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ICSI significantly improved the pregnancy rate of
patients with a high sperm DNA fragmentation index
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Objective: Correlations between semen parameters and sperm DNA fragmentation index (DFI) were investigated to identify characteristics of
sperm without DNA damage that could be used in selecting sperm for intracytoplasmic sperm injection (ICSI). Pregnancy outcomes were com-
pared to determine whether in vitro fertilization (IVF) or ICSl is a better choice for patients who have sperm with a high-DFI.

Methods: Semen analysis was carried out in 388 patients who visited our IVF center for the first time to investigate correlations between sperm
DFl and semen parameters. In addition, 1,102 IVF cycles in 867 patients were carried out in the present study; 921 cycles in the low-DFI group (DFI
<30%) and 181 cycles in the high-DFI group (DFI =30%). Both the low- and high-DFI groups were subdivided into IVF and ICSI cycle groups.
Results: Sperm DFI showed significant inverse correlations with sperm motility (r=-0.435, p <0.001) and morphology (r=-0.153, p <0.05).
Sperm DFI also showed significant correlations with rapid motility (r=-0.436, p <0.001), and the kinetic parameters of average-path velocity
(r=-0.403) and linearity (r=—0.412). Although there was no significant difference in the pregnancy rates between IVF (48.6%) and ICSI (44.8%)
in the low-DFI group, the pregnancy rate of ICSI cycles (44.8%, p < 0.05) was significantly higher than IVF cycles (25.0%) in the high-DFI group.

No significant difference was observed in the abortion rates between the low-DFI (52 of 921, 5.6%) and high-DFI groups (7 of 181, 3.8%).
Conclusion: ICSlis a better choice than IVF for improving the pregnancy outcomes of patients who have sperm with a high DFI.
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Introduction

Sperm DNA fragmentation may occur through one of the following
potential causes: (1) defective chromatin condensation may occur
during spermiogenesis [1]; (2) apoptosis may occur during sper-
matogenesis; and (3) oxidative stress may occur during the transit
period through the male genital tract [2]. Although spermatozoa
have no ability to repair damaged DNA, oocytes and embryos have a
DNA repair system. Nevertheless, if the damage is severe, to the
point that the repair system cannot fix it, embryonic development

Received: Dec 24, 2016 - Revised: Jun 16,2017 - Accepted: Jul 5, 2017
Corresponding author: Hee-Jun Chi

IVF Center, Mamapapa and Baby Clinic, 247 Samsan-ro, Nam-gu, Ulsan 44707,
Korea

Tel: +81-52-258-6006 Fax:+81-52-258-6026 E-mail: hanna129@hanmail.net

This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

132 www.eCERM.org

can be arrested [3].

Various methods are available to assess sperm DNA integrity, in-
cluding the single cell gel electrophoresis assay [4], terminal deoxy-
nucleotidyl transferase-mediated nick end labelling [5], the sperm
chromatin structure assay [6], and the sperm chromatin dispersion
test [7]. The sperm chromatin dispersion test has been recognized as
amuch simpler and economical test than other tests, because it does
not require expensive equipment such as flow cytometry or fluores-
cent microscopy.

To minimize sperm DNA fragmentation and/or to select sperm with-
out DNA fragmentation for assisted reproductive technology (ART),
several strategies have been proposed: the intake of oral antioxidants
[8], varicocele repair [9], intracytoplasmic morphologically selected
sperm injection [10], hyaluronic acid-bound sperm selection [11,12],
the electrophoretic separation technique [13], density gradient cen-
trifugation (DGC) [14-16], magnetic-activated cell sorting [17], and the
combination of DGC and magnetic activated cell sorting [18-20].
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Various thresholds of the DNA fragmentation index (DFI) have been
used in previous studies: 15% [21], 19% [22], 27% [23,24], 30% [25-
28], 35% [29], and 44% [30]. The different threshold values among
the studies may have resulted from the use of different DFI detection
methods, patient populations, type of fertilization (in vitro fertiliza-
tion [IVF] or intracytoplasmic sperm injection [ICSI]), or the sperm
preparation method (swim-up or DGC) for the ART procedures [31].
Recently, it has become generally accepted that a meaningful cutoff
value of the sperm DFI is 30% because DFI values lower than 30%
have been found to be strongly associated with natural conception
and success in intrauterine insemination [32], and values above this
cutoff have been reported to be associated with lower rates of preg-
nancy and delivery [25,27,28].

Several studies have demonstrated that sperm DFI has significant
correlations with the sperm parameters of concentration [25,33],
morphology [4,20,33-35], and motility [4,20,35,36]. However, some
authors did not observe significant correlations between sperm DFI
and morphology [37,38], concentration [20,34], and motility [34].
Moreover, the effect of a high DFI upon the clinical outcomes of IVF
programs is still controversial. Many authors have observed correla-
tions between the DFI and clinical outcomes, including low fertiliza-
tion rates [39,40], embryo quality and development [26,41-44], im-
plantation [22], pregnancy rates [30,45] and increased pregnancy
loss [46-48]. In contrast, other authors have found no significant rela-
tionship between the DFI and pregnancy outcomes from IVF or ICSI
[23,27,49-51]. In addition, although Collins et al. [52] and the Practice
Committee of the American Society for Reproductive Medicine [53]
reported that DNA damage analysis was insufficiently predictive of
pregnancy outcomes to justify its routine use in the evaluation of in-
fertility, many clinicians and embryologists still believe that evaluat-
ing sperm DNA integrity makes a meaningful contribution to the se-
men analysis profile used for both diagnostic and prognostic pur-
poses [54].

Debate also exists regarding whether ICSI or conventional IVF is
preferable for cases of sperm with a high DFI. The widespread use of
ICSI'in treating couples with severe male factor infertility may result
in DNA-damaged sperm mistakenly being injected into the oocyte,
with potentially hazardous consequences [55]. This can occur be-
cause spermatozoa with apparently normal motility and morpholo-
gy may carry fragmented DNA in their nucleus [56] and can fertilize
oocytes [57]. In addition, sperm with the potential to penetrate the
cumulus oophorus layer and to fertilize the oocyte were found to
have greater DNA integrity than those that could not when IVF was
performed [23]. On the contrary, when performing ICSI, embryolo-
gists attempt to select spermatozoa with normal morphology and
rapid motility, and it has been shown that preselected sperm tend to
have less DNA damage [10,58]. Therefore, ICSI is regarded as a pro-
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cess that decreases the likelihood of DNA fragmentation in sperma-
tozoa [59-61].

Many authors have conducted studies to assess possible associa-
tions between sperm DFI and clinical outcomes in ICSI cycles. Some
scientists have reported that sperm DFI in ICSI cycles was not corre-
lated with clinical outcomes, including fertilization rate [22,29,51,62],
embryo quality and development [22,29], the pregnancy rate [22,51],
the live birth rate [61], and pregnancy loss [22]. On the contrary, oth-
er scientists have reported that high DFI significantly decreased the
fertilization rate [21,63], embryo quality and development [62-67],
the pregnancy rate [62,64,67], and ongoing pregnancy [68-70], as
well as increasing the pregnancy loss rate [21,27,28,41,47,62]. In ad-
dition, although some authors have reported that there was no dif-
ference in the pregnancy outcomes of the high-DFI group between
IVF and ICSI cycles [29,42], other authors have observed beneficial
effects of ICSI on clinical outcomes, including the fertilization rate
[21,71], pregnancy rate [23,27,28,51,71], and delivery rate [23], com-
pared to IVF. Thus, these results suggest that ICSI may be preferable
in cases with a high DFI [23,28,51,61,71,72]. However, the selection
of IVF or ICSI for sperm with a high DFI remains an unclear and diffi-
cult problem awaiting resolution.

This study was conducted to investigate whether IVF or ICSl is a
better choice for patients who have sperm with a high DFI. In this
study, correlations between semen parameters and sperm DFIl were
investigated to identify the characteristics of sperm with high DNA
integrity for selecting sperm in ICSI cycles, and pregnancy outcomes
were compared between IVF and ICSI cycles in both low- and high-
DFI groups.

Methods

This was a retrospective study approved by the Institutional Review
Board of Mamapapa and Baby Clinic (IRB No. 2015-02). This study
was carried out from April 2015 to March 2017.

1. Semen analysis and sperm chromatin dispersion test

Semen analysis and the Halosperm test were carried out in 388 pa-
tients who visited IVF center of Mamapapa and Baby Clinic for the
first time. Their semen analysis data and sperm DFl values were used
to analyze correlations between sperm DFIl and semen parameters.
For semen analysis, semen samples were collected by masturbation
after 3 to 7 days of sexual abstinence. After the liquefaction of semen
at room temperature, semen analysis was performed according to
World Health Organization (WHO) guidelines (2010) with computer-
assisted semen analysis (CASA). The sperm chromatin dispersion test
using the Halosperm kit (Halotech DNA, Madrid, Spain) was carried
out according to the process described by Chi et al. [20]. In addition to

133



B CERM

the 388 new patients, the Halosperm test was also carried out in the
semen samples of 867 IVF patients on ovum pick-up day to deter-
mine whether IVF or ICSI would be used as the fertilization method.

2. ART program

A total of 1,102 cycles from 867 IVF patients were included in the
present study, of which 921 cycles belonged to the low-DFI group
(DFI <30%) and 181 cycles belonged to the high-DFI group (DFI
>30%). Both the low- and high-DFI groups were subdivided into IVF
and ICSI cycle groups. In the low-DFI group, 343 IVF and 578 ICSI cy-
cles were conducted, while 36 IVF and 145 ICSI cycles were conduct-
ed in the high-DFI group. ICSI was used in patients who showed vari-
ous manifestations of male factor infertility, including high sperm
DNA damage; a low number of oocytes aspirated; and/or a low fertil-
ization rate in previous IVF cycles. The clinical outcomes of the groups
were compared. Clinical pregnancy was confirmed by ultrasound
confirmation of a gestational sac or heartbeat.

3. Sperm preparation

Semen samples of the patients were treated with DGC using Sper-
mGrad (Vitrolife, Gothenburg, Sweden) after liquefaction. This dis-
continuous density gradient consisted of two (90% and 45%) 1-mL
layers of SpermGrad, and 1 to 3 mL of semen was deposited on the
45% layer. The gradient was then centrifuged at 400 g for 15 minutes.
After centrifugation, the seminal plasma supernatant was discarded,
and the sperm pellet was washed twice with 10 mL of Ham’s F-10
medium (Gibco; Life Technologies, New York, NY, USA) supplemented
with 0.5 mL of synthetic serum substitute (Irvine Scientific, Santa
Ana, CA, USA) by centrifugation. The sperm pellet was washed with 1
mL of embryo culture medium (SAGE 1-Step; Origio, Malov, Den-
mark), and then the pellet was resuspended with the culture medi-
um. Based on our previous results, ICSI was performed for sperm
showing a high movement velocity and normal morphology. How-
ever, motility was the first consideration and morphology was the
second consideration for the selection of sperm for ICSI, because the
DFI showed a significantly higher correlation with motility than with
morphology in our previous study.

4. Embryo quality scoring

Both conventional IVF and ICSI embryos were scored at the follow-
ing three time points after fertilization: 2-cell cleavage (26 hours), day
2 (40-41 hours), and day 3 (64—65 hours). The total summed score of
the highest-quality embryo was 12 points, if the embryo showed
2-cell cleavage (+2 points), morphological grade 1 on day 2 (+5
points), and morphological grade 1 on day 3 (+5 points). The score
was dependent on the morphological grade and cleavage speed of
embryos. The morphological grades of embryos were used to score
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them from grade 1 to 5 according to the number and shape of blas-
tomeres and degree of fragmentation. The characteristics of mor-
phological grades and scores were as follows: grade 1 (5 points), no
fragmentation with equal-sized blastomeres; grade 2 (4 points),
< 10% fragmentation with equal-sized blastomeres or no fragmen-
tation with unequal-sized blastomeres; grade 3 (3 points), 10% <
fragmentation <25%; grade 4 (2 points), 25% < fragmentation
<50%; and grade 5 (1 point), =50% fragmentation. In addition,
when the embryos showed a slow developmental speed, a point
was subtracted from the grade (—1). For example, the score of a 2-cell
stage (grade 1) embryo on day 2 would be 4 points (5—1=4 points).
The mean embryo quality score was calculated by dividing the cu-
mulative embryo scores of transferred embryos by the number of
transferred embryos.

5. Statistical analysis

Statistical analysis was performed with SPSS ver. 11.0 for Windows
(SPSS Inc., Chicago, IL, USA). Means and standard deviations were
calculated for all variables. To assess the relationships of sperm DFI
with semen parameters, motility velocity, and kinetic parameters of
motility, the Pearson correlation coefficient was used. One-way anal-
ysis of variance was used to compare the characteristics of patients
and clinical outcomes between the subgroups (IVF and ICSI cycles) of
the low- and high-DFI groups. The rates of pregnancy and abortion
in the sub-groups were compared using the chi-square test. The p-
values < 0.05 were considered to indicate statistical significance.

Results

We conducted semen analysis and the Halosperm assay in the se-
men samples of 388 patients who visited our IVF center for the first
time to investigate correlations between sperm DFI and semen pa-
rameters (Table 1). Although sperm DFI showed significant inverse
correlations with sperm motility (r=-0.435, p <0.001) and morphol-
ogy (r=—0.153, p <0.05), the DFI did not show a meaningful correla-
tion with the patients’age (r=0.098), semen volume (r=0.045), or

Table 1. Correlations between the sperm DFl and semen parameters
in 388 semen samples

Correlation
Semen parameter Mean+SD  coefficient with p-value
sperm DFI (r)

Male patients’age (yr) 38.0+44 0.098 NS
Volume (mL) 31+£15 0.045 NS
Concentration (105mL)  100.3+97.5 0.091 NS
Motility (%) 499+19.8 -0.435 <0.001
Morphology (%) 62+3.6 -0.153 <0.05

DFI, DNA fragmentation index; SD, standard deviation; NS, not significant.
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sperm concentration (r=0.091). Therefore, sperm DFI showed the
highest correlation with motility, in contrast to other parameters.

We investigated the correlation between sperm DFI and velocity of
motile sperm (Table 2). Motile spermatozoa were classified into three
groups (rapid, medium, and slow velocity) by the CASA system.
Sperm DFI was significantly more strongly associated with rapid mo-
tility (r=—0.436, p<0.001) than medium (r=-0.122, p <0.05) or
slow motility (r=—0.013, not significant). These results indicated that
sperm showing rapid velocity had greater DNA integrity than sperm
with a medium or slow velocity.

We investigated the correlation between sperm DFl and the kinetic
parameters of motility measured by CASA (Table 3). Sperm DFI
showed a significant inverse correlation with all kinetic parameters.
In particular, average-path velocity (r=—0.403) and linearity
(r=-0.412) showed stronger correlations with the DFI than other ki-
netic parameters.

Table 4 summarizes the characteristics of 867 patients and the clini-
cal outcomes of IVF and ICSI cycles (1,102 cycles) in the low- and
high-DFI groups. The 1,102 IVF cycles were divided into low-DFI (921
cycles) and high-DFI (181 cycles) groups, and then both the low-and
high-DFI groups were subdivided into IVF and ICSI cycles. In the low-
DFI group, there were no significant differences in the patients’ age,

Table 2. Correlations between the sperm DFI and the velocity of mo-
tile sperm

Correlation
Motility velocity Mean+SD  coefficient with p-value
sperm DFI (r)
Progressive motility (%)  49.1+19.8 —-0.436 <0.001
Rapid motility (%) 422+189 —0.436 <0.001
Medium motility (%) 6.9+3.2 -0.122 <0.050
Slow motility (%) 1.1£37 -0.013 NS

DFI, DNA fragmentation index; SD, standard deviation; NS, not significant.
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endometrial thickness, number of oocytes aspirated, or quality and
number of embryos transferred between IVF and ICSI cycles. Al-
though the fertilization rate in the ICSI cycles (87.0%, p <0.05) was
significantly higher than that of the IVF cycles (78.4%), the pregnancy
rate in the ICSI cycles (44.8%) did not significantly differ from that
observed in the IVF cycles (48.6%). Moreover, in the high-DFI group,
there were no significant differences in the characteristics of patients
between the IVF and ICSI patients. However, the DFI of the ICSI pa-
tients (43.5+12.1, p<0.05) was significantly higher than that of the
IVF patients (35.6 +7.5); nevertheless, the pregnancy rate in the ICSI
cycles (44.8%, p <0.05) was significantly higher than that in the IVF
cycles (25.0%). There was no significant difference in the abortion
rate between the low- and high-DFI groups.

Discussion

In the present study, sperm DFI showed a significant inverse corre-
lation with sperm motility (r=—0.435, p <0.001) which is consistent
with the results of many previous studies [4,20,25,33,35,36,38]. Only
Brahem et al. [34] did not observe a significant correlation between

Table 3. Correlations between sperm DFI and kinetic parameters of
motility

Kinetic parameter ~ Mean +SD Co\;'vrii:? E'g: r::[esfglc(lre)nt p-value
VCL 2361122 —0.393 <0.001
VSL 106+5.5 —0.394 <0.001
VAP 15.0+£7.6 —0.403 <0.001
LIN=VSL/VCL 235498 -0412 <0.001
STR=VSL/VAP 70.7£85 —-0.131 <0.050
ALH 0.9+05 —-0.382 <0.001

DFI, DNA fragmentation index; SD, standard deviation; VCL, curvilinear veloc-
ity; VSL, straight-line velocity; VAP, average-path velocity; LIN, linearity; STR,
straightness; ALH, amplitude of lateral head displacement.

Table 4. Characteristics of 867 patients and clinical outcomes of 1,102 IVF and ICSI cycles classified with sperm DFI

Low-DFI group (DFI < 30%)

High-DFl group (DFI >30%)

Variable

IVF cycle (n=343) ICSI cycle (n=578) IVF cycle (n=36) ICSI cycle (n=145)
DFI (%) 141+£6.2° 149+6.7° 356+7.5° 435+12.°
Female age (yr) 36.5+3.9° 36.9+4.2° 39.2+4.1° 37.8+4.1°
Endometrium (mm) 99+23 9.8+22 96+26 10.1£23
No. of eggs aspirated 89+48 82+49 69+44 8.1+42
Fertilization rate (%)” 78.4° 87.0° 86.9° 85.5°
No. of ET 19+0.3 1.8+0.3 19+0.3 18104
Embryo quality score 82+32 83+3.2 85+3.1 8.2+3.1
Clinical pregnancy 167 (48.6)° 254 (44.8)° 9 (25.0)° 65 (44.8)°
Abortion 29(84) 23(3.9P 2(5.5) 6 (4.1

Values are presented as mean =+ standard deviation or number (%). Different superscript letters indicate significant differences (p < 0.05).
IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; DFI, DNA fragmentation index; ET, embryos transferred.
JFertilization rate (%) = (number of fertilized oocytes/number of oocytes inseminated or that underwent ICSI) x 100.
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DFI and motility (r=0.051, p=0.741). This may have resulted from
excessive variance across samples even though the number of se-
men samples was small (40 semen samples). The semen samples in
that study showed wide ranges of semen parameters, as exemplified
by age (27-54 years), motility (5%—-48%), and DFI (18%-72%). How-
ever, they found a significant decrease of DFI and increase of motility
following DGC compared with raw semen, which means that sperm
DFI has an inverse relationship with sperm motility. Therefore, it is ac-
cepted without doubt that sperm motility has a significant correla-
tion with the DFI.

In the present study, sperm DFI also showed a significant inverse
correlation with sperm morphology (r=-0.153, p <0.05), although
the coefficient was lower than was observed for sperm motility
(r=—0.435). In contrast to our results, some authors did not observe
an inverse correlation between sperm DFI and morphology [37,38].
This may have resulted from differences in the cutoff values used for
sperm morphology. Our cutoff value for sperm morphology was 4%
(WHO 2010 guidelines), but they used the cutoff value of 30% (WHO
1999 guidelines). Moreover, unlike motility and concentration of
sperm, sperm morphology is generally assessed by using a manual
protocol rather than by using a CASA program, because the CASA
program revises long time for assessment. Therefore, there is a possi-
bility of discrepancies in the evaluation of the sperm morphology
between the authors due to the subjective estimations of embryolo-
gists. Nevertheless, many authors reported a significant correlation
between sperm DFl and morphology [4,20,33-35].

We observed that sperm DFI showed a higher correlation with
sperm motility than with other semen parameters. To analyze this
correlation in greater depth, we investigated the correlation between
sperm DFI and the velocity of motile sperm (Table 2). As we expect-
ed, sperm DFI showed a significantly stronger negative correlation
with rapid motility than with medium or slow motility. This result
suggests that selecting sperm with rapid motility may be an ap-
proach for selecting sperm with high DNA integrity. To investigate
this correlation even more closely, we investigated the correlation
between sperm DFl and the kinetic parameters of motility measured
by CASA (Table 3). Although sperm DFI showed a significant inverse
correlation with all kinetic parameters, the strongest correlations
were observed with average-path velocity (r=-0.403) and linearity
(r=-0.412) which means that sperm moving a long distance within
a given time had high DNA integrity. Based on these results, we en-
deavored to select sperm with rapid motility and good morphology
for ICSI. However, we gave priority to motility over morphology as a
decision-making criterion for the selection.

In the present study, the fertilization rates in the IVF (86.9%) and
ICSI cycles (85.5%) in the high-DFI group were significantly higher
than the rate in the IVF cycles (78.4%, p <0.05) and were similar to
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the rate of ICSI cycles (87.0%) in the low-DFI group. These results are
consistent with previous reports that a significant correlation was not
found between DFI and the fertilization rate [22,29,42,51,62]. In con-
trast to these results, Oleszczuk et al. [71] reported that the fertiliza-
tion rate (38.1%) of IVF cycles was significantly lower than that (61%)
of ICSI cycles in patients with a high DFI. However, this discrepancy
may have been caused by the inclusion of immature oocytes in IVF
and the exclusion of immature oocytes in ICSI cycles, rather than by
high DFI. Benchaib et al. [21] likewise reported a significant negative
relationship between the fertilization rate and DFI in ICSI cycles.
However, they reported that the fertilization rate of ICSI cycles was
0% when the sperm DFI was over 25%. This fertilization rate is mark-
edly lower than other reports. Therefore, these results indicate that
sperm DNA damage does not exert a significant influence on the fer-
tilization ability of sperm.

Although there was no difference in the number and quality of the
embryos transferred or endometrial thickness between the IVF cycles
of the low- and high-DFI groups, the pregnancy rate (25.0%) of the
IVF cycles in the high-DFI group was significantly lower than that
(48.6%) of their counterparts in the low-DFI group. This result is con-
sistent with reports of a significant negative correlation between
sperm DFl and pregnancy rate in IVF cycles [45,73]. However, the fe-
male partner’s age (39.2 +4.1 years) and the fertilization rate (86.9%)
of the IVF cycles in high-DFI group were significantly different from
the corresponding values (36.5+3.9 years and 78.4%, respectively;
p <0.05) of the IVF cycles in low-DFI group. Therefore, these differ-
ences may be a potential partial cause of the difference in the preg-
nancy rates. However, no significant difference was observed in the
pregnancy rates of ICSI cycles between the low-DFI (44.8%) and
high-DFI (44.8%) groups, which suggests that high sperm DFI was
not related to the pregnancy rate in ICSI cycles. This result is similar to
those of previous studies [28,42,51].

Negative opinions have been expressed regarding ICSI for sperm
with a high DFI, because DNA-damaged sperm may have a negative
impact on the outcome of ICSI cycles in which DNA-damaged sperm
is directly injected into the oocyte [26,41,65]. Moreover, in IVF cycles,
the fertilizing spermatozoon may be selected by the zona pellucida,
which can reject aneuploid candidates [74], and the zona pellucida
play have a role in preventing DNA-damaged sperm binding, espe-
cially Y-bearing sperm [75]. However, recently, these concerns about
ICSI have come to be regarded as a form of over-anxiety because a
beneficial effect of ICSI on the pregnancy rate of patients with high
sperm DFI has been reported by many authors [23,27,28,51,71]. In
the present study, we likewise observed that the pregnancy rate of
ICSI cycles (44.8%) was significantly higher than the rate of IVF cycles
(25.0%) in the high-DFI group. The beneficial effect of ICSI can be ex-
plained by previous reports that poor morphology of spermatozoa is
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strongly associated with increased DNA fragmentation [76], and that
sperm DFI shows a significant inverse correlation with sperm motility
and morphology [4,20,35]. When performing ICSI, most embryolo-
gists attempt to select spermatozoa showing normal morphology
and rapid motility, which is a kind of preselection of sperm with less
DNA damage [10,58].

In the previous studies, a positive association between the sponta-
neous abortion rate and high DFI was reported in ICSI cycles [21,62]
and both IVF and ICSI cycles [28,47,51,77]. However, we did not ob-
serve a significant correlation between DFI and abortion rates re-
gardless of DFI value and type of ART program.

In conclusion, sperm DFI showed a significant inverse correlation
with the proportions of sperm with rapid progressive motility and
normal morphology. On the basis of this result, we tried to select
spermatozoa showing normal morphology and rapid motility. There
were no significant differences in the characteristics of patients or
the pregnancy rate between IVF and ICSI cycles in the low-DFI group.
However, in the high-DFI group, the pregnancy rate in the IVF cycles
was significantly lower than in the ICSI cycles, although statistically
significant differences were not found in the characteristics of pa-
tients, number of eggs, fertilization rate, or embryo quality between
the two groups. Moreover, the DFI observed in the ICSI cycles in the
high-DFI group was significantly higher than that of the ICSI cycles in
the low-DFI group. Nevertheless, there was no significant difference
in the pregnancy rate between the two groups. Therefore, a decrease
in the pregnancy rate due to sperm DNA fragmentation can be pre-
vented by ICSI.
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