm. Normally the
amount of ROS produced is counterbalanced by endogenous
antioxidant activity, but if this balance is impaired then
extensive DNA damage can occur. Subfertile men seem to
have lower levels of antioxidative activity than fertile men
(56–58).
It is important to develop strategies that reduce sperm
DNA damage in humans. Antioxidants (such as vitamins C
and E, folate, zinc, selenium, carntine, and carotenoids) are
scavengers of ROS, and they have been proposed as a treatment to reverse the adverse impact of high ROS concentrations
on semen parameters (59–62). However, some caution should
be used when using antioxidants: one study reported a >20%
increase in sperm decondensation (63), and excessive levels of
antioxidants can be harmful (64, 65). In addition to
antioxidants, eliminating exposure to environmental toxins
and reducing testicular hyperthermia may help optimize
sperm DNA integrity (66, 67). Varicocele repair may also
reduce sperm DNA damage, particularly in men with high
levels of baseline sperm DNA damage (37, 38, 68).
To conclude, the ﬁndings of this systematic review
demonstrate that sperm DNA damage has a detrimental effect
on the clinical outcome (pregnancy/miscarriage) after IVF/
ICSI. Although the number of events in some studies is relatively small and the study characteristics are variable, tests
for DNA damage and selection of undamaged sperm should
be considered as part of the diagnostic and treatment pathways for those with recurrent pregnancy failure. Selecting
ICSI sperm by maturation markers such as hyaluronic acid
or other zona pellucida receptors, and/or by novel noninvasive imaging techniques, could help to prevent fertilization
by DNA-damaged sperm (69). Further research is required
into the mechanisms responsible for and preventing DNA
damage, including antioxidant therapy.
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SUPPLEMENTAL FIGURE 1

Forest plot showing the results of meta-analysis of studies comparing the effect of high sperm DNA damage and low sperm DNA damage on
pregnancy after IVF.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.
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SUPPLEMENTAL FIGURE 2

Forest plot showing the results of meta-analysis of studies comparing the effect of high sperm DNA damage and low sperm DNA damage on
pregnancy after ICSI.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.
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SUPPLEMENTAL FIGURE 3

Forest plot showing the results of meta-analysis of studies comparing the effect of high sperm DNA damage and low sperm DNA damage on
miscarriage after ICSI.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.
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SUPPLEMENTAL FIGURE 4

Forest plot showing the results of meta-analysis of studies comparing the effect of high sperm DNA damage and low sperm DNA damage on
miscarriage after IVF.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.
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ORIGINAL ARTICLE: ANDROLOGY

SUPPLEMENTAL FIGURE 5

Forest plot showing the results of meta-analysis of studies comparing the effect of sperm DNA damage on pregnancy, with different types of
techniques testing sperm DNA fragmentation.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.
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SUPPLEMENTAL FIGURE 6

Forest plot showing the results of meta-analysis of studies comparing the effect of sperm DNA damage on miscarriage, with different types of
techniques testing sperm DNA fragmentation.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.
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SUPPLEMENTAL FIGURE 7

Funnel plot of analysis for the effect of sperm DNA damage on
pregnancy, showing the results of Eggers to assess publication bias.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.
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SUPPLEMENTAL FIGURE 8

Funnel plot of analysis for the effect of sperm DNA damage on
miscarriage, showing the results of Eggers to assess publication bias.
Zhao. Effect of sperm DNA fragmentation on ART outcome. Fertil Steril 2014.
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