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ABSTRACT

Paternal age and sperm DNA fragmentation index (DFI) have become significant determinants of male infertility and assisted reproductive
technology (ART) success rate. This article aims to establish the relationship between increased DFI and advanced paternal age and the
developmental potential of embryos where intracytoplasmic sperm injection (ICSI) has been used. Sperm DNA integrity was measured on 150
participants aged 25-55 using the sperm chromatin dispersion (SCD) assay; DFI levels were further classified into subclinical, transition, and
clinical abnormality ranges. Analysis of the findings showed a positive relationship between the age of the father and DFI (r=0.475, p < 0.001),
and older men had notably higher scores of DFI. In turn, DFl at the alternative level was negatively correlated with fertilization rates (r=—-0.416,
p <0.001) and the quality of embryos on days 1 and 3 after ICSI. The results outlined the role of sperm DNA fragmentation when it comes to the
success rate of ART, especially for patients of advanced age. Clinical relevance focuses on DFI testing and individual treatments that improve
sperm selection [intracytoplasmic morphologically selected sperm injection (IMSI), physiological intracytoplasmic sperm injection (PICSI)]
and antioxidants due to age-associated oxidative damage. In this way, the study solves the research gap on the connection between paternal
age, DFI, and ART success, which can help improve reproductive satisfaction and patient education on potential risks associated with delayed
fatherhood. Subsequent studies must confirm the results and investigate new approaches to enhance ART outcomes in males with high DFI.
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INTRODUCTION

Infertility is a problem that affects almost one in eight couples
around the world. Half of infertility cases are due to male infertility,
and sperm quality is a significant determinant of successful
conception.! While other forms of male infertility management
have declined as the primary options in dealing with male infertility,
intracytoplasmic sperm injection (ICSI) has enabled couples with
male factor infertility to conceive.? However, despite advances
in assisted reproductive technology (ART), success rates remain
uncertain, and many factors affect outcomes. More and more, this
is being recognized as an essential factor in male fertility, with
research suggesting that sperm quality and fertilization capacity
decrease as men age. One of the significant biomarkers of sperm
quality is the DNA fragmentation index (DFI), which measures the
extent of sperm DNA damage. High levels of DFI are associated
with reduced fertility, decreased sperm motility, and decreased
embryo development.? This study focuses on determining the
role of paternal age in affecting DFl and ICSI outcomes. Therefore,
we hypothesize that advanced paternal age is associated with
increased sperm DNA fragmentation, negatively impacting
fertilization rates and embryonic quality in ICSI.

Introduction to Paternal Age and Male Infertility

The association of advanced paternal age with male infertility and
the use of ART, especially ICSI, has instead become a key interest
in current reproductive health care. Several research studies have
revealed an increase in paternal age resulting from aspects such as
delayed age of marriage and career advancement worldwide, which
has increased the need for ART solutions.* Nearly half of infertility
cases are caused by male infertility, especially low sperm quality,
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which makes it critically important for the development of such
ART as ICSI.> Nevertheless, doubts remain high as a consequence
of ICSI for male infertility, eliminating natural sperm selection and
propensity to transfer genetic disorders.

As well indicated in previous studies, the increase in paternal
age is associated with poor quality sperms, less motility, and
abnormal morphology, topped by reduced DNA integrity, which
tends to have negative impacts on ART.” DNA fragmentation index,
a factor directly related to age, may alter the subsequent embryo
quality and the implantation rate.® This review discusses the
relationship between paternal age, DFI, and the capacity to predict
embryo development in the context of ICSI to help practitioners
and offer insight into further study.
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DNA Fragmentation Index

Sperm DFl is a sensitive and accurate marker of sperm quality that
can explain sperm DNA and its fragility.> The possible causes of
sperm DNA fragmentation include oxidative stress, impaired DNA
repair mechanisms during spermatogenesis, and apoptosis.>'°
Sperm DFl is assessed through tests like the sperm chromatin
dispersion (SCD) test and sperm chromatin structure assay (SCSA)
to know the degree to which sperm DNA quality impacts fertility
in men.

Higher DFI has also been linked with poor sperm motility,
morphology, and fertilization, which influences embryo
development and clinical ICSI pregnancy rates."" Similarly, Esteves
et al. identified oxidative stress as an essential factor that directly
causes DNA damage and subsequent chromatin alteration in
sperms, as well as poor outcomes of ART."? Liu et al. similarly found
low DFI values with sperm survival rates and motility velocity, also
endorsing the use of DFI in the diagnosis.'>

Impact of Advanced Paternal Age on DFI

Studies prove that higher paternal age raises the levels of sperm
DFl, one of the prominent markers of male infertility. Sharma et al.
noted that increased DFl is caused by advanced paternal age due
to decreased DNA repair mechanisms and increased oxidative
stress.” Their study stressed that DNA fragmentation increases
dramatically in men above 40 years, indicating lower sperm quality
and unfavorable fertility results.

Oxidative stress has been highlighted as the central determinant
of age-related sperm DNA damage. Nguyen-Powanda and Robaire
confirmed that the antioxidant defense capacity declines with age,
whereas the level of ROS increases and contributes to DNA damage
in sperms.’® This study also established that increased oxidative
stress is associated with reduced sperm chromatin functionality
and increased apoptosis. Likewise, Bibov et al. highlighted that
randomized oxidative stress is another primary factor leading to
DFl increases in aging males, affecting spermatogenesis.'®

Moskovtsev et al. directly measured this trend, doubling DFI
from 15.2% in men younger than 30-32% in men older than 45.'
Sharma et al. supported these findings, observing that DFI has
significantly enhanced for 36- to 57-year-old male participants
compared to young male participants.” In addition, Kaltsas
et al. determined that increased levels of DFI hurt the level and
implantation rate of embryos in ART.* Taken together, the above
works highlight the importance of counseling the male aging
population on the reproductive effects of an elevated DFI, with
a special focus on practical strategies for managing oxidative
damage to sperm.

Consequences of Elevated DFI for ART Outcomes

High DFI hurts ART outcomes. Bibov et al. observed that any level
of DFI >30% dramatically diminishes the quality of embryos at day
3 and blastocyst development rates and elevates miscarriage rates
in cases with no male factor infertility.” Along the same line, Wang
et al. realized that relying on cycles with high DFI yielded a low
number of good quality embryos and live birth rates, supporting
the role of DFlin estimating the prognosis of ART." InICSI, Zhu et al.
observed that low and high DFl have adverse impacts on delivering
fresh or frozen embryos but have varying effects on fertilization
and miscarriage rates.'® In line with this, Li et al. described higher
miscarriage rates and reduced birth weight in infant subjects by
DFI >30%, indicating dangers to offspring health.'

Some of the measures used to prevent or lessen the extent of DFI
are improved methods of sperm selection. Esteves et al. described
Testi-ICSl as highly effective with better live birth outcomes, where
DFI was found to be higher in testicular sperm than in ejaculate
sperm.'? Some methods, such as intracytoplasmic morphologically
selected sperm injection (IMSI) and physiological intracytoplasmic
sperm injection (PICSI), are also used to distance superior-quality
sperm with intact DNA.2%' However, their efficiency is still in a state
of controversy. Moreover, many techniques, like the ejaculation
issue and density gradient centrifugation, can successfully lower
DFI levels.?? Altogether, these data stress the importance of
personalized strategy in ART for those patients with elevated DFlI,
using enhanced diagnostic and specific sperm selection, leading
to better fertilization, embryo quality, and outcomes.

MEeTHODS

Study Design

This study conducted a retrospective cohort analysis for 2024 in
two fertility centers in Jakarta and Tangerang City, Indonesia. The
ethical clearance number for the study was KET-405/UN2.F1/ETIK/
PPM.00.02/2025 with protocol number 25-01-0119 from Universitas
Indonesia. This study involved 150 male patients with male factor
infertility who were undergoing the treatment of ICSI. All male
patients enrolled in this study were ICSI candidates aged 25-55
years and diagnosed with infertility factors such as oligozoospermia,
asthenozoospermia, or teratozoospermia. Male partners provided
sperm samples through masturbation by avoiding sexual contact
for 2-7 days prior to sample provision. According to the proposed
criteria, persons who met these conditions were considered for
inclusion in the study. Nevertheless, subjects with azoospermia
or severe oligospermia of sperm concentration <1 million sperm/
mL were excluded from this study. Moreover, cases with surgically
retrieved sperm or frozen sperm cycles were not included so that
comparability in evaluating sperm quality could be maintained.
Any participant with incomplete records or data was excluded to
avoid skewing the study findings.

The age of the father was determined at the time the couple
was undergoing the ICSl treatment process. This variable was then
used to form patient groups and compare their results according
to age. Then, the SCD test was performed to determine the extent
of sperm DNA fragmentation, which was considered poor. These
assessments defined the DFI or DFI to clarify how fragmented DNA
is. The development of embryos by ICSI was described on the first
and third days after fertilization. The embryos were classified into
three morphological classes based on these parameters: Good,
medium, and poorly developed. These categories helped set
up a trend of creating a link between the age of the father and
the DFI to embryonic outcomes. Such an approach enabled the
study to compare the success of ICSI to the other related aspects
of fatherhood, such as the density of the sperm DNA and age, to
establish a correlation between the two to increase the success
of ICSI.

The fertilization rate (%) denotes the percentage of oocytes
(eggs) that successfully achieve fertilization upon exposure to
sperm. This parameter is essential for evaluating the efficacy of
ART. The fertilization rate is determined by dividing the quantity
of fertilized oocytes by the total number of mature oocytes and
subsequently multiplying by 100%. A high fertilization rate signifies
superior sperm quality and ideal laboratory circumstances, whereas
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alow rate may indicate problems with sperm functionality, oocyte
quality, or culture conditions.

D1 embryo quality (%) quantifies the percentage of embryos
exhibiting normal fertilization and early cleavage on the first
day post-fertilization. This is assessed by the presence of
two pronuclei (2PN), indicating proper fertilization. Embryos
exhibiting an aberrant pronuclei count (e.g., 1PN or 3PN) may
possess chromosomal anomalies and are generally removed from
subsequent development or transfer.

D3 good quality (%) denotes the proportion of embryos
achieving an optimal cleavage stage with perfect morphology
on the third day following fertilization. High-quality embryos
demonstrate appropriate cellular division, little fragmentation,
and symmetrical blastomeres. These embryos possess the greatest
chance for successful implantation and gestation.

D3 intermediate quality (%) denotes embryos exhibiting
moderate traits for cell count, fragmentation, and symmetry on day
3. These embryos may possess modest abnormalities yet remain
viable for embryo transfer or cryopreservation. Although their
implantation potential is inferior to that of high-quality embryos,
they can still lead to healthy pregnancies.

D3 poor quality (%) refers to embryos exhibiting substantial
fragmentation, sluggish or irregular cleavage, or atypical
blastomere shape on day 3. These embryos exhibit a decreased
probability of implantation and successful gestation owing to
compromised development. In certain instances, they may continue
to be utilized in treatment cycles; nevertheless, their clinical
outcomes are typically inferior to those of higher-quality embryos.

Statistical Analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences software, version 20. Before comparison,
the Kolmogorov-Smirnov test was first performed for normality.
Then the Kruskal-Wallis test was used. Spearman’s rank correlation
coefficient was used to compare the relationship between paternal
age and DFI.2324 The effect of paternal age and DFI on fertilization
rates and embryo quality was analyzed using linear regression
equations. Statistical significance was accepted when the p-value
was < 0.05.

REesuLTs

One hundred fifty male patients participated in the study. The
paternal age of participants varied from 25 to 55 years, with a
mean = SD of 37.05 + 6.23 years. The DFl levels varied between
10 and 55%, with elevated DFI noted in older males. Paternal age
was classified into three unique categories: The subclinical group
(25-35 years), the transition group (ages 35-45), and the clinical
group (ages above 45). The subclinical group demonstrated the
lowest mean DFI levels, averaging 15% (with a range of 10%
to 25%), signifying better sperm DNA. In the transition group,
moderate DFI levels were observed, averaging 30% (25-40%).
The clinical group exhibited the highest DFI levels, averaging
40% (35-55%). The age distribution in Figure 1 exhibited a minor
bias towards older demographics, with a greater percentage of
participants in the 35-45 age bracket.

As can be seenin Figure 2, the levels of DFl showed a pattern of
gradual increase with increasing age. Individuals in the subclinical
group (25-35 years) typically exhibited lower DFI values (mean
~15%, range 10-25%), whereas those in the transition group (35-45
years) demonstrated moderate levels (mean ~30%, range 25-40%).
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Fig. 2: DNA fragmentation index distribution categorized by age-group

The clinical group (>45 years) exhibited the greatest DFI values
(mean ~40%, range 35-55%), with increased variability noted
within this age category. This indicates that the integrity of sperm
DNA deteriorates with age, potentially affecting reproductive
results (Fig. 2).

As can be seen in Figure 3, this figure provides a clearer
knowledge of the correlations between important semen
parameters, embryo quality, and DFI. All of these relationships were
determined using a series of correlation analyses. For the purpose
of visualizing these associations, scatter plots with trend lines were
utilized, and statistical correlations were computed in order to
evaluate the importance of these relationships (Fig. 3).

Age vs DFI

A weak positive correlation was observed (r = 0.475, p = <0.001),
suggesting that DFl tends to increase slightly with age. However, the
correlation is statistically significant, indicating that age alone does
not strongly predict sperm DNA fragmentation in this dataset. This
implies that other factors, such as lifestyle, genetic predisposition,
and environmental exposures, may contribute more significantly
to DFl levels.
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Correlation analysis
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Fig. 3: Higher percentages of DF| are associated with lower sperm motility percentages

DFI vs Fertilization Rate

A negative correlation (r = —-0.416, p < 0.001) was found, indicating
that higher DFI levels may affect the oocyte, and the effect is
statistically significant. This suggests that despite increased sperm
DNA damage, fertilization can still occur, likely due to compensatory
mechanisms in the oocyte that can repair damaged sperm DNA.
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DFl vs Day 1 (D1) Embryo Quality

A weak negative correlation (r = —0.391, p < 0.005) was observed
between DFl and embryo quality on day 1. This suggests that while
higher DFI may have a mild impact on early embryo development,
the effect is strong enough to be considered a major determinant
of embryo quality at this stage.
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Table 1: Correlation between paternal age, DFI, and ICSI outcomes

Parameter Correlation (r) p-value
Paternal age and DFI +0.475 <0.001
DFl and fertilization rate -0.416 <0.001
DFl and D1 embryo quality —-0.391 <0.005
DFl and D3 embryo quality (good) -0.232 <0.005
DFl and D3 embryo quality (intermediate) -0.257 <0.005
DFl and D3 embryo quality (poor) -0.287 <0.005

DFl vs Day 3 (D3) Good Embryo Quality

A moderate negative correlation (r = —0.232, p = <0.005) was
identified, indicating that higher DFI levels are significantly
associated with a lower percentage of good quality embryos on
day 3. This suggests that sperm DNA fragmentation plays a more
critical role in later stages of embryo development, likely due to
the activation of the paternal genome, which starts influencing
embryonic growth after fertilization.

DFl vs Day 3 (D3) Intermediate Embryo Quality
A weak negative correlation (r = —0.257 p = <0.005) was found,
meaning that DFI significantly influence the proportion of
embryos classified as intermediate quality. This suggests that
while some embryos with moderate DFI may show some degree
of developmental delay, the overall impact is substantial.

DFI vs Day 3 (D3) Poor Embryo Quality

A weak negative correlation (r=—0.287, p = <0.005) was observed,
indicating that DFI levels may contribute to poor-quality embryos;
the effect is statistically significant in this dataset. This suggests
that, despite of sperm DNA fragmentation, oocyte quality and
embryo culture conditions may play a larger role in determining
poor embryo outcomes.

Key Findings

- DNAfragmentation index has a statistically significant negative
correlation with day 3 good embryo quality (p =0.006), meaning
that higher DNA fragmentation is linked to a lower proportion
of good quality embryos on day 3.

« Age strongly predict DFI (p = <0.001), suggesting that sperm
DNA fragmentation is influenced by paternal age.

- Correlations were found between DFI and fertilization rate
or other embryo quality metrics, indicating that sperm DNA
integrity plays a role, but other embryological and maternal
factors may influence embryo development and implantation
success.

Table 1indicates a substantial positive association between paternal
age and the DFI, with a correlation coefficient of r = 0.475 and
p < 0.001. This suggests that with advancing paternal age, there
is a significant increase in sperm DNA fragmentation, indicating a
deterioration of sperm DNA integrity with time.

Elevated DFl levels adversely affected ICSI outcomes. A notable
negative connection was seen between DFI and fertilization rates
(r=-0.416, p < 0.001), indicating diminished fertilization success
with heightened DNA fragmentation. Moreover, embryo quality
on both day 1 (D1) and day 3 (D3) exhibited substantial negative
relationships with DFI. The correlation for D1 embryo quality was
r=-0.391 (p < 0.005), but D3 embryo quality exhibited negative

correlations across good (r=—-0.232), intermediate (r=—0.257), and
poor (r = —0.287) categories, all with p-value < 0.005.

Discussion

The findings of this study confirm a significant positive correlation
between paternal age and the DFI, corroborating previous
research emphasizing the decline in sperm quality with advancing
paternal age. Specifically, older men exhibited higher DFI levels,
with the clinical group (ages above 45) showing the highest DNA
fragmentation. This aligns with Sharma et al. and Nguyen-Powanda
and Robaire, who attributed such increases to diminished DNA
repair mechanisms and heightened oxidative stress in aging
spermatozoa.”™ These biological processes not only undermine
sperm chromatin integrity but also elevate risks to embryonic
viability.

Figure 2 shows that increased DFl was observed in fertilization
rates and embryo quality. The study resonates with Bibov et al.and
Sharma et al., who pointed towards reduced embryo development
as well as high miscarriage rates brought about by high DFI.”'* This
decline in embryo quality on days 1 and 3 indicates that sperm DNA
integrity is paramount in embryonic development. These results
suggest that DFI is a valid biomarker to gauge the chances of ART
success within older male populations.

From the mechanical point of view, it is evident that oxidative
stress has a causal connection with sperm DNA damage. Other
authors like Nguyen-Powanda and Robaire illustrated that aging
weakens the antioxidant protection system, hence generating an
increased amount of ROS that, in turn, increases DNA damage.'
This concurs with the current study, where DFI was higher in the
participants of higher age. Additionally, the reduction in DNA repair
capacity in aging sperm cells, as highlighted by Bibov et al., creates
the rationale for these trends observed in statistics.”” Wang et al.
also found that cycles with high DFl yielded a low number of good
quality embryos and live birth rates, supporting the role of DFl in
estimating the prognosis of ART.”

Clinical Implications

Since father age and DFI have such a strong relationship with ICSI
outcomes, clinicians must give heed to paternal age and sperm
DNA fragmentation in counseling couples for ART.2* Male subjects
in the clinical age-group more significant than 45 years should be
informed of risks associated with advanced paternal age, such as
increased DFl and lower efficacy of ART. The male subjects have
to be informed about miscarriage rates and low birth weight. Zhu
et al.found that low and high DFI have adverse impacts on delivering
fresh or frozen embryos, but give varying effects on fertilization and
miscarriage rates. Li et al. described higher miscarriage rates and
lower birth weight in infant subjects by DFI >30%."

There is an advantage in doing routine tests for sperm DNA
fragmentation since it may provide relevant information on sperm
quality as well as help in the appropriate management of male
fertility treatment.?> Sperm selection techniques, such as IMSI, for
older male clients may improve ART outcomes in older men.

Limitations of the Study

Although this study offers a valuable contribution to determining
the nature of the correlation between paternal age, DFI, and ICSI
results, many limitations need to be acknowledged to understand
the results adequately. While 150 participants are sufficient to
provide statistically meaningful results, the scope of generalization
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of the findings is limited. The extent to which respondents have
a diverse geographical background and a better socioeconomic
background would make the study more valid and applicable.?
Other factors that could significantly predict DFI and fertility—
lifestyle and environmental factors, including smoking, alcohol
consumption, obesity, and endocrine disruptors—were not
standardized or studied in this research. Using these variables in
subsequent studies might enhance understanding of the factors
relating to DFl and reproductive success.

A possible weakness of the study is that the data used are
derived from only two fertility facilities. Inaccuracies in repeated
experiments in different venues may arise from differences in
approach, personnel expertise, and environmental parameters
across laboratories and affiliated clinics.?” Therefore, the
retrospective format of the study limits its ability to show
causation to a great extent. Even though significant relations were
demonstrated, longitudinal studies are required to confirm the
causal relationships between paternal age, DFI, and ICSI results.

Also, this study did not consider the effects of several new
techniques in sperm selection, including IMSI or PICSI. These
approaches may help to reduce the impact of high DFl levels on ICSI
outcomes and suggest potential ways forimproving the treatment
outcomes in males with high DFI levels. Subsequent research to
overcome these limitations can provide a more comprehensive and
clinically relevant analysis of paternal factors about ICSI outcomes.

Novelty of the Study

This study provides several new findings in reproductive medicine
focusing on ART and male causes of infertility. This current research
is the first study in Indonesia exploring the link between increasing
paternal age and the DFI.This research fills the gap in understanding
the extent and nature of male fertility. It presents findings relevant to
the Indonesian population due to the unconditional adherence toa
region's sociodemographic and healthcare systems. These are critical
for the fine-tuning of fertility treatments and counseling around
the country. Secondly, the study used a distinctive method for age
stratification, categorizing paternal age into three specific groups:
Preclinical (25-35 years), early manifestation (35-45 years), and full
manifestation (>45 years). This stratification helps to differentiate
further how age affects sperm DNA damage and its consequent
effect on ICSI. The study identifies the age-specific risks and impacts
in the timetable of male reproductive health more accurately.

This research adopts a comprehensive analytical approach
by relating DFI levels to all the ICSI outcome measures, such as
fertilization rates and quality of embryos on D1 and D3. These
findings provide a strong foundation to examine the complex
association between paternal age, sperm DNA quality, and
ART effectiveness. Therefore, the results provide clear clinical
recommendations indicating the concrete values of paternal
age and DFI. These standards enable the doctor to provide the
patient with quicker information concerning their reproductive
features and the possibility of conception with the help of artificial
methods. This may be useful in clinical practice and may even
foster better results for the couples being treated for reproductive
problems.

CONCLUSION

This study found that the father’s age is positively related to DFI,
showing that advanced paternal age leads to high sperm DNA
fragmentation. Increased paternal age >45 has been associated

with high DFI levels, poor ICSI fertilization rates, and embryo
quality. Therefore, paternal age should be included in fertility
assessment along with DFI, which will eventually contribute to
improving ART efficiency and the couple’s guidance. Further
research has to be done to establish the potential strategies that
might be useful in reducing the impact of sperm DNA fragmentation
in aging males.
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