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Background: Male factors contribute to approximately 50% of infertility cases, however, conventional semen analysis does
not detect molecular sperm abnormalities. Sperm DNA fragmentation (SDF) is crucial in fertilization, embryo development,
and pregnancy outcomes. However, its impact on assisted reproductive technology (ART) success remains unclear. Aim: This
study aims to investigate the clinical significance of SDF in ART outcomes and its potential as a biomarker for male infertility.
Methods: This prospective study included 180 infertile males. Semen analysis was performed as per World Health Organization
2021 guidelines, sperm morphology was assessed using Diff-Quik staining and a TUNEL assay with flow cytometry to evaluate
SDF. Based on semen parameters and SDF levels, participants underwent either in vitro fertilization (IVF, n = 59) or intrauterine
insemination (IUL, n =121). Pregnancy outcomes were assessed using beta-human chorionic gonadotropin levels and ultrasound.
Results: Significant differences in semen parameters and SDF levels were observed between IVF and IUI groups (P < 0.05).
I'VF had higher pregnancy rates, with a negative correlation between SDF and conception success. Elevated SDF (>20% human
chorionic gonadotropin) was associated with lower ART success. Lifestyle factors, including smoking (34.5%) and multiple
substance use (35.6%), significantly increased SDF levels (P = 0.0001). Conclusion: SDF correlates with altered semen
parameters and ART success, with lower SDF linked to improved IVF outcomes. Although a similar trend was observed in [UI,
the association was not statistically significant. Lifestyle factors and paternal age significantly influenced SDF. SDF assessment
can enhance the evaluation of male infertility and ART success.
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INTRODUCTION

Infertility is clinically defined as an inability to conceive
after 12 consecutive months of unprotected sexual
intercourse.! Infertility affects approximately 10%—15% of
couples worldwide, and its prevalence has increased in recent
years. Male factors account for nearly 50% of infertility cases,
with 20% attributed solely to male infertility, and an additional
30% involving both male and female factors.>* The evaluation
of male infertility primarily relies on conventional semen
analysis, which assesses parameters such as semen volume,
sperm concentration, motility, and morphology.* However,
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approximately 15% of men with normal semen parameters are
diagnosed as infertile, indicating that standard semen analysis
may not fully capture the complexities of male reproductive
potential.> Traditional semen analysis does not provide a
comprehensive assessment of sperm fertilization capacity. With
advancements in assisted reproductive technology (ART), it
is increasingly recognized that conventional semen analysis
alone is insufficient for a complete clinical evaluation of
male fertility.® Therefore, identifying more precise clinical
biomarkers is essential to elucidate the underlying causes of
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male infertility and their impact on reproductive outcomes.”
In particular, conventional semen analysis cannot effectively
evaluate molecular and subcellular factors associated with male
infertility. Among these, sperm DNA fragmentation (SDF) has
emerged as a significant biomarker linked to male infertility
and reproductive failure.*!® The sperm DNA fragmentation
index (DFI) is a critical parameter for assessing sperm DNA
integrity and identifying potential defects."" SDF has been
shown to influence key reproductive processes, including
fertilization, embryonic development, and the accurate
transmission of paternal genetic material in both natural
conception and ART procedures.’> While SDF assessment is
recognized as a valuable tool in evaluating male infertility, its
role in predicting ART outcomes remains inconclusive. Studies
exploring the impact of sperm DNA damage on ART success
rates have produced conflicting results, highlighting the need
for further investigation.'>'* Recent research has explored the
relationship between SDF and ART outcomes, yielding mixed
results. A study by Jiang et al. investigated the impact of sperm
DFI on early embryonic development during ART treatments.
Their findings indicated that previously proposed DFI
thresholds for diagnosing male infertility and predicting ART
outcomes ranged between 15% and 30%, with no universally
accepted standard. While DFI provides valuable insights into
sperm quality, its predictive reliability for embryo quality and
ART success remains limited, suggesting that DFI alone may
not be a definitive indicator of ART outcomes." Conversely,
Li et al. examined the influence of DFI on ART pregnancy
outcomes, categorizing patients based on their DFI levels.
Their study revealed that elevated DFI was associated with
reduced pregnancy rates in both in vitro fertilization (IVF)
and intracytoplasmic sperm injection (ICSI) cycles, indicating
a potential negative impact of SDF on ART success.!'® A
comprehensive meta-analysis further supports a significant
negative correlation between SDF and IVF outcomes,
showing a notable reduction in implantation and pregnancy
rates. While the effect of DFI on ICSI remains inconclusive,
these findings highlight the importance of routine SDF testing
in optimizing ART treatment strategies. However, further
large-scale, well-controlled studies are necessary to refine
clinical guidelines, particularly for ICSIL."

In contrast, Yao et al. concluded that sperm DNA damage
does not directly impact ART pregnancy outcomes but may
increase the risk of early miscarriage.'® In addition, a recent
study by Krog et al. suggests that assessing SDF should be
strongly considered in couples with recurrent pregnancy
loss before undergoing ART to mitigate the risk of early
miscarriage."” The discrepancies in the literature may stem from
differences in SDF detection methods across studies. Common
techniques for assessing SDF include the sperm chromatin
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structure assay, sperm chromatin dispersion test, comet assay,
and Terminal Deoxynucleotidyl Transferase dUTP Nick End
Labelling (TUNEL).?® The distinct mechanisms underlying
these methods contribute to variations in findings. Even within
the same detection technique, differences in threshold values
and laboratory practices can lead to inconsistent results.
Furthermore, many previous studies had relatively small
sample sizes, increasing the likelihood of statistical errors.?'?
In this study, we measured sperm DFI using the TUNEL
assay, a widely used clinical approach. We analyzed the
predictive value of DFI for pregnancy outcomes in 180 ART
procedures (intrauterine insemination [IUI] and IVF) at our
medical center, categorizing the DFI levels as <20 for normal
and >20 for abnormal. Furthermore, we investigated the
impact of sperm DFI on both positive and negative outcomes
in IVF/ICSL

MATERIALS AND METHODS

Study design

The study included 180 male participants from infertile couples
undergoing infertility investigations. Subjects were recruited
between November 2023 and November 2024. Comprehensive
demographic information, including age, lifestyle habits, type of
infertility, and prior medical records, was collected for all subjects.
This study was conducted in accordance with the Declaration
of Helsinki and approved by the University/Institutional Ethics
Committee (ethical authorization number: KAHER/EC/22-23
dated July 27, 2022). Informed consent was obtained from each
participant in this study. Inclusion criteria: Males aged 21 years or
older attending a fertility clinic who provided informed consent.
Only subjects with male infertility-related issues. Exclusion
criteria: Males with infertility attributed to female factors,
azoospermia, anatomical abnormalities, endocrine disorders,
genetic conditions, genitourinary infections, malignancies,
chronic illnesses, or a history of vasectomy or varicocele surgery
were excluded.

Semen analysis

Semen samples were collected via masturbation into
sterile containers with the sexual abstinence of 2—7 days and
allowed to liquefy at room temperature for at least 30 min
before analysis. Semen evaluation followed the World Health
Organization (WHO) 6" edition criteria (2021), assessing
standard parameters including pH, semen volume (mL),
total sperm count (per ejaculate), concentration (per mL),
total and progressive motility (%), vitality (%), and normal
morphology (%). Sperm count and motility were measured
using a Makler counting chamber with computer-assisted
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Figure 1: (A) Evaluation of sperm morphology using diff quick standing, an image representing altered semen morphology with head, mid-piece, and tail defects
using a light microscope through a x 40 objective, (B) Flow cytometry gating strategy for positive sample, (a) Forward scatter - area versus side scatter - area (FSC-A
vs. SSC-A): Scatter plot showing sperm distribution; red dots indicate fragmented sperm, (b) PI PE-A versus PI PE-H: Singlet gating (40.39%), lower than
the negative control, indicating increased fragmentation, (c) PI versus dUTP-FITC-A: Higher SDF in P1 (97.98%) and P2 (48.44%) compared to the negative
control, (d) PI histogram: Increased fluorescence suggests more Pl-positive sperm, (¢) TUNEL assay histogram: Elevated dUTP FITC-A fluorescence (52.76%)
confirms higher sperm DNA fragmentation, (C) Flow cytometry gating strategy for negative sample, (a) FSC-A versus SSC-A: Sperm size (FSC-A) versus
granularity (SSC-A); blue dots indicate sperm events, (b) PI PE-A versus PI PE-H: Singlet gating (68.85%) to exclude doublets and debris, (c) PI versus
dUTP-FITC-A: SDF analysis showing P1 (96.60%) and P2 (84.23%) populations, (d) PI Histogram: PI fluorescence distribution of sperm. (¢) TUNEL Assay
Histogram: Minimal dUTP FITC-A fluorescence, indicating low DNA fragmentation, which indicates a negative sample. P1: Propidium Iodide, FITC: Fluorescein

Isothiocyanate, DFI: DNA Fragmentation Index
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semen analysis for accurate and reproducible results. Semen
smears were air-dried, stained with Diff-Quik stain, and
examined microscopically. Spermatozoa were classified as
normal if no defects were present in the head, neck/midpiece,
or tail [Figure 1A]. Based on semen analysis, participants
were divided into normal and altered semen parameters.”
Both groups were subsequently assessed for SDF, and based
on both semen parameters and DFI, patients were selected for
ART treatment.

Swim-up

The direct swim-up technique, without centrifugation, was
employed for sperm preparation. Semen samples were carefully
layered beneath PureSperm wash solution and incubated for
1 h at 37°C with 5% CO,. Following incubation, the samples
were fixed in 1% paraformaldehyde (1-2 x 10° cells/mL) in
phosphate-buffered saline (PBS) (pH 7.4). Incubated on ice for
30-60 min, and centrifuged. After washing twice with PBS,
the cell pellet was resuspended in 70% ice-cold ethanol and
stored at —20°C. SDF was analyzed in all 180 test subjects
using the benchtop flow cytometer.>

Sperm DNA fragmentation analysis

The terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling (TUNEL) assay is a sensitive method
initially developed for detecting DNA damage in somatic cells
and later adapted for spermatozoa. It uses the TdT enzyme to
catalyze the addition of fluoresceinated-dUTP at the 3’-OH
ends of DNA fragments. In this study, SDF was analyzed
using the TUNEL assay (BD Pharmingen™ APO-DIRECT™
Kit).

Part A: Control and test cells were centrifuged to remove
ethanol, washed twice with Wash Buffer, and resuspended
in 50 uL of DNA Labeling Solution. Cells were incubated
for 60 min at 37°C (or overnight at RT for controls). After
rinsing twice with rinse buffer, the pellet was resuspended in
propidium iodide (PI)/RNase staining buffer (PI: Propidium
Iodide) and incubated in the dark for 30 min before flow
cytometry analysis. Part B: Flow cytometry, (Dxflex
Beckman Coulter with Cytexpert software, Brea, California,
USA) using a 488 nm Argon laser, employed PI (623 nm)
for total DNA and FITC-dUTP (520 nm) for apoptotic
cells. Dual-parameter displays gated nonclumped cells and
resolved apoptotic cells, identifying their cell cycle stages.
Apoptotic cells (P2 gate) showed increased FITC (Fluorescein
Isothiocyanate) fluorescence, with most cells in the S-G2
phases as confirmed by PI staining. The DFI threshold value
was obtained (by our choice through review) by 20% to
divide patients into two groups: Group A (DFI <20%) and
Group B (DFI >20%) [Figure 1B and C].%
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Assisted reproductive technology treatment plan

The subjects were divided according to the ART procedure
suggested by the clinician after thoroughly investigating
the semen analysis and SDF reports. Out of 180 subjects,
59 (32.8) were taken for IVF, and 121 (67.2%) were
considered for TUI.

Oocyte fertilization and embryo culture and
transfer

For IVF fertilization, 59 subjects underwent pretreatment
where fresh semen was processed using density gradient
centrifugation (DGC) with sperm-grade 40% and 80%
solutions. The sperm swim-up technique was then applied to
achieve a final sperm density of 1 x 10%mL. The processed
sperm were either cultured with oocytes in the standard IVF
procedure or, following DGC, sperm with good morphology
and viability were selected under a microscope and directly
injected into the egg cytoplasm. Pronuclei of the oocytes
were assessed 16—18 h postinjection to evaluate fertilization
success. The normal fertilization (NF) rate was calculated as
the number of double pronuclear embryos (2PN) divided by
the number of metaphase II (MII) eggs (NF rate = a number
of 2PN embryos/number of MII eggs). Fertilized embryos
were cultured until day 3 (D3), and their development was
monitored. Good-quality embryos on D3 or blastocysts on
day 5 were selected for transfer, with progesterone support
provided to the patient. The high-quality embryo rate was
defined as the proportion of 2PN embryos cleaving to Grade I
or ITbased on the Peter scoring system by D3. The good-quality
embryo rate was determined as the proportion of Grade I or II
embryos at the 8-cell stage relative to the total number of 2PN
embryos.?%

Intrauterine insemination

IUI is typically performed for couples with unexplained
infertility, where standard investigations, including ovulation
tests, tubal patency, and semen analysis. In this study, the TUI
procedure was conducted on 121 subjects based on semen
parameters, DFI, absence of female fertility issues, or patient
preference. Ovulation was induced using clomiphene citrate,
and once 1-2 follicles reached 17 mm in diameter, 10,000 IU
of human chorionic gonadotropin (hCG) was administered.
Thirty-six hours postinjection, fresh semen was collected
and processed using DGC with sperm-grade 40% and 80%
solutions. A 1 mL treated sperm suspension was then injected
into the uterine cavity. After 16 days, serum B-hCG levels
were measured to confirm pregnancy (>50 mIU/mL). Positive
cases were followed by an ultrasound at 7 weeks to confirm
clinical pregnancy.?
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Evaluation of pregnancy outcome

Evaluation of pregnancy outcome Serum [B-hCG levels
were measured 14 daysafterembryo transfer, and biochemical
pregnancy was confirmed by hCG levels >50 mIU/mL.
Clinical pregnancy was confirmed by intrauterine pregnancy
with a normal fetal heart rate seen on ultrasound 7 weeks
after embryo transfer. Loss of the fetus within 12 weeks of
pregnancy was classified as an early abortion.

Statistical analysis

Statistical analysis was performed using SPSS 20 Software.
Data from each group are expressed as the mean + standard
deviation. A comparative study between the two groups of interest
was performed using the Student’s #-test. Correlations between
SDF and semen parameters were analyzed using Pearson’s
correlation coefficient. Statistical significance was defined as
P < 0.05. Correlation analysis was performed using bivariate
Pearson analysis, while categorical variables (smoking and alcohol
consumption) were analyzed using a Spearman correlation.

RESULTS

In this study, the subjects were divided after a thorough
investigation of semen parameters into normal and altered
categories as given in Table 1.

Comparison of normal and altered semen
parameters in 180 subjects

The two groups were compared to determine the relationship

Table 1: Total diagnostic review of semen parameters

Total diagnostic review

Semen parameters Total number of subjects (1) Valid (%)

Normal 109 60.6
Altered 71 39.4
Total 180 100.0

between normal and altered semen parameters. Table 2 shows
the semen parameters, which include abstinence days, volume,
concentration, motility, morphology, and other variables.
There was a significant correlation between abstinence, sperm
count, total sperm number, total motility, and morphology in
the normal and altered groups, with P values of 0.046 and
0.001, respectively, which were P < 0.05%*.

Subjects age-wise distribution of assisted
reproductive technology procedure

Male age was also considered an important factor before
selecting the state-of-the-art procedures. IUI and IVF have
similar age distributions but slight variations in percentages.
The majority of individuals undergoing both IUI and IVF are
between 31 and 40 years old, i.e., 72 and 35, respectively. The
percentage of older individuals (41-50 years) seeking IVF is
slightly higher than that of those seeking IUIL. The number of
individuals seeking these treatments decreases significantly in
the 51-60-year age range [Table 3].

Distribution of fertility type

Table 4 shows the distribution of primary and secondary
infertility cases among patients undergoing IUI and IVF.
Primary infertility was more common overall, with a higher
proportion in both IUI and IVF groups.

Association of lifestyle habits with DNA
fragmentation (180)

Table 5 shows that individuals with multiple habits
have the highest percentage (35.6%) of SDF, followed by
smoking (34.5%) and tobacco (16.1%). In contrast, individuals
with no habits have the lowest percentage (9.2%) of SDF. The
P < 0.05 signifies that the association between habits and SDF
is statistically significant. Certain habits, especially multiple
habits, smoking, and tobacco use, are connected with an
increased risk of SDF. The statistical analysis confirms that
this association is significant.

Table 2: Comparison of semen parameters in subjects with normal versus altered diagnostic reviews

Semen parameters tested

Diagnostics review

Normal (n=109), mean+SD Altered (n=71), mean+SD MD P

Abstinence days 3.46+1.29 4.03£1.51 0.57 0.007*
Volume (mL) 2.29+0.85 2.23+1.05 —-0.06 0.685
Sperm concentration (m/mL) 100.47+51.71 31.94+40.94 —68.53 0.001*
Total sperm number (m/mL) 220.53+143.92 66.63+88.35 —153.91 0.001*
Total motility (%) 78.04+13.81 48.79+19.21 —29.25 0.001*
Progressive motility (%) 89.44+333.09 95.69+544.29 6.25 0.92

Total morphology >4% 6.28+2.52 3.86+2.64 —2.42 0.001*

*P<0.05 Values are presented as numbers only or mean+SD. SD=Standard deviation; MD=Mean difference
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Table 3: Age distribution among patients undergoing
intrauterine insemination and in vitro fertilization
procedures

Age Procedure

distribution UL n (%) IVF, n (%)
21-30 30 (24.8) 12 (20.3)
31-40 72 (59.5) 35 (59.3)
41-50 18 (14.9) 11 (18.6)
51-60 1(0.8) LA

IUI=Intrauterine insemination; IVF=In vitro fertilization

Table 4: Distribution of fertility type among assisted
reproductive technology procedures

Type of ART procedure

fertility UL 7 (%) IVE, n (%) Total, 7 (%)
Primary 82 (67.8) 35 (59.3) 117 (65)
Secondary 39 (32.2) 24 (40.7) 63 (35)

IUI=Intrauterine insemination; IVF=In vitro fertilization; ART=Assisted
reproductive technology

Table 5: Association between lifestyle habits and sperm
DNA fragmentation

Habits Sperm DNA fragmentation Va P
>20 <20 Total

None 8(9.2) 52 (55.9) 60 (33.3) 65.84 0.0001*

Alcohol 4 (4.6) 909.7) 13 (7.2)

Smoking 30 (34.5) 25 (26.9) 55 (30.6)

Tobacco 14 (16.1) 6 (6.5) 20 (11.1)

Multiple 31 (35.6) 1(1.1) 32 (17.8)

*P<0.05 The categorical variables were represented by observational
numbers and percentages

Association between diagnostic review and sperm
DNA fragmentation

Table 6, we analyzed the seminal parameters and SDF
of normal and altered subjects. Among 180 individuals,
41 (36.6%) had DNA fragmentation in normal semen
analysis, while 46 (64.4%) had DNA fragmentation in
altered semen. SDF was significantly correlated to semen
parameters (P = 0.05%).

In vitro fertilization

Table 7, 59 subjects underwent IVF procedures in which
semen parameters and SDF were assessed in males, and
healthy female conditions were taken into consideration.
Normal-appearing semen parameters (36) had a lesser
fragmentation of 41.6%, and the altered semen parameters (23)
had a higher fragmentation of 60.8%.
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Table 6: Association between diagnostic review and sperm
DNA fragmentation

Diagnostic DNA fragmentation Va P
review Yes No Total

Normal 41 (36.6) 68 (62.4) 109 (60.6)  12.7  0.0001*
Altered 46 (64.8) 25 (35.2) 71 (39.4)

Total 87 93 180

*P<0.05 the categorical variables were represented by observational
numbers and percentages

Table 7: Association between diagnostic review and sperm
DNA fragmentation in in vitro fertilization patients

Art procedure (IVF n=59)

Diagnostic Total Sperm DNA fragmentation
review =20 20
Normal 36 (61) 15 (41.6) 21 (58.3)
Altered 23 (39) 14 (60.8) 9 (39.1)
Total 59 29 (49.2) 30 (50.8)

The categorical variables were represented by observational numbers and
percentages

Table 8: Correlation of DNA fragmentation and pregnancy
outcome in assisted reproductive technology (in vitro
fertilization)

Diagnostic ~ Sperm DNA Outcome Ve P

review fragmentation Negative Positive  Total
(%)

Normal <20 9 (40.9) 12 (85.7) 21 (58.3) 7.066 0.008*
>20 13 (39.1) 2 (14.3) 15 (41.7)

Altered <20 5(31.3) 4(57.1) 9(39.1) 1.371 0.005*
>20 11 (68.8) 3 (42.9) 14 (60.9)

*P<0.05 The categorical variables were represented by observational
numbers and percentages

Effects of sperm DNA fragmentation on pregnancy
outcome by in vitro fertilization

The study compared normal and altered sperm parameters,
including DNA fragmentation, and their impact on pregnancy
outcomes [Table 8]. Among men with normal semen parameters,
15 (41.7%) had SDF, resulting in a 14.3% positive pregnancy
outcome and 59.1% negative outcome. In contrast, 21 (58.3%)
had normal semen parameters without DNA fragmentation,
showing a significantly higher positive pregnancy outcome of
85.7% and a lower negative outcome of 40.9% (P = 0.008%).
For men with altered semen parameters (23), 14 (60.9%) had
SDF, leading to a 42.9% positive pregnancy outcome and 68.8%
negative outcome. Meanwhile, 9 (39.1%) had altered semen
parameters without DNA fragmentation, with a higher positive
pregnancy outcome of 57.1% and a lower negative outcome
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of 31.3% (P = 0.05%). These findings suggest a significant
correlation between SDF and pregnancy success rates.

Intrauterine insemination

One hundred and twenty-one subjects underwent intrauterine
procedures in which semen parameters and SDF were examined
in males. Normal-appearing semen samples were higher in this
procedure compared to altered ones. DNA fragmentation is
observed higher in altered semen parameters, i.e., 66.6%, than
in the normal semen parameters, i.e., 35.6% [Table 9].

Effects of sperm DNA fragmentation on pregnancy
outcome in intrauterine insemination

Normal-appearing semen parameters had SDF in 26 (35.6) %
of subjects, whereas altered semen parameters had 32 (66.7%)
of SDF as shown in Table 10. Of 73 normal individuals, 15 had
a positive pregnancy without DNA fragmentation, while had a
positive pregnancy with fragmentation. Of 48 altered individuals,
5 had positive pregnancy outcomes without DNA fragmentation,
while 4 had positive outcomes with DNA fragmentation.
Negative pregnancy outcomes were comparatively higher in
altered semen parameters with SDF than the normal ones.

DISCUSSION

Infertility has become a significant global health concern,
influenced by societal pressures, psychological stress, and

Table 9: Subjects with semen parameters and sperm DNA
fragmentation intrauterine insemination

Art procedure (IUI n=121)

Diagnostic n (%) Sperm DNA fragmentation
review 0 0
Normal 73 (60.3) 26 (35.6) 47 (64.3)
Altered 48 (39.7) 32 (66.6) 16 (33.3)
Total 121 58 (47.9) 63 (52.1)

The categorical variables were represented by observational numbers and
percentages. [UI=Intrauterine insemination

Table 10: Effects of sperm DNA fragmentation on
pregnancy outcome in intrauterine insemination

Diagnostic ~ Sperm DNA Outcome (IUT) Chi- P
Review fragmoentation Negative Positive  Total Square

(%) N (%) N(%) N (%)
Normal <20 32 (62.7) 15 (68.2) 47 (64.4)

20 19 (37.3) 7 (31.8) 26 (35.6) >>°8 0108
Altered <20 11 (282) 5(55.6) 16 (33.3)

=20 28 (71.8) 4 (44.4) 32 (66.7) 246 0117

IUI = Intrauterine insemination
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delayed parenthood. Advances in ART have improved treatment
options, yet male infertility assessment remains largely
dependent on conventional semen analysis based on WHO
guidelines. Emerging evidence highlights the significance
of SDF as a molecular biomarker complementing traditional
semen parameters. Elevated SDF levels are associated with
impaired sperm quality and poor ART outcomes; however,
its definitive role in fertility remains under investigation.’®3!
This study utilized the WHO 6" edition guidelines for semen
analysis and the TUNEL assay with flow cytometry to evaluate
SDF. The association between semen parameters, SDF, and
fertility outcomes was assessed, alongside the impact of
lifestyle factors and age on sperm DNA integrity.

Our findings revealed significant variations in semen
parameters between normal and altered diagnostic profiles,
with the latter group exhibiting reduced sperm concentration,
total count, motility, and morphology. Consistent with prior
studies, sperm concentration was significantly lower in
the altered group (31.94 M/mL) compared to the normal
group (100.47 M/mL) (P = 0.001), reaffirming its strong
correlation with reproductive potential.*> Similarly, total
motility was significantly reduced in the altered group (48.79%
vs. 78.04%, P = 0.001), supporting prior research that links
motility to fertilization success.’> Sperm morphology also
showed a notable decline in the altered group (—2.42% mean
difference), emphasizing its role in male fertility assessments.**

Lifestyle factors such as smoking, alcohol consumption, and
tobacco use were significantly associated with increased SDF (2
=65.84, P<0.0001). Individuals without these risk factors had a
higher prevalence of low SDF (<20%), whereas those engaging
in multiple risk behaviors exhibited the highest proportion of
high SDF (>20%). These findings align with previous studies
indicating that smoking and excessive alcohol consumption induce
oxidative stress, leading to sperm DNA damage and reduced
fertilization potential.®> Tobacco exposure was particularly
associated with increased SDF, corroborating research linking
tobacco use to DNA strand breaks and chromatin abnormalities.*
Additionally, advancing paternal age was identified as a critical
factor influencing ART outcomes, reinforcing the necessity of
considering age in infertility evaluations.’’

A significant association was observed between SDF and
altered semen parameters, with 64.8% of individuals in the
altered group exhibiting high SDF compared to 36.6% in the
normal group ()* = 12.7, P = 0.0001). Prior meta-analyses
have reported that elevated SDF negatively impacts
fertilization, embryo development, and pregnancy rates in
ART, supporting our findings that increased SDF correlates
with poor reproductive outcomes.**

Our analysis of ART outcomes further emphasized the
impact of SDF onreproductive success. In IVF, individuals with



normal semen parameters and low SDF (<20%) demonstrated
significantly higher pregnancy success rates (85.7%) compared
to those with high SDF (>20%) (14.3%). Conversely, within
the altered diagnostic group, high SDF was linked to lower
pregnancy success (42.9%) and a higher proportion of negative
outcomes (68.8%) [Table 8].

In IUI, participants with normal semen profiles and low SDF
exhibited higher pregnancy success (68.2%) compared to those
with high SDF (31.8%). However, in the altered diagnostic
group, pregnancy success rates were lower for individuals with
high SDF (44.4%) compared to those with low SDF (55.6%).
Despite these trends, the Chi-square analysis (y* = 2.588,
P = 0.108) suggests that the association between SDF and
IUT success did not reach statistical significance [Table 10],
similar studies conducted stated that SDF might provide more
insight into the male reproductive potential and in predicting
IUI outcome. However, it fails to do so as an independent
predictor.** Our study used an SDF threshold of 20% and
demonstrated that elevated SDF negatively impacted IVF and
IUI success rates, though statistical significance was reached
only in IVF. A similar study used a lower SDF threshold of
15% and concluded that IVF-only was the most effective ART
modality for women <40 years with SDF <15%. For those with
SDF >15%, an IVF-ICSI split cycle showed higher blastocyst
and high-quality blastocyst rates, but no significant differences
were observed between IVF and ICSL#

CONCLUSION

This study underscores the critical role of SDF as a
molecular biomarker in male infertility assessment and its
significant impact on ART outcomes. Our findings highlight
a strong association between altered semen parameters and
elevated SDF, emphasizing the importance of sperm DNA
integrity in reproductive success. Individuals with normal
semen profiles and low SDF exhibited significantly higher
pregnancy success rates in [IVF, whereas those with high SDF
demonstrated poorer outcomes. While a similar trend was
observed in IUI, the association between SDF and IUI success
was not statistically significant.

Furthermore, lifestyle factors such as smoking, alcohol
consumption, and tobacco use were strongly correlated with
increased SDF, reinforcing their detrimental effects on sperm
quality. Advancing paternal age was also identified as a key
factor influencing fertility potential and ART outcomes. These
findings align with existing research, supporting the integration
of SDF analysis into routine male infertility diagnostics
alongside conventional semen parameters.

Given the growing evidence linking SDF to fertilization,
embryo development, and pregnancy success, incorporating

Saniya Imtiyaz Chamanmalik, et al.

SDF testing into ART protocols may enhance patient
management and improve clinical outcomes. Future studies
with larger cohorts and extended follow-up periods are
necessary to further validate the prognostic significance of
SDF and enhance its clinical utility in reproductive medicine.

Study limitations

» The sample size, particularly for the IUI subgroup, was
limited and may affect the statistical power of the findings

» The DFI threshold of 20% was selected based on established
literature and was validated through ROC curve analysis;
however, the ROC data were not included in this manuscript
and will be presented in detail in future research

* Detailed female partner data, such as age and ovarian
reserve, were not included, which may influence ART
outcomes.
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