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Abstract
Purpose To evaluate if sperm DNA fragmentation (SDF) in the sample used for intracytoplasmic sperm injection (ICSI) impacts
outcomes after euploid blastocyst transfer.
Methods Prospective cohort study of couples undergoing IVF with preimplantation genetic testing for aneuploidy from
December 2014–June 2017. Sperm collected on the day of ICSI was analyzed for SDF using the sperm chromatin structure
assay (SCSA®). Semen analysis parameters, embryologic outcomes, and clinical outcomes after euploid blastocyst transfer were
compared between groups with DNA fragmentation index (DFI) ≤ 15% and DFI > 15% using Mann–Whitney U, t tests, and
generalized linear mixed effects models.
Results Two hundred thirty-four patients were included. One hundred seventy-nine men had DFI ≤ 15% (lowDFI group) and 55
men had DFI > 15% group (high DFI group). Total motile sperm and sperm concentration were significantly lower in the group
with DFI > 15% vs. DFI ≤ 15%. There was no difference in fertilization (86.3 vs. 84.2%, adjusted OR (95% CI) 0.86 (0.63–
1.18)), blastulation (49.5 vs. 48.8%, adjusted OR 1.02 (0.75–1.36)), or euploidy (55.7 vs. 52.1%, adjusted OR 0.96 (0.7–1.31))
between the low and high DFI groups, respectively. Clinical outcomes were similar between low and high DFI groups, including
implantation rate (68.8 vs. 79.8%), ongoing pregnancy rate (65.9 vs. 72.6%), and miscarriage rate (4.2 vs. 8.8%), respectively.
Conclusion Sperm DNA fragmentation on the day of ICSI is not associated with embryologic or clinical outcomes after euploid
blastocyst transfer. Increasing levels of SDF are associated with low sperm concentration and total motile sperm count.
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Introduction

Infertility is a common health concern and continues to be a
growing problem asmoremen and women delay reproduction

until later in life. Current data suggest that up to 15% of cou-
ples have trouble maintaining or achieving a pregnancy [1].
Among couples with fertility issues, 30–50% have some com-
ponent of male factor associated with infertility, and as many
as 10–20% have exclusively male factor as an identifiable
cause [2, 3].

Despite the prevalence of male factor infertility, diagnostic
options for these patients are inadequate to properly guide
management. Currently, the gold standard for evaluation of
male factor infertility is the semen analysis. While the semen
analysis is useful for classifying patients as sub-fertile, inde-
terminate, or fertile, it lacks accurate diagnostic value in de-
termining fecundity in patients with motile sperm [4, 5].
Furthermore, 15% of infertile males have normal semen pa-
rameters [6]. As a result, attempts to improve evaluation of
semen quality in patients afflicted by male infertility have led
to attempts to find other diagnostic options which are predic-
tive of outcomes and may lead to additional treatment options.
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Sperm DNA plays a critical role in the developing embryo
and can be damaged prior to and during ejaculation. Such
insults include over abundances of reactive oxygen species,
varicocele, smoking, exposure to heavymetals, testicular heat,
obesity, increasing paternal age, or testicular infections [7].
Sperm DNA fragmentation (SDF) has been associated with
recurrent pregnancy loss and decreased live birth rates [7–11].
The sperm DNA fragmentation index (DFI) is a classification
of the degree of DNA fragmentation. This is performed
through the use of dyes or probes which can identify breaks
in sperm DNA. Higher levels of SDF are more common in
infertile men [12, 13]. Given these findings, sperm DFI has
emerged as a means of analysis in some institutions as an
additional assessment for predicting fecundity and guiding
therapeutic management [11, 13].

Over the past two and a half decades, intracytoplasmic
sperm injection (ICSI) has played a pivotal role in overcoming
many complications presented by male factor infertility.
Nonetheless, patients undergoing assisted reproductive mea-
sures with higher levels of sperm DFI, despite the use of ICSI,
may still have poorer outcomes [11]. The exact reasoning for
this remains unclear. There is also a well-documented associ-
ation between recurrent early pregnancy loss and increasing
sperm DFI [7–10]. It is postulated that there may be a genetic
component that is responsible for these diminished results;
however, it is yet to be determined if increasing DFI is directly
correlated with embryonic aneuploidy.

There are limitations in existing literature on this topic. A
majority of previous studies have evaluated SDF on a semen
sample obtained prior to the IVF cycle. However, there is
known intra-patient variability in SDF, and it has been dem-
onstrated that both semen analysis parameters and SDF can
significantly vary within the same male patient over time [14].
Therefore, the direct impact of SDF on IVF outcomes is most
accurately assessed by evaluating SDF on the semen sample
used for fertilization in that specific IVF cycle.

To our knowledge, no study to-date has accounted for em-
bryonic aneuploidy when evaluating clinical outcomes in re-
lation to SDF. Controlling for aneuploidy, which significantly
impacts ongoing pregnancy and miscarriage rates, is impera-
tive when attempting to focus on the impact of sperm DNA
fragmentation on IVF outcomes. Furthermore, very few stud-
ies have evaluated the direct relationship between SDF and
embryonic aneuploidy. The studies that have researched this
question have examined particular subsets of patients, includ-
ing patients with a history of recurrent pregnancy loss or those
with advanced maternal age [15, 16]. Additionally, there were
limitations in the genetic screening platform, as cleavage stage
biopsy with fluorescence in situ hybridization (FISH) was
used in these studies.

The primary objective of this study was to evaluate the
impact of sperm DNA fragmentation in the semen sample
used for ICSI on embryologic and clinical outcomes after

euploid blastocyst transfer. Secondary endpoints included
assessing for a correlation between SDF and embryonic aneu-
ploidy, and evaluating for a relationship between SDF and
semen analysis parameters.

Materials and methods

Study design and population

This is a prospective cohort study of couples undergoing IVF
with ICSI and preimplantation genetic testing for aneuploidy
(PGT-A) from December 2014 through June 2017. Patients
were eligible to participate if this was their first cycle of IVF,
PGT-A was planned, and female age was 35–40 years. This
age was chosen in effort to focus on the specific relation be-
tween SDF and embryonic aneuploidy by minimizing the im-
pact of oocyte-driven DNA repair, which is more or less likely
at young and advanced maternal ages, respectively [17].
Exclusion criteria included a known genetic abnormality in
either member of the couple, the use of cryopreserved, surgi-
cally obtained, or donor sperm, presence of a varicocele or
communicating hydrosalpinx, or the use of an oocyte donor
or gestational carrier. Institutional Review Board (IRB) ap-
proval was obtained through Copernicus Group IRB®.

Procedures

Females underwent ovarian stimulation with injectable gonad-
otropins using a gonadotropin releasing hormone (GnRH) ag-
onist or antagonist protocol. When at least two follicles were ≥
17 mm in size, final oocyte maturation was triggered with
either a GnRH agonist or human chorionic gonadotropin.
Transvaginal oocyte retrieval was performed 36 h later. The
semen specimen was collected on the day of ICSI and semen
analysis was performed. Semen samples meeting the mini-
mum criteria of volume > 1 ml, concentration > 2 × 106/ml,
and motility > 30%were included, and a 0.5-ml semen aliquot
was isolated from the fresh semen specimen for SDF analysis.
For samples not meeting minimum criteria (n = 37), the entire
specimen was utilized for ICSI so as not to compromise clin-
ical care. Isolated aliquots from study patients were frozen in
liquid nitrogen and SDF was determined with the sperm chro-
matin structural assay (SCSA®) at SCSA® Diagnostics, Inc.

Mature oocytes were fertilized by ICSI and embryos
underwent extended culture to the blastocyst stage.
Trophectoderm biopsy was performed on suitable blastocysts
for PGT-A utilizing quantitative real-time polymerase chain
reaction (qPCR)-based screening for cases performed before
July 2016 or next generation sequencing for all subsequent
cases. Embryos with results consistent with segmental aneu-
ploidy or mosaicism were designated aneuploid for purposes
of the analysis. Euploid embryos were selected for embryo
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transfer. The majority of patients underwent a single embryo
transfer in a subsequent frozen embryo transfer cycle (Fig. 1).

Analysis

Sperm DNA fragmentation was reported as the percentage of
fragmented sperm DNA, known as the DNA fragmentation
index (DFI). Patients were divided into two groups for analy-
sis, DFI ≤ 15% and DFI > 15%. Demographic and semen
analysis parameters were compared between the two groups
using Mann–Whitney U and t tests, as appropriate. SDF was
also evaluated in relation to semen analysis parameters from
both the initial semen analysis prior to IVF as well as the
semen sample used for ICSI.

Embryologic outcomes were analyzed using generalized
linear mixed effects models and included rates of fertilization,
blastulation, and aneuploidy. A random effects term was
added to account for the repeated measures due to multiple
oocytes from the same patient. Fertilization was defined as the
number two pronuclear (2PN) embryos divided by the number
of metaphase II oocytes (M2). Blastulation was defined as the
number of blastocysts suitable for trophectoderm biopsy and
cryopreservation divided by the number of 2PNs. Euploid rate
was calculated as the number of euploid blastocysts divided
by the number of blastocysts biopsied for PGT-A. Resulting
odds ratios were adjusted for female age as generalized linear
mixed effects models demonstrated that female age impacted
both blastulation and aneuploidy rates.

Clinical outcomes included rates of implantation, miscar-
riage, and ongoing pregnancy. These clinical outcomes were
compared between the two groups using Fisher’s exact test.
The rates of single embryo transfer and frozen embryo transfer
were also compared between the two DFI groups.
Implantation was calculated as the number of gestational sacs

divided by the number of embryos transferred. Miscarriage
was calculated per clinical pregnancy (pregnancy loss after a
gestational sac was visualized on ultrasound). Ongoing preg-
nancy was defined as the number of positive fetal heart rates at
time of discharge at 8–9 weeks gestational age divided by the
number of embryos transferred.

Results

Seven hundred twenty-seven patients were screened for par-
ticipation in the study. Three hundred twenty-three patients
met inclusion criteria and signed consents to participate. Of
these patients, 89 were withdrawn (did not meet minimum
sperm parameters on day of egg retrieval: 37; specimen not
collected: 5; specimen compromised: 37; decided against
PGT-A testing after enrollment: 2; canceled due to inadequate
response: 2; spontaneous pregnancy: 1; changed mind: 5).
Two hundred thirty-four patients who met inclusion criteria
were included in the study.

Semen analysis parameters and embryologic
outcomes

All 234 patients were included in the analysis of SDF in rela-
tion to semen analysis parameters (Table 1) and embryologic
outcomes (Fig. 2). One hundred seventy-nine patients had
DFI ≤ 15% (low DFI group) and 55 patients had DFI > 15%
(high DFI group). There was no difference in female age be-
tween the two groups. The mean age of men in the high DFI
group was older compared to the low DFI group (40.5 years
vs. 38.3 years, respectively; p = 0.001). Total motile sperm
and sperm concentration were significantly lower in the high
DFI group versus the low DFI group, both on initial semen

93.5%

80.4%

92.9% 90.4%
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75%

100%

SET Frozen FET

DFI ≤ 15% (n=138) DFI > 15% (n=42)

p = 1 p = 0.164

Fig. 1. Cycle types between DFI
groups. There were no significant
differences in the percentage of
single embryo transfer (SET) or
frozen embryo transfer
(FET) cycles between DFI groups
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analysis obtained prior to IVF and on the semen sample used
for ICSI (Table 1).

Embryologic outcomes were evaluated both as unadjusted
and adjusted odds ratios, as generalized linear mixed models
indicated that female age impacted both blastulation and eu-
ploidy rates. After adjusting for female age, there was no
significant difference in the odds of fertilization, blastulation,
or euploidy between the low and high DFI groups (Table 2).
Sperm DNA fragmentation does not appear to impact these
embryologic outcomes after ICSI.

Clinical outcomes

One hundred eighty patients underwent euploid blastocyst
transfer. Those not yet proceeding with embryo transfer most
commonly had elected to pursue additional stimulation cycles
for embryo accumulation or had no euploid embryos for trans-
fer. Clinical outcome data are depicted in Fig. 2. There was no
difference in rates of single embryo transfer (SET) (93.5% vs.
92.9%, p = 1) or frozen embryo transfer (80.4% vs. 90.4%, p =
0.164) between the low and high DFI groups, respectively
(Fig. 1). One hundred twenty-nine patients achieved a clinical
pregnancy (72%). There were no significant differences in
implantation rate, miscarriage, or ongoing pregnancy between
the two groups (Fig. 2).

Discussion

This prospective study demonstrates that sperm DNA frag-
mentation is inversely related to sperm motility and concen-
tration. Increasing levels of DNA fragmentation are correlated
with both low sperm concentration and total motile sperm
count. These findings are consistent with previous literature
that also suggests elevated levels of SDF are associated with
abnormal semen analysis parameters [18, 19].

Sperm DNA fragmentation in the sample used for fertiliza-
tion was not associated with embryologic outcomes, including

fertilization, blastulation, and euploidy in this study. Notably,
all patients in this study had fertilization with ICSI, since PGT-
Awas planned. There are data to suggest that elevated levels
of sperm DNA fragmentation may negatively impact fertiliza-
tion rates after conventional insemination [20]. It is possible
that the process of ICSI circumvents any detriment that SDF
has on fertilization. In this study population, there was no
difference in blastulation or aneuploidy rates between the
low and high DFI groups after ICSI.

In attempt to determine the specific impact of SDF on clin-
ical outcomes, we controlled for embryonic aneuploidy in the
evaluation of pregnancy and miscarriage rates as all patients
underwent euploid blastocyst transfer. There was no impact of
SDF on implantation, miscarriage, or ongoing pregnancy
rates. The miscarriage rate after euploid blastocyst transfer
were low in all study patients, and this low number of patients
experiencing pregnancy lossmay have limited the comparison
of miscarriage rates between DFI groups. Other studies have
also been limited in the analysis of miscarriage due to limited
sample size, though trends towards a positive correlation be-
tween increasing SDF and miscarriage have been found [21].
It is possible that a larger cohort of study subjects would have
resulted in observable differences in this clinical outcome.

This study has many strengths. Importantly, embryologic
and clinical outcomeswere evaluated based on levels of sperm
DNA fragmentation in the semen sample used for fertilization.
SDF in the sample used for ICSI may be more predictive of
the actual effects of DNA fragmentation on IVF outcomes.
One of the major limitations of previous studies is that SDF
was measured on a semen sample obtained prior to the IVF
cycle and then analyzed in relation to clinical outcomes after
IVF at a later time. However, there is known intra-patient
variability in SDF. In one such study, it was demonstrated that
amongmen with high levels of SDF > 30%, only 63% of them
had SDF in this range on successive testing, and the remaining
37% had SDF in the normal or intermediate range [14]. In this
same study, a proportion of men who initially had low levels
of SDF subsequently had DFI > 30% on repeat testing. These

Table 1 Demographics and
semen analysis parameters DFI ≤ 15% (n = 179) DFI > 15% (n = 55) P valuea

DFI (%) 9 (6-12) 22 (17-27)

Female age (years) 37.6 ± 1.7 37.8 ± 2 0.363

Male age (years) 38.3 ± 3.9 40.5 ± 5.6 0.001*

Total motile sperm (SA) (106) 88.8 (50.2-150.9) 49.5 (27-87.1) 0.005*

Concentration (SA) (106/ml) 55.5 (21-55.5) 45 (8-45) 0.01*

Morphology (SA) (%) 2 (0-2) 2 (0-2) 0.366

Total motile sperm (VOR) (106) 73.9 (38-82.3) 42.6 (19.8-76.4) 0.001*

Concentration (VOR) (106/ml) 59 (40-88) 37.5 (21.3-62) <0.001*

aMann–Whitney U test and t test. Values listed as mean ± SD and median (IQR)

*Statistically significant

SA, semen analysis; VOR, vaginal oocyte retrieval

74 J Assist Reprod Genet (2020) 37:71–76



results indicate that it may be sub-optimal to associate IVF
outcomes with SDF results obtained at an earlier time as there
can be significant variability in SDF over time. Another nota-
ble strength of this study is that we controlled for embryonic
aneuploidy in the evaluation of pregnancy outcomes. It is
well-established that embryonic aneuploidy impacts pregnan-
cy and miscarriage rates in both natural and assisted concep-
tions. Controlling for this significant confounder is therefore
imperative when focusing on the direct impact of sperm DNA
fragmentation on pregnancy outcomes after IVF. SDFwas not
associated with embryonic aneuploidy nor was it associated
with clinical outcomes after euploid blastocyst transfer.

This study is not without limitations. All patients
underwent fertilization with ICSI, which may limit the gener-
alizability of the study results. While our data suggest that
embryologic and clinical outcomes are not affected by SDF
after ICSI, it is unclear if elevated SDF may have impacted
these outcomes after conventional IVF [20]. Another impor-
tant consideration is that patients were divided into groups
using a DFI cut-off of 15%, which is considered to be inter-
mediately elevated SDF. This cut-off was selected to optimize
the number of patients in the normal DFI group and the ele-
vatedDFI group (which includedDFI in the intermediate (DFI
16–25%) and high (DFI > 25%) ranges). There were only 19

patients with DFI > 25% in our study and 215 with DFI ≤
25%. Separating patients into groups using a DFI cut-off of
25% would have limited the ability to analyze outcomes due
to the low number of patients with DFI in the highest range.
The low number of men with very high DFI may be due to the
study design of excluding men with significant abnormalities
on the semen analysis on the day of fertilization. In these
instances, the entire sperm sample was used for fertilization,
as it was important to the investigators that clinical care was
not compromised in this study.

The results of this study evaluating IVF outcomes using a
DFI cut-off of 15% are valuable. This separates patients into
low (DFI ≤ 15%) and intermediate-high (DFI > 15%) SDF.
There are data to suggest that DFI in both the intermediate and
high ranges impact fertilization and live birth rates. In one
such study, DFI > 10% was associated with decreased fertili-
zation rates in IVF, and SDF > 20% decreased the odds of live
birth [20]. In our study population, there does not appear to be
a difference in embryologic or clinical outcomes between men
with low SDF and those with intermediate to high levels of
SDF.

In summary, this study demonstrates that sperm DNA frag-
mentation on the day of fertilization is not associated with
fertilization, blastulation, aneuploidy, or pregnancy outcomes

68.8% 65.9%
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DFI ≤ 15% (n=138) DFI > 15% (n=42)

p = 0.171
p = 0.451
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Fig. 2. Clinical outcomes. One
hundred eighty patients had an
embryo transfer, 129 patients had
a clinical pregnancy.
Implantation, ongoing pregnancy,
and miscarriage rates were similar
between DFI groups (Fisher’s
exact test, 2-sided). Data
presented as mean; error bars =
standard error. Implantation = #
gestational sacs/# embryos
transferred, ongoing pregnancy =
# positive cardiac activity at
discharge/# embryos transferred,
miscarriage = # pregnancy loss/
clinical pregnancy

Table 2 Embryologic outcomes. There were no differences in fertilization, blastulation, or euploid rates between DFI groups. Values are report as odds
ratio (OR) with 95% confidence interval (CI). SE, standard error

DFI ≤ 15% (n = 179) DFI > 15% (n = 55) OR (95% CI) P value Adj OR (95% CI)a P value

Fertilization (%) 86.3% (SE 0.9%) 84.2% (SE 1.8%) 0.84 (0.62–1.15) 0.276 0.86 (0.63–1.18) 0.343

Blastulation (%) 49.5% (SE 1.8%) 48.8% (SE 3.3%) 0.98 (0.73–1.31) 0.865 1.02 (0.75–1.36) 0.937

DFI ≤ 15% (n = 166) DFI > 15% (n = 52) OR (95% CI) P value Adj OR (95% CI)a P value

Euploid (%) 55.7% (SE 1.8%) 52.1% (SE 3.5%) 0.86 (0.64–1.18) 0.350 0.96 (0.70–1.31) 0.786

aAdjusted OR is reported after adjusting for female age. A random effects term was used in the models to account for the repeated measures due to
multiple oocytes from the same patient. Fertilization = 2PN/M2; blastulation = # blastocysts/# 2PN; euploid = # euploid/# biopsied
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after euploid blastocyst transfer. Sperm DNA fragmentation
does appear to be inversely correlated with semen analysis
parameters. Increasing levels of sperm DNA fragmentation
are associated with low sperm concentration and total motile
sperm counts. Therefore, while SDF testing may be informa-
tive, it may not influence clinical decision making beyond
what is determined from routine semen analysis, as men with
low sperm concentration or motility are often advised to pur-
sue ICSI based on semen analysis results alone. The results of
this study suggest that men with sperm DNA fragmentation >
15% can expect equivalent IVF outcomes after ICSI and eu-
ploid embryo transfer compared to men with low levels of
sperm DNA fragmentation.
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