Clinical Medicine Research
2021; 10(3): 105-111
http://www.sciencepublishinggroup.com/j/cmr
doi: 10.11648/j.cmr.20211003.17

B Jl ar )
otlencePl

Science Publishing Group

ISSN: 2326-9049 (Print); ISSN: 2326-9057 (Online)

Sperm DNA Fragmentation Has a Negative Impact on
Cumulative Live Birth Rate of IVF-ET/ICSI in Patients with
Oligozoospermia

Liang Xiaodong, Duan Rubing, Ji Peng, Shen Binglian, Mo Ganwen, Guo Jianghua, Liao Yongbin*
Reproductive Medicine Center, Jiangmen Central Hospital, Affiliated Jiangmen Hospital of Sun Yat-Sen University, Jiangmen, China
Email address:

229290147(@qq.com (Liang Xiaodong), 1754930016(@qq.com (Duan Rubing), 21311732(@qq.com (Ji Peng),

404697691(@qq.com (Shen Binglian), 2507959605 @qq.com (Mo Ganwen), 597291523(@qq.com (Guo Jianghua),
836944528(wqq.com (Liao Yongbin)

*Corresponding author

To cite this article:

Liang Xiaodong, Duan Rubing, Ji Peng, Shen Binglian, Mo Ganwen, Guo Jianghua, Liao Yongbin. Sperm DNA Fragmentation Has a
Negative Impact on Cumulative Live Birth Rate of IVF-ET/ICSI in Patients with Oligozoospermia. Clinical Medicine Research.

Vol. 10, No. 3, 2021, pp. 105-111. doi: 10.11648/j.cmr.20211003.17

Received: May 26, 2021; Accepted: June 17, 2021; Published: June 26, 2021

Abstract: The relationship between sperm DNA fragmentation and in vitro fertilization (IVF) outcome was uncertain
today. In the past, researchers studying the pregnancy outcome of IVF, mainly base on fresh embryo transplantation cycle,
recently, cumulative live birth rate was consider as a new indicator of IVF successful rate which is used to evaluate the
pregnancy outcome by fresh or thawed transferred embryos until live birth or use up all embryos in one oocyte collection
cycle, is more comprehensive. The purpose of this research is to investigate the relationship between sperm DNA
fragmentation and cumulative live birth rate. 1019 couples who were assisted by IVF in our center from Jan 2012 to Dec
2016 were studied according to inclusive criteria, and divided into four groups by DNA fragmentation index (DFI), which
were determined by sperm chrome structure assay (SCSA), then the fertilization rate, No. of Embryo available and
cumulative live birth rate between the groups were analyzed. Cumulative live birth curve was plotted to study the time to
reach live birth, and Cox regression model was used in order to find out the factors affecting pregnancy outcome. Study
results showed no significant difference in cumulative live birth rate between the four groups, but DFI >40% group were
significantly lower than the other three groups. In the cumulative live birth curve figure, except the high DFI group, the
curve of the other three groups is relatively close. Cox regression model suggest that DFI was not the main factor affecting
pregnancy outcome. Further studies in these patients with oligozoospermia showed that when DFI increase, a decrease trend
was appeared in cumulative live birth rate, and spend more time to reach live birth studied by the live birth curve. Cox
model showed that DFI was the impact factor of pregnancy outcome in oligozoospermia patients. In conclusion, abnormal
sperm DNA fragmentation have a negative impact on cumulative live birth rate in patients with oligozoospermia, but
further research was still needed.
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recurrent pregnancy loss [1, 2]. Recent studies have shown
that sperm DNA fragments have adverse effects on
pregnancy outcomes of assisted reproductive technology [3,
4] and can be predicted for the prognosis of in vitro
fertilization (IVF) treatment [5, 6]. However, previous
studies have used clinical pregnancy rate or live birth rate as
outcome indicators, mainly based on the fresh embryo
transfer cycles. With the rapid development of

1. Introduction

Sperm DNA fragment is the DNA strand break caused by
DNA damage during spermatogenesis under various external
factors such as high temperature, radiation, infection and
reactive oxygen species. The generation of sperm DNA
fragmentation involves the change of genetic material, which
can lead to many consequences, such as infertility and
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cryopreservation technology, there is a chance for delivery as
long as patients still have frozen embryos available.
Therefore, these indicators can not access the overall success
rate of patients after multiple cycles and the impact of DNA
damage on clinical outcomes. Recently, some scholars put
forward the concept of cumulative live birth rate, which is
used to evaluate the pregnancy outcome of IVF patients who
transfer fresh or thawed embryos to live birth or use up all
embryos in one oocyte collection cycle [7-9]. As the
cumulative live birth rate takes into account factors such as
embryo freezing and thawing, the analysis of IVF outcomes
is more comprehensive. Therefore, we used it as an outcome
index to explore the impact of DNA fragmentation on
pregnancy outcomes.

2. Meterials and Methods
2.1. Study Design

The dataset of IVF patients from January 2012 to
December 2016 in our centre were selected, and followed up
until December 2018. Inclusion criteria: (1) the age of the
female in the first full cycle of fresh cycle is less than or
equal to 35 years old; (2) Ovarian stimulation of the female
was performed using long Gonadotrophin releasing hormone
agonist (GnRH-a) protocol. Exclusion criteria: (1) ovarian
reserve function was low, according to Zhang et al. [10]:
basic sinus follicle count < 5, or basic follicle stimulating
hormone (FSH) > 10 mmol / L, or once appeared in the
previous ovarian stimulation cycle with oocyte retrieval
count < 5; (2) oocyte freezing cycle; (3) follow up from the
date of oocyte collection to the end, no live birth record was
found, but still have frozen embryos in one oocyte collection
cycle.

2.2. Methods

2.2.1. Controlled Ovarian Hyperstimulation and Oocyte
Retrieval

GnRH-a was used in the middle luteal phase according to
long GnRH-agonist protocol. 16-20 days after GnRH-a using,
recombine FSH was used to start up after patients reach the
down-regulating level. At the same time, B-ultrasound was
used to monitor the development of follicles and measure the
level of serum sex hormone. When the diameter of at least
one follicle reached 18 mm or the diameter of at least three
follicles reached 17 mm, human chorionic gonadotrophin
(HCG) was injected. The oocytes were retrieved in 34-36
hours after HCG injection.

2.2.2. Semen Collection and Processing

After 3-5 days abstinence, semen was collected on the day
of oocyte retrieval, and then be processed by the methods of
density gradient centrifugation or swim-up.

2.2.3. In Vitro Fertilization and Embryo Culture
After oocyte retrieval, oocyte was fertilized by routine IVF

protocol. If the fertilization rate is low, rescue intracytoplasm
sperm injection (ICSI) program should be used. The embryo
was observed on Day 3 after fertilization. High-quality
embryo was defined as the embryo with 3-5 cells above
grade B of Day 2 or 6-10 cells above grade B of Day 3.
According to the situation of embryo and patients, fresh
embryo transfer was carried out, and the remaining embryos
were cryopreserved.

2.2.4. Embryo Thawing and Transferred

On the 3-5 days of menstruation, the endometrial was
monitored and prepared. On the day of transplantation, the
frozen tube with embryo was thawed and transferred to the
culture medium for transplantation according to frozen
embryo transfer protocol. Lacteal support was given after
transplantation.

2.2.5. Sperm Chromatin Structure Assay (SCSA) for
Analyzing Sperm DNA Fragmentation Index (DFI)

After semen liquefaction, Tris-NaCI-EDTA buffer was
used for dilution. 0.05ml diluted suspension was put into
flow cytometer tube, 0.1ml acid treatment solution was added
for 30 seconds, and then 0.3ml acridine orange staining
solution was added. The fluorescence of 5000 spermatozoa
was detected, and the proportion of all kinds of fluorescence
spermatozoa was analyzed by flow cytometer, and DFI was
calculated.

2.2.6. Outcome Measure

According to the definition of cumulative live birth rate for
the complete cycle, select the couples of patients whose
embryos have been transferred or who have had live birth
records after one oocyte retrieval cycle as the analysis objects.
Cumulative live birth rate was defined as women who have at
least one live birth per women who achieve one complete
cycle.

2.2.7. Statistical Methods

For measurement indicators, if the conditions of normal
distribution and homogeneity of variance are met, one-way
ANOVA is used, if not, nonparametric test is used. Linear
correlation trend analysis is used for one-way and orderly
classification data. Kaplan Meier method was used to
analysis the patients who have multiple oocyte retrieval
cycles and plot the cumulative live birth curve, and Cox
proportional risk model was constructed for multi factor
analysis. Statistical procedure was completed by SPSS 25.0
software, P < 0.05 was considered statistically significant.

3. Results

3.1. Patient Characteristic

Baseline characteristics were shown in Table 1. It can be
seen that there is no significant difference in the basic
conditions of female patients among the four groups.
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Table 1. Baseline characteristics of female in couples.

<20% 20%~30% 30%~40% >=40% P value

DHI N=584 N=190 N=146 N=99

Female age 30.29+3.13 30.03+3.30 30.27+3.16 29.89+3.53 0.585
Body mass index (kg/m?) 21.69+3.23 21.91+3.31 21.2743.14 21.00+2.44 0.112
Duration (years) 4.12+2.88 4.21+2.82 3.68+2.48 3.67+2.39 0.249
Primary diagnosis of infertility (%) 54.8 53.2 61.6 53.5 0.587
Basic FSH (U/L) 5.54+1.63 5.63+1.69 5.88+2.09 5.65+1.61 0.254
Basic E2 (pg/ml) 56.21+52.41 54.62+69.24 56.17+£33.50 60.29+63.75 0.499
No. of oocyte retrieval 14.62+6.42 14.19+6.26 14.81+6.59 13.29+5.66 0.282

3.2. Fertilization and Pregnancy Outcome

The outcomes of IVF and pregnancy were shown in Table
2. It can be seen from the table that in the first complete cycle,
the total fertilization rate of IVF in four groups showed a
downward trend with the increase of DFI, while the total
cleavage rate of IVF, the total fertilization rate of ICSI, the
total cleavage rate of ICSI and the total excellent embryo rate
have no significant difference. There was no significant
correlation in cumulative live birth rate between the four
groups, but through the comparison of the two groups, it was

found that the cumulative live birth rate of the DFI > = 40%
group were significantly lower than the other three groups.
Figure 1 showed the cumulative live birth curve of the groups
in each follow-up month, which showed the time required for
the patients to reach live birth. In the figure, except DFI > =
40% group, the curve of the other three groups is relatively
close, which is consistent with the statistical conclusion in
Table 2. The common influencing factors were further
included in Cox regression model for multivariate analysis
[11], and it was found that DFI was not the main factor
affecting pregnancy outcome (Table 3).

Table 2. Fertilization rate and cumulative live birth rate (in the first complete cycle).

<20%

20%~30%

30%~40% >=40%

N=584 N=190 N=146 N=99 Pvalue
IVF fertilization rate (%) 82.6 82.1 78.9 77.8 0.000
IVF cleavage rate (%) 98.6 98.6 98.9 99.2 0.137
ICSI fertilization rate (%) 83.8 83.4 83.3 85.7 0.578
ICSI cleavage rate (%) 97.4 97.7 98.3 98.1 0.276
Good quality embryo rate (%) 41.4 44.2 40.7 44.9 0.127
No. of Embryo available 7.36+4.39 7.49+4.32 7.524+4.36 6.93+4.09 0.649
No. of Embryo transfer 1.98+0.26 1.95+0.26 1.98+0.28 1.97+0.26 0.443
Cumulative live birth rate (%) 75.7 73.7 76.7 65.7 0.137

Table 3. Analysis of cumulative outcome by COX regress model.

P OR
Female age 0.851 0.998 (0.973-1.023)
duration 0.683 0.994 (0.966-1.023)
Type of infertility 0.875
primary diagnosis of infertility 1.000
Secondary infertility 0.987 (0.844-1.156)
Basic FSH 0.593 0.987 (0.942-1.035)
Infertility factors 0.060
Male 1.000
female 0.009 0.774 (0.638-0.938)
both 0.659 0.934 (0.689-1.266)
others 0.105 0.803 (0.617-1.047)
Gn dose 0.009 0.999 (0.998-1.000)
ICSI or not 0.236 1.121 (0.928-1.354)
DFI 0.335 1.303 (0.761-2.233)
PR 0.288 1.001 (0.999-1.002)
Oocyte retrieve count 0.900 0.999 (0.988-1.011)
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Figure 1. Cumulative live birth curve between the four groups.

3.3. Analysis of Basic Conditions and Oocyte Number of
Couples with Oligozoospermia

Considering that the total number of sperm is different
between patients before semen treatment, the number of
sperm with complete DNA is also different, which may be

one of the influencing factors. For this reason, we further
analyzed the patients whose total sperm in semen was less
than 39 x 10° Table 4 showed the basic condition of the
female patients with oligozoospermia at the same time. There
is no significant difference between the groups.

Table 4. Baseline characteristics of female in couples with oligozoospermia.

DFI <20% 20%~30% 30%~40% >=40% P value
N=288 N=111 N=91 N=62
Female age 30.43+3.14 30.34+3.28 30.25+3.18 30.32+3.55 0.992
BMI (kg/m?) 21.96+3.43 21.94+3.29 21.70+2.94 21.18+2.46 0.153
Dutation (years) 4.22+2.82 4.47£2.90 3.73+2.66 3.44+2.24 0.067
Primary diagnosis of infertility (%) 55.6 55.0 64.8 62.9 0.118
Basic FSH (U/L) 5.50+1.59 5.66£1.70 6.04+2.07 5.67+1.62 0.099
Basic E2 (pg/ml) 56.75+36.12 56.48+82.60 53.44424.58 51.76+22.58 0.233
No. of oocyte retrieval 15.04+6.31 13.90+5.48 14.81£6.29 13.11+5.54 0.566

3.4. Analysis of Pregnancy Outcome of Couples with
Oligozoospermia

The outcomes of in vitro fertilization and pregnancy were
shown in table 5. From the perspective of pregnancy
outcomes, in the first complete cycle, the cumulative live
birth rate of the four groups decreased with the increase of

DFI. The cumulative live birth curve in Figure 2 is
significantly different, indicating that couples with high DFI
and oligozoospermia need longer time to achieve live birth
than those with low DFI. Further multi factor analysis found
that DFI was a factor affecting the pregnancy outcome of
couples with oligozoospermia (table 6).
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Figure 2. Cumulative live birth curve between the four groups in couples with oligozoospermia.
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Table 5. Fertilization and cumulative outcome in couples with oligozoospermia.

<20% 20%~30% 30%~40% >=40% P value

N=288 N=111 N=91 N=62
IVF fertilization rate (%) 79.9 78.9 74.7 75.7 0.001
IVF cleavage rate (%) 98.3 99.1 99.1 99.1 0.059
ICSI fertilization rate (%) 83.8 83.5 82.2 84.8 0.981
ICSI cleavage rate (%) 97.8 97.2 98.6 97.9 0.606
Good quality embryo rate (%) 43.7 45.9 40.3 434 0.327
No. of Embryo available 7.80+4.48 7.37+£3.91 7.37+3.98 6.69+4.04 0.309
No. of Embryo transfer 1.98+0.25 1.95+0.26 1.96+0.31 1.98+0.27 0.598
Cumulative live birth rate 77.4 72.1 71.4 59.7 0.006

Table 6. Analysis of cumulative outcome by COX regress model in couples with oligozoospermia.

P OR
Female age 0.928 0.998 (0.964-1.034)
duration 0.531 1.013 (0.973-1.054)
Type of infertility 0.796
primary diagnosis of infertility 1.000
Secondary infertility 1.029 (0.826-1.283)
Basic FSH 0.235 0.962 (0.902-1.026)
Infertility factors 0.106
Male 1.000
female 0.020 0.743 (0.579-0.954)
both 0.445 0.861 (0.588-1.263)
others 0.124 0.740 (0.504-1.086)
Gn dose 0.031 0.999 (0.998-1.000)
ICSI or not 0.096 1.221 (0.965-1.545)
DFI 0.017 2.387 (1.167-4.880)
PR 0.467 1.003 (0.995-1.010)
Oocyte retrieve count 0.432 1.007 (0.990-1.024)

4. Discussion

With the development of embryo freezing technology,
patients who fail to succeed in IVF fresh embryo transfer
cycle can freeze the available surplus embryos, so as to thaw
the embryos for transfer under suitable conditions in the
future and improve the probability of success, especially for
patients who are not suitable for embryo transfer due to
various special reasons in the fresh cycle. It is a strategy to
protect the safety of patients and ensure the chance of
pregnancy. However, so far, in the related research on the
effect of sperm DNA fragments on pregnancy outcome, the
evaluation method is still mainly based on fresh embryo
transfer cycle, and the indicators of clinical pregnancy and
live birth mainly refer to the pregnancy rate and live birth
rate of fresh cycle. Only a few reports analyze the effect of
sperm DNA fragments from the perspective of thawing
transfer cycle [12]. Cumulative live birth rate refers to the
live birth rate of the embryo obtained by one oocyte retrieval
until delivery is completed or no embryo can be transferred.
It defines all transfer cycles subordinate to the oocyte
retrieval cycle as a complete cycle, including both fresh
embryo transfer and thawing transfer cycle [9]. In addition,
the time from oocyte retrieval to live birth can be calculated
and the cumulative live birth curve can be plotted. Based on
the above advantages, the cumulative live birth rate has been
recognized and used by more and more scholars [13, 14], and
it is more appropriate to evaluate the impact of sperm DNA
fragments.

In this study, excluding ovarian function and basic
conditions, sperm DNA fragmentation had no significant
effect on the cumulative live birth rate in the first complete
cycle, and the cumulative live birth curve in each follow-up
month was also relatively close, indicating that sperm DNA
fragmentation has multiple effects on pregnancy outcome.
The first effect taken into consideration may be that the
sperm sample tested by SCSA comes from crude semen,
while sperm used in IVF/ICSI program have been processed
[12]. Moreover, the embryos obtained by IVF or ICSI have
been screened before transplantation, no matter in the fresh
or thawed transfer cycle, so that good embryos can be left for
transplantation. Finally, the endometrial receptivity on the
day of transplantation needs to be considered.

Considering that the total number of sperm among patients
before semen treatment is different, the absolute number of
sperm is also different although the same DNA fragments
rate, which may be one of the influencing factors, so we
further study the impact of sperm DNA fragmentation on
outcome with oligospermia. In this study, patients with high
DNA fragmentation rate began to show a certain impact on
the cumulative pregnancy outcome, indicating that although
these patients obtained fertilization mainly through ICSI
technology, they still failed to change the poor outcome [15,
x16]. As oligozoospermia itself can also affect pregnancy
outcome, Cox multivariate regression analysis model was
used in this study to find out other associated risk factors and
independent factors affecting pregnancy outcome. The results
showed that sperm DNA fragmentation was an independent
factor in oligozoospermia patients, suggesting that high DNA
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fragmentation rate would seriously affect the fertilization rate
and pregnancy outcome in patients with oligozoospermia.
Low sperm number and high DNA fragmentation rate mean
that the absolute number of sperm with normal DNA is also
relatively small, which reduces the fertilization rate and
further affects the cumulative live birth rate. Mehta et al.
found that for patients with severe oligozoospermia, using
testicular sperm has higher pregnancy rate and lower ICSI
abortion rate than ejaculating sperm, because testicular sperm
has more sperm with complete DNA than ejaculating sperm,
which showed that DNA fragmentation is of more important
clinical significance in patients with oligozoospermia [17]. In
patients with a large number of sperm, although the rate of
DNA fragments is high, there will still be a certain number of
normal sperm. After in vitro semen treatment, the number of
sperm may still meet the needs of in vitro fertilization. This is
the reason why WHO manual emphasizes the principle that
the total number of sperm is priority.

In addition, this study also found that DNA
fragmentation rate had a more significant effect on IVF
fertilization rate, but had little effect on ICSI total
fertilization rate, indicating that most of these patients
obtained fertilization through rescue ICSI technology, and
ultimately improved embryo quality and pregnancy
outcome. This suggests that sperm DNA fragmentation
mainly affects the natural process of sperm oocyte
combination [18]. In the past, the fertilization rate of IVF
was low, and the reason was usually found from acrosin,
acrosome reaction or oocyte maturity. Recent studies have
shown that the fragmentation rate of sperm nuclear DNA

can also affect the combination of sperm and oocyte [19-22].

However, the DNA damage of sperm occurs in the nucleus
of sperm, while the recognition between sperm and oocyte
only occurs on the surface of both. When sperm contacts
with oocyte, it is sperm membrane rather than sperm
nucleus and oocyte membrane that adheres and recognizes.
This suggests that sperm DNA damage may affect the
process of recognition with oocytes. However, due to the
multiple types of sperm DNA damage [23], the DNA repair
during spermatogenesis [24, 25] and the mechanism of
interaction with oocytes are more complex [26], further
research is needed to reveal the relationship between sperm
DNA damage and the process of recognition with oocytes.

5. Conclusion

This study is the first report to study the relationship
between sperm DNA fragmentation and cumulative live birth
rate. It is found that high DNA fragmentation rate has a
significant impact on the total number of sperm, but many
factors still need to be considered for in-depth analysis.
Secondly, DNA fragments may have a certain predictive
value for IVF fertilization. Whether DNA fragments can be
used as a predictive indicator for the selection of fertilization
methods, as well as its mechanism and influence, still need
further research in-depth and multi center.
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