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Objective. To analyze the effect of sperm DNA fragmentation index (DFI) on the outcomes of in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI). Methods. Literature search was conducted on English databases PubMed, Cochrane,
and Embase to obtain eligible studies. Results. A total of 11 cohort studies were included and analyzed using the random
effects model. The results illustrated that the IVF fertilization rate (RR =0.94, 95% CI: 0.77-1.14, P=0.61), pregnancy rate
(RR=0.83, 95% CI: 0.57-1.21, P=0.32), and live birth rate (RR=0.53, 95% CI: 0.16-1.80, P=0.31) in the high DFI group
were statistically insignificant with those in the low FI group. The correlations between DFI and ICSI fertilization rate
(RR=0.79, 95% CI: 0.52-1.18, P = 0.25), pregnancy rate (RR =0.89, 95% CI: 0.74-1.06, P = 0.18), and live birth rate (RR = 0.89,
95% CI: 0.70-1.14, P = 0.36) were also not statistically significant. Conclusion. This study has observed no significant correlation
between sperm DFI and assisted reproductive outcomes. Multicenter large-sample clinical trials are required to conclusively

determine the impact of DNA damage on the clinical outcomes of assisted reproduction.

1. Introduction

Infertility is a worldwide health problem that has an inci-
dence of about 7%-15% [1]. In recent years, with the contin-
uous development of medical technology, assisted
reproductive technology (ART), including intrauterine arti-
ficial insemination (IUI), in vitro fertilization (IVF), and
intracytoplasmic sperm injection (ICSI), has brought new
options to infertile couples. Among the causes of infertility
symptoms, male factors such as oligospermia, low sperm
motility, and abnormal sperm morphology lead to approxi-
mately the same rate of infertility as female factors such as
endometriosis and blocked fallopian tubes [2]. In particular,
merging data have shown that male sperm disorders were
drastically associated with clinical outcomes in ART [2].

As the carrier of human genetic material, sperm DNA
plays a crucial role in human reproduction and survival by

transferring genetic material to offspring completely. Since
sperm has no repair mechanisms, DNA damage is present in
almost all sperms. Whether sperm DNA damage has an
adverse impact on reproductive outcomes is a question of par-
ticular clinical concern [3]. Studies have shown that the integ-
rity of sperm DNA has a significant correlation with the
decline of female natural pregnancy rate and male infertility
[4]. At present, the pregnancy rate of IVF and intracytoplas-
mic sperm injection is low. Therefore, it is increasingly neces-
sary to develop techniques to accurately diagnose sperm
damage and predict the impact on the clinical results of
assisted reproduction [5]. With the continuous development
and improvement of sperm detection technology, emerging
methods to detect the integrity of sperm chromatin have been
established, including comet assay, sperm chromatin diftusion
assay (SCD), terminal transferase-mediated dUTP terminal
labelling (TUNEL), sperm chromatin structure analysis
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(SCSA), and acridine orange test. Currently, the SCSA is
considered the “gold standard” for sperm DNA integrity
detection.

Therefore, this study is aimed at exploring the impact of
sperm DNA fragment index on assisted reproduction
through literature retrieval and meta-analysis. The detection
method of sperm integrity is limited to “gold standard”
chromatin structure analysis.

2. Methods

2.1. Bibliography Retrieval. The English databases PubMed,
Cochrane, and Embase were searched from January 2000
to March 2022. The search method was medical subject
headings combined with free words. The search items
included “in-vitro fertilization OR IVF OR intracytoplasmic
sperm injection OR ICSI OR assisted reproductive technique
OR ART” AND “Sperm DNA damage OR sperm DNA frag-
mentation OR DNA fragmentation index OR DFI” AND
“sperm chromatin structure assay OR SCSA.”

2.2. Literature Screening. The following are the inclusion cri-
teria: (1) subjects with normal ovarian reserve function
receiving IVF or ICSI; (2) stratification of patients into the
low- and high-DFI groups; (3) outcome measures including
at least one of the following: IVF/ICSI fertilization rate, preg-
nancy rate, or live birth rate; (4) prospective or retrospective
cohort study; and (5) DFI detection by SCSA.

The following are the exclusion criteria: (1) DFI not
detected by SCSA; (2) ART other than IVF or ICSI; (3) news
reports, expert opinions, critical literature, and abstracts; (4)
republished literature; (5) incomplete data information or
insufficient literature available for data analysis; (6) DIF
threshold not clearly defined; and (7) unavailable full text.

2.3. Document Data Extraction. Two researchers conducted
literature search and screened potentially eligible studies
according to the inclusion/exclusion criteria. The following
relevant data were extracted, including title, publication
date, author’s name, research type, study population, inter-
vention measures, outcome measures, research methods,
and subject characteristics. Any disagreements were resolved
by discussion and arbitration by another independent senior
author.

2.4. Literature Quality Evaluation. The NHLBI-NIH guide-
lines (http://www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools) were applied to evaluate the quality of
the included studies. The quality assessment tool contained
14 questions with an answer of “yes/no” for each item. On
a scale of 14 points, higher score indicated better quality.
Two researchers independently evaluated the quality of the
included literature before cross-checking. Discrepancies
were settled by consulting a third researcher.

2.5. Statistical Method. The Cochrane software RevMan5.4
was utilized for data analysis. The categorical data were com-
pared using the relative risk (RR) coefficient with 95% confi-
dence interval. Interstudy heterogeneity was evaluated using
the chi-square test and the I? statistic, with I? > 50% denot-
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ing significant heterogeneity. The RR was calculated with the
fixed or random effects model depending on the heterogene-
ity assessment. Egger’s test and funnel plot were consulted to
estimate possible publication bias. A two-sided P value <
0.05 denoted statistical significance.

3. Results

3.1. Literature Search Results. 2132 relevant literatures were
obtained through database retrieval in this study. After
exclusion of duplicate publications, the study title and
abstracts were screened for eligibility. Finally, a total of 12
publications were finally included in this meta-analysis.
The specific screening process and results are shown in
Figure 1.

3.2. Characteristics and Quality Evaluation. The basic infor-
mation of the 12 included English literatures [6-17] is
shown in Table 1. All these were cohort studies published
between 2005 and 2020, of which 4 were retrospective, 5
were prospective, and 3 were bidirectional cohort studies.
Five articles reported using both ICSI and IVT, whereas 5
and 1 publication employed only ICSI and IVT, respectively.
The other 6 papers studied both ICSI and IVT techniques.
The DFI threshold defined varied across studies, with an
overall range of 15% -30%. A total of 5, 7, and 3 studies
reported IVT fertilization rate, pregnancy rate, and live birth
rate, respectively. There were 5, 10, and 3 articles reported
ICSI fertilization rate, pregnancy rate, and live birth rate,
respectively. The total score of NHLBI-NIH were 8-10
points, with only 1 scored 5 points. The scoring results are
shown in Table 1. The quality of the included literature
was evaluated to be high.

3.3. Meta-analysis Results

3.3.1. Correlation between DFI and IVF Clinical Outcomes.
Patients were divided into the high- and low-DFI groups,
using the boundary value as the DFI threshold. The hetero-
geneity assessment of the IVF fertilization rate, pregnancy
rate, and live birth rate was I? = 55%, 73%, and 76%, respec-
tively. Significant heterogeneity was noted, for which the
random effects model was applied. The results of the meta-
analysis showed that the IVF fertilization rate in the high
DFI group was statistically insignificant with that in the
low DFI group (RR =0.94, 95% CI: 0.77-1.14, Z=0.51,P =
0.61), as shown in Figure 2. Similarly, the IVF pregnancy
rate in both groups was also insignificant (RR =0.74, 95%
CIL: 0.50-1.12; Z=1.47,P=0.14) (Figure 3). The IVF live
yield in the high DFI group was also insignificant with that
in the low DFI group (RR=0.53, 95% CI: 0.16-1.80; Z =
1.01, P=0.31) (Figure 4). However, the IVF pregnancy rate
and live birth rate in the high DFI group were significantly
lower than those in the DFI when the fixed effects model
was used.

3.3.2. Correlation between DFI and ICSI Clinical Results. No
significant differences with regard to ICSI fertilization rate,
pregnancy rate, and live birth rate were noted between the
high- and low- DFI groups. The correlation between DFI
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TaBLE 1: Basic characteristics of included literature.
. Outcome Quality
Author/year Research type ART DFI detection method DFI threshold g
indicators score
Bungum [9] Cohort study ICSI and IVF SCSA 27% OOOO®G® 8
Zini [16] Cohort study 1CSI SCSA 15% and 30% ® 8
Boe-Hansen [6]  Retrospective cohort study ~ ICSI and IVF SCSA 27% ®6 6
Bungum (8] Prospective cohort study ~ ICSI and IVF SCSA 30% OO®G® 8
Micinski [12] Prospective cohort study ICSI SCSA 15% ® 5
Speyer [14] Cohort study ICSI and IVF SCSA 30%IVF 19% ICSI OO®G 8
Niu [13] Prospective cohort study IVF SCSA 27% OB 8
Bradley [7] Retrospective cohort study ICSI SCSA 29% @GO 9
Gat [10] Retrospective cohort study ICSI SCSA <15% and>30% ® 8
Yang [15] Retrospective cohort study ~ ICSI and IVF SCSA 15% and 30% @G 8
Green [11] Prospective cohort study 1CSI SCSA 15% (0O 10
Jiang [17] Prospective cohort study ~ ICSI and IVF SCSA 30% (06 8

@ IVF fertilization rate, @ IVF pregnancy rate, ® IVF live birth rate, @ ICSI fertilization rate, ® ICSI pregnancy rate, and ® ICSI live birth rate.

and ICSI fertilization rate, pregnancy rate, and live birth rate
were RR=0.79 (95% CI: 0.52-1.18, P =0.25, Figure 5), RR
=0.90 (95% CI: 0.76-1.07, P =0.24, Figure 6), and RR =
0.89 (95% CI: 0.70-1.14, P = 0.36, Figure 7), respectively.

3.3.3. Publication Bias Analysis. Funnel plots were drawn for
the study groups with >5 included literatures. The results
showed that the included literatures were distributed symmet-
rically around the combined effect RR value, suggesting no
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HDFI LDFI Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bungum 2004 6 31 47 141 13.5% 0.58 [0.27, 1.24] B
Bungum 2007 15 55 79 275 22.8% 0.95 [0.59, 1.52] -
Green 2020 34 42 95 138 36.2% 1.18 [0.98, 1.41] il
Niu 2011 9 40 88 398 17.7% 1.02 [0.56, 1.86] -
Speyer 2010 4 34 78 345 9.8% 0.52 [0.20, 1.33] 1
Total (95% CI) 202 1297 100.0% 0.92 [0.65, 1.29]
Total events 68 387
Heterogeneity: Tau? = 0.07; Chi? = 8.80, df = 4 (P = 0.07); I = 55% b t ' y )
Test for overal effect: Z = 0.51 (P = 0.61) 0.01 0.1 1 10 100
Favours [experimental] Favours [control]
Ficure 2: Correlation between DFI and IVF fertilization rate.
HDFI LDFI Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bungum 2004 4 18 33 91 5.8% 0.61 [0.25, 1.52] I
Bungum 2007 2 62 77 326 13.1% 0.14 [0.03, 0.54]
Green 2020 30 40 91 138 21.7% 1.14 [0.92, 1.41] ™
Jiang 2011 4 30 37 107 8.6% 0.39 [0.15, 1.00] - ]
Niu 2011 8 21 84 235 7.3% 1.07 [0.60, 1.89] -
Speyer 2010 4 8 31 116 2.1% 0.47 [0.07, 3.00]
Yang 2019 8 74 453 786 41.4% 0.89[0.71, 1.12] L
Total (95% CI) 253 1799 100.0% 0.79 [0.67, 0.93] ¢
Total events 87 806
Heterogeneity: Chi? = 22.14; df = 6 (P = 0.001); I* = 73% ’ ’ ’ ’
0.02 0.1 1 10 50
Test for overal effect: Z = 2.78 (P = 0.005) .
Favours [experimental] Favours [control]
F1GURE 3: Correlation between DFI and IVF pregnancy rate.
HDFI LDFI Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bungum 2004 4 18 27 91 37.0% 0.75[0.30, 1.88] =
Bungum 2007 1 62 62 326 21.3% 0.08 [0.01, 0.60] =
Niu 2011 7 21 78 235 41.7% 1.00 [0.53, 1.89] I
Total (95% CI) 101 652 100.0% 0.53 [0.16, 1.80]
Total events 12 167
Heterogeneity: Tau” = 0.83; Chi® = 8.30, df = 2 (P = 0.02); I* = 76% o 61 0'1 J 1'0 1(')0
Test for overal effect: Z = 1.01 (P = 0.31) ’ :
Favours [experimental] Favours [control]
FiGUre 4: Correlation between DFI and IVF live birth rate.
HDFI LDFI Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Boe-Hansen 2006 6 29 12 42 13.1% 0.72[0.31, 1.71] e
Bradley 2016 13 51 468 1174 21.9% 0.64 [0.40, 1.03] =
Bungum 2004 12 32 24 76 19.7% 1.19 [0.68, 2.07] 1
Bungum 2007 26 65 44 128  24.4% 1.16 [0.79, 1.71] I
Speyer 2010 18 149 40 147  21.0% 0.44 [0.27, 0.74] "
Total (95% CI) 326 1567 100.0% 0.79 [0.52, 1.18] <>
Total events 75 588 ) ) ) )
Heterogeneity: Tau® = 0.14; Chi* = 12.05; df =4 (P = 0.02); I* = 67% 0 61 0'1 j 1'0 1(')0
Test for overal effect: Z = 1.15 (P = 0.25) ) :
Favours [experimental] Favours [control]

FiGure 5: Correlation between DFI and ICSI fertilization rate.
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HDFI LDFI Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Boe-hansen 2006 6 18 9 29 6.8% 1.07 [0.46, 2.51]

Bradley 2016 20 80 689 1727 16.6% 0.63[0.43, 0.92] -

Bungum 2004 9 17 20 49 11.7% 1.30 [0.74, 2.27] -

Bungum 2007 35 73 56 150 18.7% 1.28 [0.94, 1.76] I

Gat 2017 3 25 11 64 4.0% 0.70 [0.21, 2.29]

Jiang 2011 7 18 9 32 7.4% 1.38 [0.62, 3.08] -

Micinski 2009 2 21 11 39 3.0% 0.34 [0.08, 1.38] ¢

Speyer 2010 3 22 26 74 4.6% 0.39 [0.13, 1.16]

Yang 2019 37 81 32 74 17.6% 1.06 [0.74, 1.50] -

Zini 2005 6 11 12 23 9.6% 1.05 [0.54, 2.04] -

Total (95% CI) 366 2261 100.0% 0.95[0.74, 1.24]

Total events 128 875

Heterogeneity: Tau® = 0.07; Chi* = 16.37; df = 9 (P = 0.06); I* = 45%
Test for overal effect: Z = 0.36 (P = 0.72)

0.1 0.2 0.5 1 2 5 10

Favours [experimental] Favours [control]

FiGurek 6: Correlation between DFI and ICSI pregnancy rate.

HDFI LDFI Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bungum 2016 20 80 670 1727 36.2% 0.64 [0.44, 0.95] =
Bungum 2004 8 17 17 49  25.9% 1.36 [0.72, 2.56]
Bungum 2007 31 73 53 150  37.9% 1.20 [0.85, 1.69]
Total (95% CI) 170 1926 100.0% 0.99 [0.61, 1.60]
Total events 59 740 . . . .
Heterogeneity: Tau® = 0.13; Chi*> = 7.31; df = 2 (P = 0.03); I* = 73% J ' J ' X
0.01 0.1 1 10 100

Test for overal effect: Z = 0.04 (P = 0.97)

Favours [experimental] Favours [control]

FiGure 7: Correlation between DFI and ICSI live birth rate.

significant publication bias (P > 0.05), as shown in Figures 8—
11. Similarly, Egger’s test performed for groups with <5
included articles also showed no publication bias (P > 0.05).

4. Discussion

Currently, studies that analyzed the relationship between
sperm DNA damage and clinical outcomes following IVF
and intracytoplasmic sperm injection reported inconsistent
findings. There is still ongoing controversy regarding the
impact of DNA loss on ART results. Some studies [18, 19]
have suggested that sperm DNA integrity affects the success
rate of clinical pregnancy by influencing fertilization and
embryonic development. A retrospective cohort study con-
ducted by Boe-Hansen et al. [6] in 2006 showed that the
clinical pregnancy rate in IVF decreased in the presence of
severe DNA damage. In comparison, other studies [20, 21]
reported no correlation between DFI and IVF outcomes.
For instance, studies by Niu et al. [13] have demonstrated
that the DFI index had no significant influences on IVF fer-
tilization rate, clinical pregnancy rate, or delivery rate, and
high DNA fragmentation was only related to low embryo
quality. Although a high degree of DNA fragmentation does
not necessarily affect fertilization rates, once the embryonic
genome is activated, the consequences of damaged paternal
DNA can manifest possibly triggering apoptosis, leading to
early postimplantation miscarriage [22]. DFI values in some
spontaneous abortion groups seem to support this hypothe-

sis, but there is some debate about the effect of DFI on ICIS.
Some scientists believe that sperm DNA integrity will affect
the clinical outcome of ICIS. Micinski et al. [12] indicated
that sperm DNA fragmentation might be related to the preg-
nancy rate after ICSI. Speyer et al. [14] observed that when
DNA fragmentation increased, the fertilization rate in the
ICSI cycle would decrease correspondingly. Moreover,
unfavorable clinical outcomes in terms of fertilization rate,
pregnancy rate, and live birth rate in patients with high
levels of sperm DNA fragmentation were also reported [7].
Others, however, have suggested that DNA integrity had
no impact on the clinical outcome of ICIS. For example,
the retrospective cohort study conducted by Yang et al
[15] in 2019 illustrated no significant differences in fertili-
zation, embryo quality, pregnancy rate, or abortion in ICSI
related to DNA damage. The prospective cohort study
conducted by Green et al. [11] in 2020 also reached a sim-
ilar conclusion. Despite numerous studies discussing the
relationship between DFI and pregnancy rates [23-25],
sperm chromatin testing as part of the assessment of male
fertility potential is still not widely accepted. The reasons
for this are many, chiefly the lack of standardized proto-
cols for reproducible results and the fact that thresholds
in many trials have not been validated. Furthermore, the
limitations of our understanding of the underlying nature
of DFI and the lack of sufficient data demonstrate the rela-
tionship between DFI and reproductive outcomes after
IVF and/or ICSL
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FIGURE 9: Funnel diagram of the correlation between DFI and IVF pregnancy rate.

The 12 literatures were included in this meta-analysis.
The overall quality is high, and the selectivity bias is limited.
At present, SCSA is considered to be the “gold standard” for
sperm DNA integrity detection, which was adopted as the
criteria for inclusion. The heterogeneity test results of the
included studies showed heterogeneity in parameters except
for the ICSI pregnancy rate, for which the fixed effects model
was used for analysis. The meta-analysis results illustrated
that the IVF fertilization rate, pregnancy rate, and live birth
rate of high DIF were statistically insignificant with those in

the IVF group. Differences regarding IVF fertilization rate,
pregnancy rate, and live birth rate in the ICSI group were
also insignificant. Therefore, this study showed that sperm
DNA fragments did not significantly correlate with IVF/ICSI
fertilization rate, pregnancy rate, and live birth rate.

This study suffered from several limitations. First,
because the included literature included men and women
with assisted reproductive age between 30 and 35 years of
age, age-considered subgroup analyses were not considered.
Secondly, the fact that only studies using SCSA for DFI
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F1GUre 11: Funnel diagram of a correlation between DFI and ICSI pregnancy rate.

detection was included may introduce biases that might not
reflect the impact of the overall DNA fragment index on
assisted reproductive outcomes. This study concluded that
no differences were observed in sperm DFI in assisted repro-
ductive outcomes. Although the threshold between high DFI
and low DFI is concentrated at 15%-30%, this range is rela-
tively large, and multiple groups of DFI can be analyzed. In
addition, SCD and TUNEL are other methods to detect
sperm chromatin integrity.

In conclusion, consistent with the newly released guide-
lines related to DNA fragment detection [26], this study

observed no significant correlation between sperm DFI and
assisted reproductive outcomes. Multicenter and large sam-
ple clinical trials should to be carried out to conclusively
determine the impact of DNA damage on assisted reproduc-

tive outcomes.

Data Availability

The data used to support the findings of this study are
included within the article.



Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

Yue Chen and Wei Li contributed equally to this work.

Acknowledgments

This work was supported by the Liaoning Province Science
and Technology Project (No. 2021JH2/10300085).

References

(1]

(2]
(3]

(4]

(6]

(7]

(10]

(11]

J. Datta, M. J. Palmer, C. Tanton et al., “Prevalence of infertility
and help seeking among 15 000 women and men,” Human
Reproduction, vol. 31, no. 9, pp. 2108-2118, 2016.

S. E. Lewis, “Is sperm evaluation useful in predicting human
fertility?,” Reproduction, vol. 134, no. 1, pp. 31-40, 2007.

M. Kuchakulla, M. Narasimman, K. Khodamoradi,
Z. Khosravizadeh, and R. Ramasamy, “How defective sper-
matogenesis affects sperm DNA integrity,” Andrologia,
vol. 53, no. 1, article e13615, 2021.

A. Giwercman, L. Lindstedt, M. Larsson et al., “Sperm chroma-
tin structure assay as an independent predictor of fertility
in vivo: a case-control study,” International Journal of Androl-
0gy, vol. 33, no. 1, pp. €221-e227, 2010.

L. Simon and S. E. Lewis, “Sperm DNA damage or progressive
motility: which one is the better predictor of
fertilizationin vitro?,” Systems Biology in Reproductive Medi-
cine, vol. 57, no. 3, pp. 133-138, 2011.

G. B. Boe-Hansen, J. Fedder, A. K. Ersbgll, and P. Christensen,
“The sperm chromatin structure assay as a diagnostic tool in
the human fertility clinic,” Human Reproduction, vol. 21,
no. 6, pp. 1576-1582, 2006.

C. K. Bradley, S. J. McArthur, A. J. Gee, K. A. Weiss,
U. Schmidt, and L. Toogood, “Intervention improves assisted
conception intracytoplasmic sperm injection outcomes for
patients with high levels of sperm DNA fragmentation: a retro-
spective analysis,” Andrology, vol. 4, no. 5, pp. 903-910, 2016.
M. Bungum, P. Humaidan, A. Axmon et al., “Sperm DNA
integrity assessment in prediction of assisted reproduction
technology outcome,” Human Reproduction, vol. 22, no. 1,
pp. 174-179, 2007.

M. Bungum, P. Humaidan, M. Spano, K. Jepson, L. Bungum,
and A. Giwercman, “The predictive value of sperm chromatin
structure assay (SCSA) parameters for the outcome of intra-
uterine insemination, IVF and ICSL,” Human Reproduction,
vol. 19, no. 6, pp. 1401-1408, 2004.

I. Gat, K. Tang, K. Quach et al., “Sperm DNA fragmentation
index does not correlate with blastocyst aneuploidy or mor-
phological grading,” PLoS One, vol. 12, no. 6, article
e0179002, 2017.

K. A. Green, G. Patounakis, M. P. Dougherty, M. D. Wer-
ner, R. T. Scott Jr., and J. M. Franasiak, “Sperm DNA frag-
mentation on the day of fertilization is not associated with
embryologic or clinical outcomes after IVF/ICSL” Journal
of Assisted Reproduction and Genetics, vol. 37, no. 1,
pp. 71-76, 2020.

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

(24]

(25]

(26]

Computational and Mathematical Methods in Medicine

P. Micinski, K. Pawlicki, E. Wielgus, M. Bochenek, and
I. Tworkowska, “The sperm chromatin structure assay (SCSA)
as prognostic factor in IVF/ICSI program,” Reproductive Biol-
ogy, vol. 9, no. 1, pp. 65-70, 2009.

Z. H. Niu, H. J. Shi, H. Q. Zhang, A. J. Zhang, Y. J. Sun, and
Y. Feng, “Sperm chromatin structure assay results after
swim-up are related only to embryo quality but not to fertiliza-
tion and pregnancy rates following IVE,” Asian Journal of
Andrology, vol. 13, no. 6, pp. 862-866, 2011.

B. E. Speyer, A. R. Pizzey, M. Ranieri, R. Joshi, J. D. A. Del-
hanty, and P. Serhal, “Fall in implantation rates following ICSI
with sperm with high DNA fragmentation,” Human Repro-
duction, vol. 25, no. 7, pp. 1609-1618, 2010.

H. Yang, G. Li, H. Jin, Y. Guo, and Y. Sun, “The effect of sperm
DNA fragmentation index on assisted reproductive technol-
ogy outcomes and its relationship with semen parameters
and lifestyle,” Translational Andrology and Urology, vol. 8,
no. 4, pp. 356-365, 2019.

A. Zini, J. Meriano, K. Kader, K. Jarvi, C. A. Laskin, and
K. Cadesky, “Potential adverse effect of sperm DNA damage
on embryo quality after ICSI,” Human Reproduction, vol. 20,
no. 12, pp. 3476-3480, 2005.

H. H. Jiang, X. J. He, B. Song, and Y. X. Cao, “Sperm chro-
matin integrity test for predicting the outcomes of IVF and ICSL,”
Zhonghua Nan Ke Xue, vol. 17, no. 12, pp. 1083-1086, 2011.

S. Venkatesh, A. Singh, M. B. Shamsi et al., “Clinical signifi-
cance of sperm DNA damage threshold value in the assess-
ment of male infertility,” Reproductive Sciences, vol. 18,
no. 10, pp. 1005-1013, 2011.

D. P. Evenson and R. Wixon, “Clinical aspects of sperm DNA
fragmentation detection and male infertility,” Theriogenology,
vol. 65, no. 5, pp. 979-991, 2006.

H. W. Bakos, J. G. Thompson, D. Feil, and M. Lane, “Sperm
DNA damage is associated with assisted reproductive technol-
ogy pregnancy,” International Journal of Andrology, vol. 31,
no. 5, pp. 518-526, 2008.

N. Frydman, N. Prisant, L. Hesters et al., “Adequate ovarian
follicular status does not prevent the decrease in pregnancy
rates associated with high sperm DNA fragmentation,” Fertil-
ity and Sterility, vol. 89, no. 1, pp. 92-97, 2008.

C. Kennedy, P. Ahlering, H. Rodriguez, S. Levy, and
P. Sutovsky, “Sperm chromatin structure correlates with spon-
taneous abortion and multiple pregnancy rates in assisted
reproduction,” Reproductive Biomedicine Online, vol. 22,
no. 3, pp. 272-276, 2011.

C. Deng, T. Li, Y. Xie et al., “Sperm DNA fragmentation index
influences assisted reproductive technology outcome: a system-
atic review and meta-analysis combined with a retrospective
cohort study,” Andrologia, vol. 51, no. 6, article e13263, 2019.

L. Simon, A. Zini, A. Dyachenko, A. Ciampi, and D. T. Carrell,
“A systematic review and meta-analysis to determine the effect
of sperm DNA damage on in vitro fertilization and intracyto-
plasmic sperm injection outcome,” Asian Journal of Androl-
ogy, vol. 19, no. 1, pp. 80-90, 2017.

Z. Zhang, L. Zhu, H. Jiang, H. Chen, Y. Chen, and Y. Dai,
“Sperm DNA fragmentation index and pregnancy outcome
after IVF or ICSI: a meta-analysis,” Journal of Assisted Repro-
duction and Genetics, vol. 32, no. 1, pp. 17-26, 2015.

P. N. Schlegel, M. Sigman, B. Collura et al., “Diagnosis and

treatment of infertility in men: AUA/ASRM guideline part I,”
Fertility and Sterility, vol. 115, no. 1, pp. 54-61, 2021.



	The Association of Sperm DNA Fragment and Assisted Reproductive Outcomes: A Meta-Analysis
	1. Introduction
	2. Methods
	2.1. Bibliography Retrieval
	2.2. Literature Screening
	2.3. Document Data Extraction
	2.4. Literature Quality Evaluation
	2.5. Statistical Method

	3. Results
	3.1. Literature Search Results
	3.2. Characteristics and Quality Evaluation
	3.3. Meta-analysis Results
	3.3.1. Correlation between DFI and IVF Clinical Outcomes
	3.3.2. Correlation between DFI and ICSI Clinical Results
	3.3.3. Publication Bias Analysis


	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

