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Abstract 

Background Ensuring the integrity of sperm DNA is of paramount importance for the production of healthy 
offspring. The process of sperm formation involves intricate molecular adjustments that condense and safeguard its 
genetic material. However, the risk posed by sperm DNA fragmentation (SDF) can impede natural and assisted fertility 
and may arise from various testicular and post-testicular factors. While there are recommendations against routine 
SDF testing, recent research has sparked debate by demonstrating the positive impact of such testing on fertility 
outcomes.

Objective To identify the factors associated with SDF among infertile individuals.

Methods and materials The medical records of infertile men referred to our hospital were comprehensively 
reviewed and included in the study as they met the inclusion criteria. Patients dissatisfied with participation 
in the study or those with incomplete medical records were excluded. The association of SDF, sperm analysis, 
and demographic characteristics were evaluated for further investigation.

Results The average age of participants was 36.1 ± 8.1 years. The average semen volume was 2.5 ± 0.3 cc 
with a semen pH of 7.4 ± 0.2. The average sperm count was 10.9 ± 0.7 million, sperm motility was 36.9 ± 2.4%, and nor-
mal sperm morphology was 41.7 ± 2.7%. SDF levels below 15% were seen in 27.9%, between 15 and 30% in 32.4%, 
and above 30% in 39.7% of patients. Significant associations were found between the SDF and various factors 
in sperm analysis, including sperm count (P < 0.001), semen volume (P < 0.001), semen pH (P < 0.001), sperm motility 
(P < 0.001), normal sperm morphology (P < 0.001), and age (P < 0.001). Moreover, alcohol consumption (P = 0.04), smok-
ing (P = 0.01), and the presence of varicocele (P = 0.03) were significantly associated with.

Conclusion This study emphasizes the significance of SDF among individuals experiencing infertility and investigates 
its correlation with various sperm test parameters. It also sheds light on the vital roles played by factors such as age, 
smoking, alcohol consumption, and the presence of varicocele, which are highly likely to cause variations in SDF 
levels. The results of our research will add to the existing pool of knowledge on infertility and potentially have implica-
tions for clinical practice and the care of patients.
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1  Background
Infertility is a significant issue affecting reproductive-
aged couples and societies. Hence, after one year of 
unprotected sexual intercourse, pregnancy is not achiev-
able. Determining changes in infertility prevalence poses 
challenges. Potential reasons for its rise include delayed 
parenthood, lifestyle habits like smoking and alcohol 
consumption impacting semen and oocyte quality, shifts 
in sexual behavior, and the gradual decline of societal 
taboos [1]. The origin of infertility can be attributed to 
male, female, or both, with many cases remaining unex-
plained. Therefore, simultaneous evaluation of both part-
ners is necessary [2]. Understanding the genetic basis 
of male-associated factors in infertility is essential for 
effective detection and discovering more efficient rem-
edies for infertile couples [3, 4]. Recent research shows 
that 30–40% of infertility cases are due to male factors, 
including urinary tract abnormalities, genitourinary 
infections, hormonal disorders, genetic abnormalities, 
and immune factors [5]. Semen analysis plays a signifi-
cant role in diagnosing and assessing the effectiveness 
of treatment. Factors such as sperm count, acidity, mor-
phology, motility, and volume are evaluated to identify 
male infertility issues [6]. While the initial semen sample 
is essential, it may not distinguish between fertile and 
infertile men, underscoring the importance of cellular 
and nuclear factors in male infertility [7].

Sperm DNA fragmentation (SDF) results from various 
cellular events that damage sperm’s DNA and affect fer-
tility. These include abnormal chromatin packaging dur-
ing spermatogenesis, excessive reactive oxygen species 
(ROS) production, reduced seminal antioxidants, and 
apoptotic events during sperm maturation [8, 9]. Fac-
tors like toxins, pollutants, medications, smoking, age, 
and varicocele may also increase the amount of SDF [10, 
11]. SDF is related to reproductive failure, making it cru-
cial in assessing infertile men. SDF is a good predictor 
of outcomes of assisted reproductive technology (ART) 
techniques, such as blastocyst formation, pregnancy, and 
birth rate [12]. Various methods, including the alkaline 
comet test, terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL), sperm chromatin dispersion 
(SCD), and sperm chromatin structure assay (SCSA), 
are employed to assess SDF, with the alkaline comet test 
exhibiting superior predictive ability for male infertility 
[13]. While SDF assessment is available, its precise clini-
cal significance remains to be determined. Due to insuffi-
cient evidence, the routine use of SDF in evaluating male 
infertility has yet to be accepted [14].

A complete understanding of factors influencing SDF 
might be helpful with the aim of restoring fertility. This 
study aimed to assess SDF amounts in the sperm analysis 
of infertile individuals and the factors influencing it. By 

examining outcomes associated with each SDF result in 
sperm parameters, we aim to identify the factors related 
to SDF among infertile individuals.

2  Methods and materials
This cross-sectional descriptive study was conducted at 
Azad University hospitals from January 2020 to Decem-
ber 2021. The study enrolled 68 men referred to our hos-
pitals due to infertility. Men were included in the study 
using a convenience sampling method, their SDF factor, 
and semen analysis results. Demographic information 
was also obtained through a comprehensive medical 
examination and history taking. The study included men 
diagnosed with infertility who had at least one year of 
unprotected intercourse without contraceptive inter-
vention, aged between 20 and 48 years. Patients [1] dis-
satisfied with participation in the study, [2] those with 
incomplete medical records, [3] significant systemic ill-
ness, [4] the background of radiation therapy, chemother-
apy, inflammation of the testicles, exposure to harmful 
substances, injury, torsion, and [5] long-term medication 
use were excluded.

Semen samples were obtained from 68 infertile patients 
undergoing treatment at the ART center. Within one 
year of intercourse without contraception in sexually 
active couples, the inability to conceive served as infer-
tility. Based on the amount of SDF in the sperm of each 
individual, they were assigned to three subpopulations. 
Subpopulation A included patients with SDF < 15%, 
subpopulation B had SDF between 15–30%, and sub-
population C included those with SDF > 30%. Following 
2–6 days of not having sex, the antegrade technique was 
applied for sample collection. Analysis was performed 
according to the World Health Organization criteria 
[15, 16]. Liquid nitrogen was used for SCSA to freeze 
the small amount of semen obtained from each patient. 
However, fresh semen samples were used to perform 
the other tests [13]. The Ethics Committee of Azad Uni-
versity of Medical Sciences, Tehran, Iran, approved the 
research. The study complied with the ethical standards 
outlined in the 1964 Declaration of Helsinki, as revised 
in 2000 (Approval code: IR.IAU.TMU.REC.1400.296). All 
participants signed informed written consent before the 
study. Data analysis was performed using SPSS software 
(version 26.0). Quantitative variables were described with 
mean ± SD (standard deviation), and frequency was used 
to describe qualitative variables. The ANOVA test was 
used to compare quantitative variables across multiple 
qualitative groups, exceeding two in number. The Chi-
square test was utilized to analyze qualitative variables. A 
significance level of P-value < 0.05 was used to determine 
statistical significance.
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3  Results
Herein, 68 men were analyzed. Primary analy-
sis revealed that the average age of the patients was 
36.1 ± 8.1  years, with the youngest being 20  years and 
the oldest being 48  years. The average height of the 
patients was 175.5 ± 4.6  cm, with the shortest being 
168  cm and the tallest being 184  cm. The average 
weight of the patients was 73.5 ± 11.5 kg, with the light-
est being 56  kg and the heaviest being 93  kg. Demo-
graphic characteristics are summarized in (Fig. 1) based 
on subpopulations. The average semen volume in the 
patients was 2.5 ± 0.3  mL, with the lowest volume of 
2 mL and the highest volume of 3.2 mL. The mean pH 
of semen was 7.40 ± 0.2, with the lowest level being 7.2 
and the highest level being 7.9. Regarding sperm char-
acteristics, the average sperm count was 20.9 ± 0.7 mil-
lion, with the lowest count being 10.1 million and the 
highest count being 30.7 million (Table 1).

The analysis also showed a significant relationship 
between varicocele and SDF percentage, with patients 
with varicocele showing a higher SDF percentage 
(P = 0.03). Additionally, a meaningful association was 
found between alcohol consumption and SDF per-
centage, with patients who consumed alcohol having 
a higher SDF percentage (P = 0.04). Similarly, a signifi-
cant relationship was found between tobacco consump-
tion and SDF percentage, with patients who consumed 
tobacco showing a higher SDF percentage (P = 0.01).

However, no significant association between the SDF 
and height (P = 0.22), weight (P = 0.47), and employ-
ment status (P = 0.11) was discovered (Fig. 2).

4  Discussion
Various environmental toxins and pollutants, certain 
medications, chemical exposures, cigarette smoking, cer-
tain infectious diseases, varicocele, and advancing age can 
contribute to increased SDF, which is one of the impor-
tant causes of male infertility. Our goal is to identify the 
factors associated with SDF among individuals who are 
experiencing infertility. Generally, three major factors 
are discussed in male infertility: decreased sperm count, 
reduced motility, and abnormal sperm morphology [17]. 
The selection of natural and mature sperm is essential 
for the success of assisted reproductive techniques [18]. 

quantitative variable

Fig. 1 Demographic characteristics

Table 1 Sperm test variables of the patients

Sperm test variable SDF (%) Mean ± SD P-value

Semen volume(mL) SDF < 15 2.70 ± .08 2.50 ± 0.3  < 0.001

15 ≤ SDF ≤ 30 2.50 ± .08

SDF > 30 2.40 ± .07

Semen PH SDF < 15 7.30 ± .03 7.40 ± 0.2  < 0.001

15 ≤ SDF ≤ 30 7.40 ± .05

SDF > 30 7.50 ± .04

Sperm count SDF < 15 22.40 ± .07 20.9 ± 0.7  < 0.001

15 ≤ SDF ≤ 30 16.7 ± 0.1

SDF > 30 12.8 ± 0.1

Sperm motility

 A SDF < 15 18.3 ± 0.3 18.9 ± 2.4  < 0.001

 B 15 ≤ SDF ≤ 30 11.8 ± 0.3 11.1 ± 2.3

 C SDF > 30 6.2 ± 0.3 5.4 ± 1.2

Normal morphology SDF < 15 5.6 ± 0.4 5.07 ± 0.2  < 0.001

15 ≤ SDF ≤ 30 4.5 ± 0.4

SDF > 30 3.7 ± 0.6
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Improving sperm motility would enhance the success 
rate of a treatment cycle [19].

Armand Zini and colleagues evaluated standard sperm 
parameters, DNA denaturation (DD), and DNA frag-
mentation (DF) in healthy and infertile men. The study 
revealed a strong correlation between DF and DD in 
sperms with higher levels of sperm DNA damage in 
infertile individuals, indicating a relationship between 
male infertility and weak sperm DNA integrity [20, 21].

American Center of Reproductive Medicine explored 
various methods of SDF analysis. Among the methods 
studied were TUNEL and SCD, which were used to assess 
the fragmented DNA in sperm samples using micros-
copy or flow cytometry. Fernandez proposed a technique 
called SCD to measure SDF, wherein sperm DNA is 
exposed to an acidic solution in a culture medium, lead-
ing to chromatin dispersion, which is then visible under a 
fluorescent microscope. After comparing the two meth-
ods, TUNEL was more reliable and accurate when com-
bined with semen analysis in predicting male infertility 
[22].

Aamir Javed also indicated that the SCD, SCSA, 
TUNEL, and alkaline comet assays effectively distinguish 
between fertility and infertility, with the alkaline comet 
assay being the best predictor of male infertility [13].

To investigate the effect of SDF on various sperm 
parameters, including volume, count, pH, morphology, 
and motility, Ahmad Majzob conducted sperm analysis 

on 100 fertile and 1168 infertile men, aimed to explore 
the impact of SDF and oxidation–reduction potential on 
male infertility. The results indicated that an increase in 
SDF levels correlated with higher percentages of sperm 
head defects, highlighting the significance of morphology 
among the sperm parameters and its crucial role in male 
infertility [23].

According to an investigation by Minh Tam Le, the 
relationship between body mass index (BMI) and meta-
bolic syndrome in infertile men was studied. Sperm anal-
ysis, glucose tolerance test, and blood lipid profile were 
assessed. A significant association was revealed between 
SDF levels and obesity in infertile men [24]. However, our 
findings could have been more consistent with this study, 
as we found no significant relationship between SDF lev-
els and BMI.

Varicocele is reported as a common cause of infertil-
ity, exhibiting lower sperm motility, concentration, and 
morphologic defects, culminating in an increase in SDF 
amounts. While some studies explored the relationship 
between varicocele and SDF, there is limited information 
regarding the potential reduction of metabolic oxidative 
stress in varicocele patients [25].

The present study evaluated the association of varico-
cele with the possible increase in sperm oxidation and 
SDF index among infertile men. Hence, findings from 
infertile men with varicocele and men with natural sperm 
production without varicocele were compared. Semen 

Fig. 2 Acquired variables of the patients
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samples were collected and evaluated according to the 
guidelines, and oxidation–reduction (mV) potential was 
measured. The SDF index was measured using the SCSA. 
Only samples with a sperm concentration of more than 
106 sperm per mL were included for comparison. Infer-
tile men with varicocele had significantly lower average 
sperm concentration, motility, and total sperm count 
than the fertile control group.

In contrast, infertile men with varicocele had higher 
oxidation–reduction potential and more elevated average 
serum FSH levels and SDF levels than the fertile control 
group. The oxidation–reduction potential was higher in 
varicocele patients and positively correlated with the SDF 
amounts. Moreover, the oxidation–reduction potential 
and SDF index significantly negatively correlated with 
sperm parameters (sperm motility, concentration, and 
total sperm count) in infertile men with varicocele [23, 
25].

One of the fundamental issues affecting fertility is the 
lack of sperm motility or poor progressive motility [26].

A study reported that none of the sperm parameters, 
including motility, count, and morphology, are consid-
ered individually as the sole disruptive factor; instead, all 
three elements are involved in fertility outcomes [27].

Investigations on DNA damage suggest a significant 
and inverse association between SDF and embryo forma-
tion, blastocyst development, and fertility [28].

The etiology of sperm DNA damage is multi-factorial 
and may result from internal factors, such as deficient 
protamine levels, excessive ROS, and apoptosis. External 
factors, including medications, chemotherapies, smok-
ing, inflammation of the reproductive system, increased 
testicular temperature (e.g., hot baths, saunas, certain 
occupations like welding, bakeries), improper diet, alco-
hol consumption, obesity, prolonged driving, and varico-
cele [28–30]. Increased ROS leads to cellular membrane 
damage and impairs sperm motility, possibly correlating 
with SDF [31]. However, even in men with normal sperm 
motility and other normal semen parameters, SDF levels 
exceeding 30% can still be observed. Apart from helping 
to investigate infertility origin in a couple, SDF analysis 
can aid in decision-making when ART is needed [32, 
33]. It has been shown that intrauterine insemination 
is unsuccessful in men with a 30% DNA Fragmentation 
Index (DFI). Therefore, laboratory-assisted techniques 
such as intracytoplasmic sperm injection (ICSI) or 
in vitro fertilization (IVF) should be used [20, 21].

Assessing sperm DNA damage in infertile couples, 
even when a male partner has a standard analysis of 
semen, is recommended for selecting the most appropri-
ate ART. Studies investigating sperm DNA damage before 
and after varicocelectomy have shown that patients with 
varicocele have significantly higher sperm DNA damage 

than the control group. It has also been demonstrated 
that varicocelectomy has increased sperm DNA integrity 
following the procedure [34, 35].

Regarding the limited data available from studies, 
further research is required to elucidate SDF’s clinical 
significance on sperm DNA damage. Currently, varico-
celectomy is a suitable option to reduce the amounts of 
SDF and, thus, a practical approach to restore or improve 
fertility. SDF analysis may also be appropriate for moni-
toring post-surgical outcomes following varicocele repair 
[35].

The small sample size is one of the limitations of this 
study, necessitating further research with a larger sample 
size. Larger sample sizes can enhance statistical accuracy 
and provide more reliable results. Similar case–control 
studies can be conducted to explore the impact of SDF 
on infertility.

5  Conclusion
This study emphasizes the significance of SDF among 
individuals experiencing infertility and investigates its 
correlation with various sperm test parameters. It also 
sheds light on the vital roles played by factors such as age, 
smoking, alcohol consumption, and the presence of vari-
cocele, which are highly likely to cause variations in SDF 
levels. The results of our research will add to the exist-
ing pool of knowledge on infertility and potentially have 
implications for clinical practice and the care of patients.
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