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Abstract

Infertility refers to a couple's inability to conceive after a period of normal, unprotected sexual activity or to carry a pregnancy to
full term. This study investigated the correlation between sperm DNA fragmentation index (DFI) and routine semen parameters, as
well as its predictive value for in vitro fertilization (IVF) outcomes. A total of 158 infertile patients undergoing IVF-embryo transfer
(ET) from September 2021 to February 2023 were enrolled. Based on DFI levels, patients were divided into a low-DFI group (DFI
<25%, n=94) and a high-DFI group (DFI > 25%, n=64). Routine semen parameters were analyzed and correlated with DFI levels.
DFI showed significant negative correlations with sperm motility, progressive motility (PR), and non-progressive motility (NP), and
a positive correlation with immotility (IM) (P<0.05).Receiver operating characteristic (ROC) analysis revealed that combined semen
parameters had the highest diagnostic value for assessing DFI (AUC = 0.998). Additionally, significant differences were observed
between groups in human chorionic gonadotropin (hCG) positivity and clinical pregnancy rates (P<0.05). We conclude that sperm
DFI is negatively associated with sperm motility parameters and positively associated with immotility. .1t has a predictive value for
clinical IVF outcomes and may serve as a useful indicator in infertility assessment. (Afr J Reprod Health 2026; 30 [3]:95 -103).
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Résumé

L’infertilité désigne I’incapacité d’un couple & concevoir aprés une période d’activité sexuelle normale et non protégée ou a mener
une grossesse a terme. Cette étude a examiné la corrélation entre I’indice de fragmentation de 1’adn du sperme (idd) et les parameétres
de routine du sperme, ainsi que sa valeur prédictive pour les résultats de la fécondation in vitro (fiv). Un total de 158 patients
infertiles ayant subi un transfert d’embryon fiv (ET) de septembre 2021 a février 2023 ont été recrutés. D’apres les taux d’idd, les
patients ont été divisés en un groupe a faible idd (DFI < 25%, n=94) et un groupe a haut DFI (DFI > 25%, n=64). Les paramétres de
Routine du sperme ont été analysés et mis en corrélation avec les niveaux d’idf. Les DFI ont montré des corrélations négatives
significatives avec la motilité des spermatozoides, la motilité progressive (PR) et la motilité non progressive (NP), et une corrélation
positive avec I’immotilité (IM) (P< 0,05). L’analyse des caractéristiques de fonctionnement du récepteur (ROC) a révélé que les
paramétres combinés du sperme avaient la valeur diagnostique la plus élevée pour évaluer la DFI (AUC = 0,998). De plus, des
différences significatives ont été observées entre les groupes ence qui concerne la positivité de la gonadotrophine chorionique
humaine (hCG) et les taux de grossesse clinique (P< 0,05). Nous concluons que la DFI du sperme est négativement associée aux
parameétres de motilité des spermatozoides et positivement associée a I’immotilité. Il a une valeur prédictive pour les résultats
cliniques de la fiv et peut servir d’indicateur utile dans 1’évaluation de ’infertilité. (Afr J Reprod Health 2026; 30 [3]: 95-103).

Mots-clés: adn; La fragmentation; La fécondation in vitro; Le sperme; Le sperme

Introduction

Infertility is defined as the inability to conceive or to
carry a pregnancy to term despite regular
unprotected intercourse.lIn addition to female
factors (such as ovulatory dysfunction and uterine
abnormalities, endocrine disorders) and male factors

(such as sperm quality problems and sexual
dysfunction), infertility may also be attributed to
immunological factors, genetic factors, unhealthy
lifestyle, and adverse environmental factors?:.
Currently, infertility has been considered the third
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largest category of diseases affecting human health,
also as one of the major global public health and
clinical issues, and about 40% of infertility cases are
ascribed to male factors*. The assessment methods
for male fertility have changed from detection of the
morphology, quantity, and sperm concentration in
the past to in-depth exploration at the cellular and
molecular levels at present. Sperm DNA
fragmentation index (DFI) refers to the proportion of
DNA with single-strand breaks to the total sperm
DNA, which is a crucial indicator reflecting the
degree of sperm DNA fragmentation (SDF),
enabling more accurate evaluation of sperm quality
microscopically and genetically®. The level of DFI
plays a crucial role in male fertility. For example, an
excessively high DFI level possibly suggests
decreased quality of sperms, which enhances the
difficulties in conception®. In vitro fertilization-
embryo transfer (IVF-ET) technology exerts
obvious therapeutic effects on infertility, through
which the fusion of ova with sperm is realized in an
external laboratory environment, and then the
formed embryo is transferred back into the womb of
females’. In practice, however, pregnancy failure
and recurrent miscarriage are still found in some
patients receiving IVF-ET treatment. Given this,
deeply exploring the relationship between sperm
DFI and routine semen parameters as well as its
predictive value for the clinical outcomes of IVF is
of great clinical significance.

In the present study, sperm DFI was detected, and its
correlations  with routine semen parameters
including sperm motility rate, progressive motility
(PR) rate, non-progressive motility (NP) rate and
immotility (IM) rate were determined. The aim of
this study was to provide a reliable reference for
predicting the clinical outcomes of IVF.

Methods
Subjects

Subjects (n=158) were selected from men with
infertility who received outpatient treatment at The
People’s Hospital of Chuxiong Yi Autonomous
Prefecture between September 2021 and February
2023. Based on their sperm DNA fragmentation
index (DFI), patients were categorized into a low-
DFI group (DFI < 25%, n=94) and a high-DFI group
(DFI >25%, n=64) according to the grouping method
described in previous literature®.

Correlation of sperm DNA fragmentation index

Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) males aged
20-45 years undergoing routine semen tests; 2) those
who had cohabited with their spouses for 1 year or
more, with regular sexual activity (minimum
frequency of once per week); 3) those without a
history of testicular or epididymal trauma; 4) those
without a history of varicocele or having undergone
corrective surgery at least 6 months prior to
enrollment; 5) those without hormonal therapy use
within the last 6 months; 6) those without
comorbidities that may directly impact fertility.

The exclusion criteria involved: 1) males with
infertility due to confirmed female factors (such as
fallopian  tube  obstruction and ovulatory
dysfunction) or their spouses not suitable for
conception owing to malignant diseases; 2) those
with acute reproductive system infections, familial-
hereditary diseases, or chromosomal abnormalities;
3) those currently using medications known to
negatively impact sperm DNA integrity (e.g. certain
chemotherapeutic agents).

Sperm quality test

Following 2-7 days of sexual abstinence in males,
the urethral orifice and genitals were routinely
disinfected, and then the semen was collected
through masturbation and placed in a clean and
sterilized container to avoid contamination and
leakage. Next, a portion of the acquired semen was
liquified and then subjected to routine semen
analysis and SDF determination®, and the remaining
was utilized for IVF treatment. Routine
examinations on the semen of all patients were
conducted using the Sperm Class Analyzer
(Microptic, Barcelona, Spain).

Sperm DNA integrity test

The sperm chromatin dispersion test was conducted
to determine sperm DFI%, In detail, the test was
performed using Halosperm® kit (Halotech DNA,
Madrid, Spain) to assess sperm DNA fragmentation.
Sperm samples were processed by embedding cells
in low-melting-point agarose on slides, followed by
acidic denaturation and lysis to remove nuclear
proteins. After staining, they were examined under a
microscope, with intact DNA forming halos around
the nuclei, while fragmented DNA exhibited
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minimal or no halo. DFI was calculated based on
halo patterns.

IVF treatment

Semen samples were subjected to density gradient
centrifugation with 80% and 40% silanized silica gel
suspensions. In detail, 1-2 mL of semen was layered
over the gradients, with 80% at the bottom and 40%
above it, followed by centrifugation at 300 xg for 20
minutes at room temperature. This process
effectively separated motile, morphologically
normal sperm, which concentrated at the bottom
layer, from debris and less viable sperm, which
remained in the upper layers. The sperm pellet was
then collected for further analysis. After washing,
the upper liquid was discarded, and the remaining
liquid was centrifuged and washed again. Next, the
pellet was resuspended gently before being used for
assisted reproduction, and 0.5 mL of the liquid was
harvested for the assisted reproductive technology.
Routine ovulation induction was completed (the
mini-stimulation protocol was employed in a small
number of subjects due to the decline of the females'
ovarian function!) based on the condition of
spouses, and the follicle was continuously monitored
with B-ultrasound examination. When the dominant
follicle matured (with a diameter of 16-22 mm),
5000-7500 IU of human chorionic gonadotrophin
(HCG) was intramuscularly injected for ovulation,
after which conventional luteal support was given.

Pregnancy outcome determination

Two weeks after embryo transfer, blood f-HCG was
measured to determine whether biochemical
pregnancy was established. Thirty days after
transfer, B-ultrasound examination was performed,
and clinical pregnancy was confirmed when there
was a gestational sac or a fetal heart beat in the
uterine cavity. Spontaneous abortion within 12
weeks after pregnancy was considered as first-
trimester abortion.

Statistical analysis

Statistical analysis was performed with statistical
software SPSS22.0 (IBM Inc., Armonk, USA).
Measurement data were normally distributed as
confirmed by the Shapiro-Wilk test, and expressed
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as mean = standard deviation (x + s). They were
subjected to the t-test for pairwise comparison
between two groups and one-way analysis of
variance for mean comparison among multiple
groups. Pearson correlation analysis was conducted
on routine semen parameters.

The receiver operating characteristic (ROC)
curves were plotted, based on which the predictive
value of DFI for the clinical outcomes of IVF was
evaluated. P<0.05 denoted that the difference was
statistically significant.

Ethical considerations

This study was conducted in accordance with the
Declaration of Helsinki and was approved by the
Ethics Committee of The People’s Hospital of
Chuxiong Yi Autonomous Prefecture. As this was a
retrospective analysis of anonymized clinical data,
the committee determined that informed consent
could be waived

Results
General data of patients

The age of males, age of females, body mass index
of females, years of infertility, basal follicle
stimulating hormone level, and number of fertilized
oocytes showed no differences between the two
groups (P>0.05) (Table 1).

Results of differential analysis on routine
semen parameters.

The results of differential analysis on routine semen
parameters showed that the sperm concentration
showed no significant difference between low-DFI
and high-DFI groups (P>0.05), but the sperm
motility rate, PR rate, NP rate and IM rate varied
between the two groups (P<0.05) (Table 2).

Results of correlation analysis between DFI
and routine semen parameters

The routine semen parameters sperm motility rate,
PR rate and NP rate had significant positive
correlations with low DFI level, whereas IM rate
displayed a significant negative correlation with low
DFI level (P<0.05) (Table 3).
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Table 1: General data of patients (x £ s)

Correlation of sperm DNA fragmentation index

Item Low-DFI High-DFI group t P
group (n=94) (n=64)
Age of males (year) 31.56+2.31 32.14+2.23 1571 0.118
Age of females (year) 29.44+1.33 29.63+1.61 0.809 0.420
Body mass index of females (kg/m?)  20.32+2.31 20.54+1.96 0.624 0.534
Years of infertility 3.44+0.51 3.49+0.56 0.581 0.561
Basal follicle stimulating hormone 9.85+1.24 9.68+1.31 0.827  0.409
level (U/L)
Quantity of fertilized oocytes 8.21+1.21 8.02+1.08 1.011  0.313
DFI: DNA fragmentation index.
Table 2: Differential analysis on routine semen parameters
Item Low-DFI group (n=94) High-DFI group t P
(n=64)
Sperm concentration 2.45+0.32 2.48+0.54 0.438 0.662
(x107/mL)
Sperm motility rate 59.44+7.21 31.2545.33 26.694 0.001
PR rate 35.3445.78 17.23+6.56 18.299 0.001
NP rate 21.28+7.21 16.87+6.24 3.981  0.001
IM rate 46.2447.25 58.23+7.68 9.962 0.001

DFI: DNA fragmentation index; IM: immotility; NP: non-progressive motility; PR: progressive motility.

Table 3: Results of correlation analysis between DFI and routine semen parameters

Sperm motility PR NP IM rate
rate rate rate
DFI Pearson -0.906* -0.826* -0.304* 0.623*
correlation
P 0.001 0.001 0.001 0.001

DFI: DNA fragmentation index; IM: immotility; NP: non-progressive motility; PR: progressive motility. “Correlation

is significant at the 0.01 level

Assessment value of routine semen parameters
for DFI

ROC curves were plotted with sensitivity as the Y-
axis and "1-specificity" as the X-axis, with the level
of DFI as the dependent variable (low DFI=1, high
DFI1=0) and sperm motility rate, PR rate, NP rate, IM
rate, and their combination as independent variables
(Figure 1). It was found that the areas under the
curves (AUC) of sperm motility rate, PR rate, NP
rate, and IM rate for assessing DFI were 0.995,
0.982, 0.682 and 0.870, respectively, denoting that
the above indicators exhibited high values for DFI
assessment.

The AUC value of their combination was 0.998,
exceeding those of single indicators, indicating that
their combination was superior to single indicators
for assessing DFI (Table 4).

Differences in pregnancy outcomes between
DFI groups

The number of HCG-positive cases and clinical
pregnancy rate displayed significant differences
between the two groups (P<0.05), while the first-
trimester abortion rate was of no significant
difference between the two groups (P>0.05)
(Table 5).
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Table 4: Assessment value of routine semen parameters for DFI

Factor Area Cut-off 95% P Specificity ~ Sensitivity Youden index
under the  value confidence
curve interval
Sperm 0.995 0.006 0.984-1.000 0.001 0.484 0.989 0.473
motility rate
PR rate 0.982 0.008 0.966-0.997 0.001 0.781 0.968 0.749
NP rate 0.682 0.043 0.598-0.767 0.001 0.203 0.904 0.107
IM rate 0.870 0.03 0.810-0.929 0.001 0.312 0.979 0.291
Combination  0.998 0.002 0.994-1.000 0.001 0.937 0.989 0.926

DFI: DNA fragmentation index; IM: immotility; NP: non-progressive motility; PR: progressive motility.

Iramuonility

Combined detection
Retorvnee line

Sensifivity

V0 0.2 0.4 0.6 (IR 10

l-specificity

Figure 1: ROC curves of assessment value of routine semen parameters for DFI. DFI: DNA fragmentation index;
ROC: receiver operating characteristic.

Table 5: Differences in pregnancy outcomes between DFI groups

Group Number of HCG- Clinical pregnancy rate  First-trimester  abortion
positive cases rate

Low-DFI (n=94) 48 (51.06) 42 (44.68) 9 (9.57)

High-DFI (n=64) 20 (31.25) 18 (28.13) 5(7.81)

Statistical value 48.035 51.571 0.123

P 0.001 0.001 0.725

DFI: DNA fragmentation index; HCG: human chorionic gonadotrophin.

Table 6: Predictive value of DFI for I\VVF outcomes

Area under the Cut-off 95% confidence Specificity  Sensitivity Youden
curve value interval index
DFI 0.585 0.046 0.494-0.676 0.469 0.7 0.169

DFI: DNA fragmentation index; IVF: in vitro fertilization
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Predictive value of DFI for clinical pregnancy

ROC curve analysis was conducted with clinical
pregnancy as the dependent variable (success=1,
failure=0), DFI as the independent variable,
sensitivity as the Y-axis, and "1-specificity" as the
X-axis (Figure 2). The results revealed that the AUC
value of DFI for assessing clinical pregnancy was
0.585, indicating that DFI had a high predictive
value for clinical pregnancy (Table 6).

Discussion

Male factors alone contribute to about 40% of
infertility in couples, and directly cause 1-10% of
sterility2. Male reproduction mainly involves steps
such as sperm generation, maturation, and excretion,
and reproductive dysfunction occurs if any of these
steps is interfered with or affected by diseases or
other factors'®. Routine semen analysis has long been
applied to assess the major indicators of male
fertility. However, there are drastic fluctuations in
the results of routine semen analysis, which are
attributable to various factors including the period of
sexual abstinence, physical condition, and subjective
emotions, and sometimes the results cannot reflect
the actual fertility level of patients, influencing the
formulation of therapeutic regimens 4 Hence,
routine semen analysis is not necessarily the optimal
approach for male fertility analysis®®. SDF is
prevalent in infertile males, and sperm DNA loss has
been generally considered from the aspects of
oxidative stress, abnormal sperm apoptosis, and
abnormal sperm chromatin assembly*6-8,

Recently, sperm DFI test has been
successively used in large reproductive centers in
China and other countries for predicting the
outcomes of IVF-ET?2, Sperm DFI has been
proven to have negative influences on male fertility
at present?. Besides, sperm DFI is associated with
poor embryo development, low implantation rate,
and high abortion rate after IVF treatment?,
Nevertheless, some scholars reported that sperm DFI
level has no correlation with the clinical outcomes of
|VF23’24.

In the present study, the general data of 158
patients were compared, and no intergroup
differences were observed. Besides, the sperm
concentration was not different between the two
groups. Probably, sperm generation and maturation
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are complex physiological processes modulated by
multiple links and factors, and although DFI may
reflect the integrity of sperm genetic material, sperm
concentration mainly hinges on the spermatogenic
function of testes and the transportation and storage
of sperms, which may be independently modulated
by different physiological mechanisms. Therefore,
there is no direct correlation between DFI and sperm
concentration®, Moreover, sperm concentration
may be more affected by the quantity of
spermatogenic cells, hormone levels, and other
factors, which, however, have no close associations
with the formation of DNA fragments?. We herein
found that the high-DFI group displayed decreases
in the sperm motility rate, PR rate and NP rate, and
increase in the IM rate. Possibly, damaged DNA
interfered with the normal function of mitochondria
and other organelles, giving rise to an insufficient
supply of energy required for sperm motility 7.
DNA fragments may pose an impact on the flagellar
structure and function of sperms, causing movement
failure of flagella and thus reducing sperm motility,
which not only decreases the motility rate but also
alters the proportional distribution of sperms in
different motility states, including the reduction in
NP rate. Damaged DNA may reduce sperm cell
membrane stability and affect ion channels and
signal transduction, posing a negative impact on
sperm motility?2,

In this study, among routine semen
parameters, the sperm motility rate, PR rate and NP
rate were positively correlated with low DFI level,
whereas the IM rate was negatively correlated with
low DFI level. A low DFI level suggests high sperm
DNA integrity. Sperms with intact DNA usually
exhibit more normal physiological functions and
smoother energy metabolism, signal transduction
and other processes, which provides a strong support
for sperm motility. Intact DNA is also conducive to
maintaining the stability of sperm structure, thereby
raising the sperm motility rate, as well as PR and NP
rates accordingly. In most cases, sperms with a low
DFI level have higher quality, and during natural
selection, high-quality sperms are more likely to
remain motile to complete the fertilization process,
whereas immobile sperms tend to have various
defects, possibly including a higher degree of DNA
damage. Besides, sperms with low DFI levels are
able to use energy more efficiently for motility. On
the contrary, sperms with high DFI levels may
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consume considerable energy in the process of
responding to DNA damage repair, resulting in
decreased motility or even immobility?.

In the present study, these four routine
semen parameters had high evaluation values for
DFI, and their combination performed better in
evaluating DFI. In addition, significant differences
were observed in the number of HCG-positive cases
and clinical pregnancy rate between the two groups,
but the first-trimester abortion rate was not
significantly different between the two groups. The
low-DFI group had more HCG-positive cases.
Probably, sperms in the low-DFI group have high
DNA integrity, so the genetic information carried by
them is more stable, and the genetic material can be
transmitted to the ovum more accurately during
fertilization, thereby elevating the success rate of
fertilization. Moreover, higher sperm quality
contributes to the formation of healthier embryos,
improving the ability of embryos to implant in the
uterus and thus elevating the clinical pregnancy rate.
However, a high proportion of sperm exhibiting
DNA fragmentation was observed in the high-DFI
group, which may impair sperm function and
fertilization ability. Even in the case of successful
fertilization, the poor embryo quality may affect
implantation, reducing the number of HCG-positive
cases and clinical pregnancy rate *°. Besides sperm
DFI, other factors (such as endocrine status and
endometrial receptivity of females, immunological
factors and chromosomal abnormalities) may also
have evident effects on first-trimester abortion®. A
difference was herein found in sperm quality
between the two groups, but the complexity of other
factors may cover up the difference in first-trimester
abortion caused by various DFI values. Furthermore,
we found that DFI had a high predictive value for
clinical pregnancy

Study strengths and limitations

This study has several notable strengths. First, it
analyzed a well-defined cohort of infertile men
undergoing IVF treatment, enabling a direct
assessment of the relationship between sperm DNA
fragmentation and clinically relevant reproductive
outcomes. Second, the study integrated routine
semen parameters with DFI measurements,
providing a more comprehensive evaluation of
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sperm quality that reflects both structural integrity
and functional characteristics. Third, the use of
standardized laboratory procedures, including the
Halosperm® assay and computer-assisted semen
analysis, strengthened the reliability of the data.

Nonetheless, several limitations should be
acknowledged. As a retrospective single-center
study, the findings may be subject to inherent
selection bias and may not be fully generalizable to
other populations or clinical settings. Additionally,
potential confounders such as lifestyle factors,
environmental exposures, or underlying
comorbidities were not fully captured, which may
influence DFI or IVF outcomes. The sample size,
although adequate for preliminary associations, may
still limit subgroup analyses. Finally, because female
factors also contribute significantly to IVF success,
unmeasured variations in  ovarian  reserve,
endometrial receptivity, or embryo quality could
partly obscure the independent effect of male DFI.
Despite these limitations, the findings have
important implications for clinical practice.
Incorporating DFI assessment into routine male
infertility evaluation may improve risk stratification
and counseling for couples undergoing IVF. The
results also highlight the need for greater attention to
sperm DNA integrity in reproductive medicine and
may inform future policy recommendations
regarding standardized DFI testing as part of male
fertility workup.

Conclusion

In conclusion, the sperm motility rate, PR rate, and
NP rate have negative correlations with DFI, while
IM rate displays a positive correlation with DFI.
Sperm DFI has certain predictive value for the
clinical outcomes of IVF. Hence, in clinical practice,
particular attention should be paid to sperm DFI test,
and sperm DFI, together with routine semen
parameters and other indicators, can be utilized for
the comprehensive assessment of sperm quality,
rendering a basis for the diagnosis and treatment of
infertility.
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