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Abstract
Purpose The aim of this study is to evaluate the sperm DNA fragmentation index (DFI) in oocyte donation cycles and cor-
relate it with the sperm parameters, the male characteristics, the embryo quality and the outcome of intracytoplasmic sperm 
injection (ICSI).
Methods A total of 150 couples participating in an oocyte donation program were included in the study. Sperm samples 
were assessed by conventional sperm analysis. DFI was evaluated using the Halosperm kit, a sperm chromatin dispersion 
test (SCD).
Results The relations between DNA damage and epidemiological male factors (age, height, weight), standard semen param-
eters (concentration, total and forward motility, and morphology), and embryological and clinical parameters (fertilization 
rate, total blastocyst number, number of good quality blastocyst, clinical pregnancy) were analyzed. DFI was positively corre-
lated with advanced male age (r = 0.23, p < 0.05) and negatively correlated with total sperm and forward motility (r = − 0.29, 
r = − 0.27, respectively; p < 0.05). DFI was not significantly correlated with pregnancy outcome in oocyte donation cycles 
(r = − 0.05, p > 0.05). When good quality blastocysts were chosen, a trend toward the development of good quality embryos 
was detected in the presence of a low DFI (r = − 0.20, p = 0.08).
Conclusions DFI does not significantly affect the outcome of ICSI in oocyte donation cycles. Even in cases of advanced 
paternal age that a high DFI resulted sperm DNA fragmentation seems not to adversely affect the final outcome.

Keywords DNA fragmentation · SCD test · Infertility · ICSI · Oocyte donation

Introduction

In recent years, many studies have focused on the role of 
sperm nuclear-DNA integrity in male factor infertility [1]. 
Sperm DNA integrity is essential for accurate transmission 
of genetic information, and it could be affected by apoptosis, 

reactive oxygen species (ROS), ionizing radiation and abnor-
malities in chromatin packaging [2]. Conflicting data exist 
about the impact of paternal DNA damage on embryo qual-
ity and the rates of fertilization and pregnancy [3, 4]. Addi-
tionally, reports of an adverse effect of oxidative stress on 
the intracytoplasmic sperm injection (ICSI) procedure have 
been inconsistent [5]. Sperm freezing methods do not seem 
to compromise sperm DNA integrity. Although ultrastruc-
tural data have shown that cryopreservation increases the 
rate of nuclear vacuole formation in the motile sperm head 
[6] and cytoplasmic vacuolization in oocytes of stimulated 
cycles [7, 8], sperm DNA integrity depends on the cryopro-
tectants used in the medium [9]. It has been reported that 
spermatozoa with damaged DNA did not lose their fertiliza-
tion capacity [5].

A variety of tests dedicated to the measurement of sperm 
DNA fragmentation (SDF test) has been developed over the 
last few years. The terminal deoxynucleotidyl transferases 
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(TdT) dUTP nick-end labeling (TUNEL assay), the single 
cell gel electrophoresis assay (COMET assay), the DNA 
breakage detection-fluorescence in situ hybridization (DBD-
FISH) technique, and the sperm chromatin structure assay 
(SCSA) [10] are examples of those that have been used as 
indicators of sperm DNA breaks. The sperm chromatin dis-
persion (SCD) technique is a sensitive assay (more sensitive 
than the SCSA procedure, considered the gold standard SDF 
analysis [11]), highly reproducible, and directly linked with 
sperm DNA fragmentation as it is related to induction of 
DNA decondensation [12]. The SCD test is based on the 
principle that spermatozoa with fragmented DNA fail to 
produce the characteristic halo of dispersed DNA loops that 
is observed in sperm without fragmented DNA following 
acid denaturation and removal of nuclear proteins [10]. The 
SCD test, unlike to other semiquantitative assays mentioned 
above, does not rely on either color or fluorescence intensity. 
Rather, the endpoint measured by the SCD test consists of 
determining the percentage of spermatozoa with non-dis-
persed or dispersed nuclei, which can be easily and reliably 
accomplished by the naked eye [13]. However, none of the 
current SDF tests has shown difference in predictive value 
between in vitro fertilization (IVF) and ICSI procedures or 
high capacity to predict a positive clinical outcome in con-
text of medically assisted reproduction [14]. In addition, the 
measurements at the percentage of sperm DNA fragmenta-
tion index (DFI) do not contribute to alter patient diagnosis, 
therapy and/or prognosis [15]. Regarding ICSI, a sensitiv-
ity analysis showed no statistically significant difference in 
live birth rate between low and high DFI [16]. Until now, 
limited data exists to back that infertility in men affects the 
DNA integrity of semen samples, specifically whether any 
effects are clinically significant, relevant, or reproducible 
[17]. Therefore, the accuracy of these tests to predict IVF or 
ICSI outcomes is controversial and their routinely clinical 
use is not recommended [18].

A good quality oocyte can repair sperm DNA damage, 
and the DNA repair system depends on the oocyte’s cyto-
plasmic and genomic quality [2, 19]. Consequently, pater-
nally transmitted DNA aberrations of the embryo could pos-
sibly be avoided when the oocyte quality is high, as in young 
patients and oocyte donation cycles in which fertilized eggs 
originate from healthy women. In addition, it is well known 
that endogenous and exogenous DNA damage occurs once 
the oocyte is fertilized, while the fully functional DNA 
repair system of the oocyte may be capable of rectifying 
persisting unrepaired damage in both the maternal and pater-
nal genome [20]. In this respect, in cases of female infertility 
due to age, with multiple pregnancy failures after repeated 
assisted reproductive treatment, and the absence of severe 
male infertility factors, an oocyte donation program could 
be a means to increase the rates of successful implantation 
and pregnancy by decreasing the risk of pregnancy loss and 

offspring with genetic defects of paternal origin [21]. Previ-
ous studies with oocyte donation cases have reported the 
effect of sperm DNA fragmentation on human gametes and 
embryo quality as well as on optimization of clinical out-
comes [22, 23]. However, clinical reports in terms of DFI 
evaluation by SCD test in cases with donated oocytes and 
ICSI treatment are still limited.

This study aims to evaluate the impact of the sperm DNA 
fragmentation, as measured by the SCD test, on the outcome 
of ICSI in relation to sperm parameters, male epidemio-
logical characteristics, and clinical outcomes in couples who 
used donor oocytes due to female infertility when their male 
partners were proven fertile.

Materials and methods

Study design

A prospective, observational, cohort study was performed 
between November 2013 and October 2014 at IAKENTRO 
Fertility Centre in Thessaloniki, Greece. The study was 
approved by the Institutional Review Board of IAKENTRO 
advanced medical center/ethics committee, in Thessaloniki 
at 2/9/2013, ref.number 9/2013, and informed consent was 
obtained from all patients. An initial number of 162 cases 
were selected for this study, of which 12 cases were excluded 
due to the exclusion criteria of oocyte donors (n = 7) or 
incomplete data of DFI measurements performed in the 
selected sperm samples (n = 5). Afterwards, one hundred 
fifty (n = 150) oocyte donors participated in our study. A sin-
gle stimulation cycle was included for each donor. A detailed 
medical history of each donor was taken. The oocyte donors 
were ≤ 32 years old, had body mass indices < 30 kg/m2, reg-
ular menstrual cycles of 25–35 days, two normal ovaries 
based on transvaginal scan findings, no polycystic ovarian 
syndrome, no known endometriosis, no gynecological or 
medical disorders and agreed to donate their oocytes for 
treatment anonymously and altruistically. Oocyte donors 
were of known fertility and good ovarian response. A blood 
sample was collected for karyotyping and screening for pre-
vious viral infections (hepatitis B and C, human immunode-
ficiency virus, and syphilis) thalassemia, and cystic fibrosis. 
A single ovarian stimulation cycle attempt was performed 
for each donor. A representative image of donor retrieved 
oocyte is shown in Fig. 1a. Our study included patients with 
a minimum of eight mature oocytes, which is a basic require-
ment offered to recipient couples in our donation program. 
Consequently, after the retrieved oocytes were denuded, if 
a recipient ended up with ≤ 7 mature oocytes, these cycles 
were excluded from our analysis (n = 7).

A total of 150 recipients, matched with their donors 
(n = 150), were included in the study. All recipients 
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were < 50 years old without history of endometriosis and this 
was their first oocyte donation cycle. The recipients and their 
partners underwent blood screening similar to the donors, 
while a hysterosalpingogram and a diagnostic hysteroscopy 
eliminated cases presenting hydrosalpinx or intrauterine 
related pathology. The recipients underwent a mock transfer 
in a cycle prior to their donation cycle and if any difficulty 
was encountered a cervical dilatation was performed.

Only cycles with freshly ejaculated spermatozoa were 
included in the study. Semen samples were obtained from 
male partners of couples who underwent ICSI for an infertil-
ity treatment with donated oocytes. The male partners had 
no form of severe male infertility indications and cases of 
unexplained infertility were not included in the study. The 
SDF test was performed in 162 cases and 12 cases were 
excluded due to lower than expected (less than 8) donated 
oocytes (n = 7) or incomplete data (n = 5). Cases which did 
not fulfill the above inclusion criteria were also excluded.

Semen samples were fresh and collected by masturba-
tion into non-toxic sterile plastic jars after 3 days of sexual 
abstinence. The 150 collected samples were allowed to liq-
uefy for 15–30 min at room temperature (24 °C) and were 
evaluated according to the WHO criteria (World Health 
Organization, 5th edition). The DFI measurements were 
performed on raw semen samples; therefore, the following 
parameters were assayed directly from the semen samples 
prior to density gradient centrifugation. Sperm samples 
were analyzed according to the following basic parameters: 
(i) quantity (ii) concentration (iii) motility, (iv) high motil-
ity, and (v) morphology using a light microscope (Nikon E 
200, Japan). Sperm morphology was assessed according to 
Kruger’s strict criteria after Papanicolaou staining. Sperm 
concentration was assessed using a Makler counting cham-
ber (Bruckberg, Germany) with the use of a sperm counter. 

Sperm motility was classified as grade A, B or C and at least 
500 spermatozoa were scored with a 40 × objective. Total 
motility was calculated as the total of motility rates A and B, 
while motility grade A was considered as forward.

Stimulation protocol and recipient preparation

Ovarian stimulation was performed on donors with a fixed 
day-6 gonadotropin-releasing hormone (GnRH) antagonist 
protocol [24]. The recipients underwent endometrial prepa-
ration as previously described elsewhere [25]. Ovarian 
function was first down-regulated in the luteal phase with 
a single-dose of GnRH-agonist depot (Arvekap, 3.75 mg) 
beginning on day 21 of the previous cycle. One day after 
the commencement of the donor’s next menstrual cycle, the 
recipients were instructed to begin taking estradiol valerate 
(Cyclacur or Progynova) at 2 mg/days for the first 4 days, 
4 mg/days for days 5–8, and 6 mg/days until the pregnancy 
test. The afternoon of oocyte donation collection, the recipi-
ents were administered 200 mg of progesterone (Utrogestan) 
intravaginally; this continued as 200 mg, three times a day, 
until a fetal heartbeat was observed by ultrasound. Recipi-
ents without menstruation followed the same protocol with-
out the GnRH agonist. Endometrial development was evalu-
ated by ultrasound scan; the endometrium was considered 
adequately prepared for embryo transfer when the endome-
trial thickness was > 9 mm. Two embryos were transferred 
into each recipient.

Sperm preparation for ICSI

After liquefaction and semen analysis, spermatozoa were 
prepared using density gradient centrifugation (90% and 
50%) with sperm dual gradient media (Isolate, Irvine 

Fig. 1  Representative images of donor retrieved oocyte (a) and spermatozoa evaluated by Halosperm kit G2 (b). a A fresh donor oocyte after the 
removal of cumulus cells (bar: 60 μm). b Spermatozoa with generated halos after treatment with Halosperm kit G2 (bar: 25 μm)
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Scientific). After the two layers were prepared in a coni-
cal centrifuge tube, 2 ml of the liquefied sperm semen was 
dispensed onto the upper layer (50%) and were centrifuged 
for 20 min at 300 g. Then, the layers were removed, and the 
sperm pellet was transferred into a new sterile tube to be 
washed. For the washing 3 ml of sperm washing medium 
(Irvine Scientific) was added, the pellet was resuspended 
and centrifuged at 300 g for 10 min, and the supernatant was 
removed. The washing step was performed twice. Qualified 
spermatozoa were selected from the precipitate. According 
to the concentration and motility after preparation, the sam-
ples were used for ICSI, where a single spermatozoon that 
appeared to be morphologically normal was selected.

Assessment of sperm DNA fragmentation index 
(DFI)

DFI was determined by the SCD technique, using the Halo-
sperm kit G2 (Halotech DNA SL). Sperm samples raw (not 
centrifuged or washed) from each patient were diluted to a 
maximum concentration of 1 × 106/ml in phosphate-buffered 
saline (PBS). Aliquots of low-melting point agarose gel in 
microcentrifuge tubes were provided with the kit (Halo-
sperm, INDAS Biotech, Madrid, Spain). Microcentrifuge 
tubes containing 100 μl of agarose were immersed in a dis-
tilled water bath at 90–100 °C for 5 min to melt the agarose 
and then for 5 min at 37 °C. After 5 min of incubation for 
temperature equilibration at 37 °C, 50 μl of sperm samples 
diluted in PBS were added to the microcentrifuge tubes and 
mixed gently. A 10 μl drop of this mixture was placed on 
a precoated slide provided by the kit and covered with a 
22 × 22 mm coverslip. The covered slides were maintained 
in a refrigerator at 4 °C for 5 min to solidify the agarose and 
to produce a microgel with embedded spermatozoa. Then, 
the coverslips were removed gently and the precoated slides 
were placed horizontally for a 7-min incubation in acid 
solution previously prepared by mixing 80 μl of HCL into 
10 ml of distilled water for 20 min. Then, the slides were 
incubated in lysis solution provided by kit. After rinsing 
with distilled water for 5 min, the slides were air-dried in 
room temperature, dehydrated in increasing concentrations 
of ethanol (20%, 70%, and 100%) for 2 min and then air-
dried. For staining, the slides immersed in staining solution 
A (SSA) and staining solution B (SSB) that provided by the 
kit, for 6 min each. The slides were allowed to dry at room 
temperature and either observed in a bright-field microscope 
or stored at 4 °C.

One thousand (1000) spermatozoa per sample were 
scored under the 100 × objective of the microscope. Sper-
matozoa were classified according to the size of the halo 
that encircled their heads. Spermatozoa with large halos 
(thicknesses that were similar to or larger than the length 
of the smallest diameter of the core) and spermatozoa with 

medium sized halos (thickness greater than 1/3 of the small-
est diameter of the core and less than the smallest diameter 
of the core) were considered as non-fragmented-DNA sper-
matozoa, while those with no halos at all or halos appearing 
degraded were considered as DNA-fragmented spermatozoa 
(Fig. 1b) [11].

A threshold value of 25% DNA fragmentation was used 
to determine if SCD test was predictive in ICSI outcome. 
This cut-off value was proposed because a higher infertility 
rate has been found in patients with > 25.5% Halosperm-
positive spermatozoa compared with those with less than 
25.5% DNA fragmentation [26].

Statistical analysis

Numeric variables were expressed as a mean ± SD, while 
categorical variables were expressed as percentages (%). The 
normality of the distribution was controlled for all numeri-
cal data with the Kolmogorov–Smirnov test, as previously 
described [27]. The independent-samples t test was used to 
compare non-parametric data, while the dependent-samples 
t test was used for parametric data. Fisher’s exact test was 
used to compare categorical data. Linear regression model 
was used to correlate DFI with various epidemiological, 
clinical and laboratory outcomes. Statistical significance 
was defined at p < 0.05. The Statistical Package for the 
Social Sciences (SPSS) 17.0 was used to perform statistical 
analysis.

Results

A total of 150 sperm samples were provided by 150 males 
for analysis. The men’s age ranged from 32 to 58 years 
(mean 43.4 ± 5.5 years), height from 165 to 188 cm (mean 
176.9 ± 5.4  cm), and weight from 52 to 130  kg (mean 
82 ± 12.3 kg) (Table 1). Moreover, the mean number of pre-
viously unsuccessful efforts of assisted reproductive technol-
ogy (ART) treatments was 0.52, between 0 and 2 efforts.

The mean and range of the considered parameters were 
(i) quantity: 3.58 ml ( ± 1.1) between 1.5 ml and 6 ml (ii) 
concentration: 49.5 × 106 ( ± 31.8) between 1 × 106 and 

Table 1  Correlation of DNA fragmentation index with epidemiologi-
cal male factors

a Spearman’s correlation coefficient
ns not statistically significant

Variable Patients, N = 150 ra p value

Age (mean ± SD) 43.4 ± 5.5 0.23  0.046
Height (cm, mean ± SD) 176.9 ± 5.4 0.18 ns
Weight (kg, mean ± SD) 82 ± 12.3 0.06 ns
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120 × 106 (iii) motility %: 54.9% ( ± 19.2), between 12 and 
90% (iv) forward motility %: 32.6% ( ± 17.3), between 1 
and 80% (v) morphology %: 18.4% ( ± 7.3) morphologi-
cally normal spermatozoa, between 1 and 30% (Table 2). 
The mean total number of available blastocysts/case was 
4.9 (range 1–10), while the mean number of good qual-
ity blastocysts was 2.7 (range 0–7). The mean number of 
oocytes obtained per case was 9.76, the mean fertilization 
rate was 71.4% ( ± 18.7), and the mean positive pregnancy 
outcome was 60.3% (Table 3). 

The correlation of sperm DNA fragmentation index 
with male epidemiological characteristics is shown in 
Table 1. DFI was positively correlated with male age 
(r = 0.23; p = 0.0046). On the contrary, no significant cor-
relation was observed between DFI and height or weight.

Table 2 shows the correlation of DFI with standard 
semen parameters. DFI was significantly reversely cor-
related with sperm general motility and type A motility 
(r = −  0.29, r = −  0.27, respectively; p < 0.05). How-
ever, there were no statistically significant differences 
between DFI and sperm concentration or sperm mor-
phology (r = 0.01 and r = − 0.07; p = 0.012 and p = 0.019 
respectively).

Table 3 presents the correlation of DFI with clinical 
and laboratory outcomes. DFI was not significantly cor-
related with the oocyte fertilization rate, total number of 
blastocysts, or pregnancy outcome in couples with donated 
oocytes. Furthermore, although elevated DFI presented a 
trend towards association with good embryo quality, the 
correlation was not statistically significant (r = − 0.20, 
p = 0.08). Finally, when using a threshold of 25%, no effect 
of DNA fragmentation was detected on pregnancy out-
come (Table 4).

Discussion

High DFI, which is generated by defects in chromatin 
remodeling during spermiogenesis or due to apoptosis 
during meiosis I [28], is a modern aspect of the so-called 
‘male factor’ that causes infertility. Conventional semen 
analysis provides a limited prediction of male fertility 
potential and does not always ensure the correct diagno-
sis of male infertility. Nevertheless, the DFI could provide 
extra information concerning the quality of a semen sam-
ple. This prospective, observational study was designed to 
evaluate whether the assessment of sperm nuclear-DNA 
integrity has a predictive value for the clinical outcome in 
the oocyte donation cycle and whether it is correlated with 
semen parameters. To this end, we measured the DFI of 
sperm samples from couples undergoing oocyte donation 
cycles directly prior to density gradient centrifugation, and 
correlated it with epidemiological characteristics of male 
partners, semen parameters and clinical outcomes.

Table 2  Correlation of DNA 
fragmentation index with 
standard semen parameters

a Spearman’s correlation coefficient
SPZ spermatozoa, ns not statistically significant

Sperm parameters Sperm samples, N = 150 ra p value

Sperm concentration  (106 SPZ /mL, mean, range) 49.5 (1–120) 0.01 ns
Sperm general motility (%, mean ± SD) 54.9 ± 19.2 − 0.29 0.012
Sperm forward motility (%, mean ± SD) 32.6 ± 17.3 − 0.27 0.019
Morphologically normal SPZ (%, mean, range) 18.4 (1–30) − 0.07 ns

Table 3  Correlation of DNA 
fragmentation index with 
oocyte fertilization rate, 
total blastocyst, good quality 
blastocysts and pregnancy 
outcome

a Spearman’s correlation coefficient
nr number, ns not statistically significant

Outcome Patients, N = 150 r* p value

Fertilization rate (%, mean ± SD) 71.4 ± 18.7 − 0.10 ns
Total blastocyst (nr, mean, range) 4.9 (1–10) − 0.07 ns
Good quality blastocysts (nr, mean, range) 2.7 (0–7) − 0.20 ns, 0.08
Clinical pregnancy (%, positive outcome) 60.3 − 0.05 ns

Table 4  Pregnancy outcome for a sperm DNA fragmentation thresh-
old of 25%

No statistical significances was found for comparisons of DNA frag-
mentation within pregnancy outcome

Clinical outcome Receivers of donated oocytes 
(N = 150)

DF < 25%
(N = 52)

DF > 25%
(N = 98)

Pregnancy 68.2% 56.1%
No pregnancy 31.8% 43.9%
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In the present study we investigated the connection 
between DNA fragmentation damage and general male 
characteristics, and we found that neither height nor 
weight affected the DFI. These results are in consistent 
with previous reports [29, 30], even though some studies 
support the opposite conclusion, in particular in cases of 
overweight and obese males including more data on the 
lifestyle of individuals and relative statistical models [31, 
32]. On the other hand, this study strengthens the cor-
relation between advanced paternal age and sperm DNA 
damage, something that has been reported previously [33, 
34]. Similarly, it has been reported that advanced male age 
increases sperm DNA damage in association with single-
stranded DNA [35] and decreases the ability of spermato-
zoa to fertilize an oocyte [36]. A recent study [37] reported 
that advanced paternal age negatively affects the clinical 
outcome in IVF couples. Based on our results, we propose 
that DNA fragmentation damage in older men could be the 
pathway that leads to this insufficiency.

Analyzing the impact of classical semen parameters on 
the DFI, we found that neither sperm concentration nor 
sperm morphology were correlated with the DFI score. In 
contrast to our results, other studies on infertile men have 
shown a statistically significant association between low 
sperm concentration and a high DFI [38, 39]. Moreover, 
it has been proposed that the selection of morphologi-
cally normal spermatozoa during ICSI could increase the 
chance of preserving sperm DNA integrity [40].

On the contrary, we observed a significant correlation 
between low sperm motility (forward and total) and DNA 
damage. Even though some studies agree with our data 
[41, 42], others show no connection between sperm motil-
ity and DNA fragmentation, not even when this factor is 
enhanced by the method of density gradient centrifuga-
tion [43, 44]. Yilmaz et al. [45], using the Halosperm test, 
compared sperm groups of low (DFI < 30%) and high 
(DFI > 30%) DNA fragmentation and reported that in 
untreated sperm the sperm concentration was lower and 
in treated sperm the sperm motility declined in the high 
DNA fragmentation group (DFI > 30%).

Concerning the biological and clinical outcome of our 
study, we report that in oocyte donation cycles increased 
DFI has no effect on the fertilization rate nor on embryo 
quality. It is interesting to point out that we observed a 
trend toward higher quality blastocysts when DFI was 
lower. Our data agree with reports by Larson-Cook et al., 
and Morris et al. [46, 47], and oppose those of Høst et al., 
Muriel et  al., and Zhylkova et  al. [48–50], that exam-
ined the DFI effect by evaluating either ICSI or IVF with 
various male infertility factors and not exclusively fresh 
sperm. Our contradictory results could be due to the use of 
ICSI process with donor oocytes and sperm of males with 
no severe infertility factors that may have less impact on 

successful pronuclear stage development during fertiliza-
tion or competent embryos.

The lack of effect of DFI on the fertilization rate may be 
explained by the fact that sperm DNA does not participate in 
the fertilization process since spermatozoa with fragmented 
DNA can successfully fertilize oocytes [51]. The effect of 
DNA fragmentation on embryo development is revealed 
later, on day 3 (at the four- to eight-cell stage), when the 
paternal genome is activated [52]. As a result, the develop-
ment of the fertilized oocyte usually stops, or there is pos-
sible development of an abnormal embryo [53]. Fatehi et al. 
[54] reported that oocytes fertilized by spermatozoa contain-
ing DNA damage showed impaired embryo development 
after the second division, and only scattered formed blasto-
cysts were observed. Oocytes are capable of repairing sperm 
DNA fragmentation up to a certain point and the amount of 
damage correction is higher in good quality oocytes [55]. 
Therefore, we can attribute the fact that an elevated DFI 
did not affect embryo development in our study to the use 
of good quality donated oocytes, which were sufficiently 
capable of repairing DNA damage.

Several previous studies reported that patients with higher 
DFIs seem to have lower rates of successful pregnancy [56, 
57]. On the contrary, our results showed that pregnancy 
outcome is not affected by increased DFI, in agreement 
with the studies of Esbert et al. [23] and Gandini et al. [58]. 
No statistically significant differences were found in DNA 
fragmentation percentages between cases with pregnant 
and non-pregnant women. Notably, using a 25% threshold 
of DFI we observed a trend toward a lower pregnancy rate 
when DFI exceeded this value; however, this difference was 
not statistically significant. The above lack of correlation 
between DFI and pregnancy outcome might be due to the 
standard practice of selecting the best quality embryos for 
transfer or that ICSI process increases the possibility to 
select a normal spermatozoon. Either the sufficiency of ICSI 
or the selection of exclusively competent blastocysts pos-
sibly able to repair sperm DNA damage could be reasons to 
our contradictory results with the above studies that support 
an effect of increased DFI on pregnancy outcome. Both the 
good embryo development and the good pregnancy rates we 
observed could be attribute to elimination of DFI-affected 
sperm during preparation and sperm selection for insemina-
tion, resulting in mostly non-fragmented spermatozoa being 
chosen for ICSI.

Even in oocyte donation cases, we noticed that the pres-
ence of high levels of DNA damage found in some semen 
samples associated with normal semen parameters, accord-
ing to the WHO criteria, gave clinical pregnancies and vice 
versa. Therefore, in terms of reducing the possible effect 
of paternal DNA damage in couples undergoing an oocyte 
donation program with no severe male infertility factor, 
sperm DNA fragmentation analysis may not be a useful tool 
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for evaluation of semen samples, before their use for ICSI 
and for providing an accurate prediction of clinical outcome.

One of the limitations of the current study is the low num-
ber of cases with donated oocytes, plus the lack of a follow-
up observation regarding the rates of ongoing pregnancy, 
pregnancy loss and life-birth that could be analyzed. Moreo-
ver, the evaluation of DFI in raw or treated (centrifuged, 
washed) sperm is still a matter of debate [59]. In our study, 
we measured the DFI in raw sperm so as to avoid generating 
damaging forces caused by centrifugation and to achieve 
higher specificity and positive predictive value in our results 
than with centrifuged sperm as reported in previous studies 
[60, 61]. However, some studies do not support the use of 
raw sperm for measuring the DFI [62, 63]. Therefore, further 
research, including more cases and DFI measurement in both 
treated and untreated sperm is required to substantiate our 
findings. In addition to the above limitations, it could not 
be avoided that the current SDF tests do not directly meas-
ure DNA breaks but rather assess the propensity to sperm 
DNA damage in response to chemical treatment [64]. Con-
sidering this, even if the intact chromatin is not necessary 
for fertilization during ICSI as we mention, it might affect 
embryo development, thus reflecting life delivery and abor-
tion rates. In fact, it was found that the parameters of SDF 
tests may not related to fertilization rates, embryo quality, 
and pregnancy rates in IVF and ICSI, but might be associ-
ate with spontaneous abortion rates [65]. In this context, 
further case-dependent research and consensus regarding the 
methodology for DNA damage evaluation by targeting the 
type of DNA defects and the utility of these tests to clinical 
practice is needed. However, choosing to perform the study 
on oocyte donation cycles has the advantage of eliminating 
female factor infertility, avoiding thus any confusion and 
statistical bias that could be faced when analyzing our data 
related to male factor infertility.

In conclusion, DFI is not significantly correlated with 
embryological and clinical outcomes in cycles performed 
with donated oocytes. The good clinical rates of pregnancy 
and embryo quality that seem to be independent of DFI 
could be due to the possible selection of normal sperm 
for ICSI and to the use of oocytes from young and healthy 
donors. Sperm motility and advanced male age are signifi-
cantly associated with DFI, although no statistically signifi-
cant effect on either other semen parameters or epidemio-
logical characteristics, seems to be present. The evaluation 
of patients’ sperm prior to ART by DFI measurement is not 
essential for oocyte donation cycles.
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