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ABSTRACT

Objective: To investigate the influence of age, body mass index
(BMI), varicocele, diabetes, tobacco use, and environmental
occupational risks on sperm DNA fragmentation index (DFI) and
its association with semen parameters and in vitro fertility (IVF)
outcomes.

Methods: This cross-sectional study was conducted on 116 infertile
men. Conventional semen parameters were analyzed according to
the World Health Organization criteria. Sperm DNA fragmentation
was evaluated using sperm chromatin dispersion method. After
visiting the infertility center, the men's height and weight were
measured, and blood tests were performed to check for diabetes,
and medical records were reviewed for varicocele, tobacco use,
and type of occupation. The sperm was then examined for DFI.
Then, the association between sperm DFI and IVF failure rate was
investigated.

Results: The study showed a significant association between
DFI>20% with BMI (OR 1.134, 95% CI 1.04-1.24, P=0.006),
varicocele (OR 4.330, 95% CI 1.25-14.96, P=0.021), tobacco use
(OR 3.066, 95% CI 1.06-8.90, P=0.039) and environmental and
occupational risks (OR 2.694, 95% CI 1.08-6.75, P=0.034) as
well as sperm motility (P<0.05). Although the amount of DNA
damage increased in those aged >40 years, there was no significant
association between the amount of DFI >20% and age, diabetes,
sperm volume and concentration, morphology and progressive rate
(P>0.05). The IVF failure rate was higher in people with a DFI
>20%.

Conclusions: Factors such as BMI, varicocele, improper working
conditions and environment cause damage to sperm DNA, and DFI

>20% damage can have adverse effects on IVF outcomes.

KEYWORDS: DNA fragmentation index (DFI); Male infertility;
Semen parameters; /n vitro fertilization (IVF)

1. Introduction

Infertility is the concept of not becoming pregnant after a year
of regular sexual contact without the use of contraception[1].
The studies found that 10%-15% of couples face the problem
of infertility and the cause of 50% of infertility is men[2]. DNA
fragmentation index (DFI) sperm in males assay can be used as
a precision tool to evaluate fertility status[3]. Some factors and
external substances affect the integrity of chromatin, and the
accumulation of these factors can lead to irreversible damage to

sperm DNA. Many factors are related, including reproductive
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age, obesity and inactivity, testicular inflammation, environmental
pollution, etc[4]. The DFI percentage is higher in older men (over
40 years) compared to younger men[5]. There have been several
reports on the association between men's age and sperm DFI and
assisted reproductive technology (ART) results, which have had
conflicting results[6]. Today, with the change in lifestyle and machine
life, inactivity has brought obesity and overweight, which has a
negative effect on sperm DNA[7]. Body mass index (BMI) indicates
body condition. A BMI value of 30 kg/m’ is considered overweight
and obese. Evidence reveals a link between obesity and reduced
male fertility. It is also reported that the amount of DFI is higher
in obese people[8.9]. The proper function of sperm in the process of
fertilization and the formation of pronuclei is related to the integrity
of sperm DNA[10]. In men, varicocele can cause hyperthermia and
high temperature of the scrotum, which disrupts the function of the
testicle and Leydig cell, and also causes shock to the sperm cell, and
this condition causes damage to nuclear DNA and mitochondrial
DNA[11]. Agents such as diabetes mellitus and cigarneys are also
effective in infertility male[12]. A study conducted in the field of
men's employment shows that the association between exposure
to dangerous substances, pollutants and chemicals, high heat and
prolonged sitting can increase the incidence of sperm DNA damage
and thus decrease fertility[13]. Microscopic analysis of semen may
be used as the first step in the diagnosis of infertility. Studies show
that DNA damage >15% of sperm has a negative effect on semen
parameters such as motility and morphology[14]. The integrity of
sperm DNA is considered one of the important factors for the in
vitro fertility (IVF) process, and in men whose sperm DNA damage
is seen, the fertilization process fails[15]. Sperm efficiency is very
important during fertilization and IVF[16]. The aim of this study
was to investigate the effect of age, BMI, varicocele, diabetes and
tobacco use on the amount of DNA damage and its association with

semen parameters and IVF outcomes.

2. Methods

2.1. Study design

In this analytical cross-sectional study, which was performed from
October 2021 to November 2023, semen samples were collected
from 116 men suffering from infertility at private clinic in Esfahan,
Iran. After visiting the infertility center, the men's height and
weight were measured, and blood tests were performed to check for
diabetes, and medical records were reviewed for varicocele, tobacco
use, and type of occupation. In this study, men were divided into
two groups: the control group DFI <20% and the test group DFI
>20%. Based on reports from current articles around the world and
the current study, it has been determined that in people with DFI
more than 20%, the chance of successful pregnancy is reduced.

All couples’ height and weight were measured by a skilled nurse

at the initial visit. Weight divided by height squared was used to
compute BMI according to the classification standards of the global
organization. Then, in the examinations and tests of men suffering
from varicocele, diabetes, tobacco use, and the type of employment,
including long-term sitting, contact with chemical agents or high
heat, information was collected. All the wives of the studied men had
reproductive system health[17].

The inclusion criteria for the study were: consent to participate
in the research project, marriage for more than one year, and no
successful pregnancy. The exclusion criteria were marriage for less

than one year and having a child.

2.2. Analysis of semen parameters

Semen samples were collected after 2 to 7 days of abstinence from
sexual intercourse in sterile containers through masturbation[18].
After liquefaction of the semen, sperm parameters were examined
and analyzed according to the guidelines of the World Health
Organization and DNA damage using the TUNEL test. Sperm
parameters were analyzed by semen using a computer analysis (CASA
system, Spain). Sperm counts were observed by a plate with a 10x
objective lens. We used several key parameters, including volume,
concentration, motility, morphology (Diff-Quick staining solution
(Bred Life Science, Shenzhen, China) to facilitate morphological

examination and to determine the proportion of sperm.

2.3. Analysts of sperm DFI

To investigate sperm DNA damage, the protocol of the
manufacturer of the tunnel kit (Mannheim, Promega, Germany)
was used. In summary, the semen samples were washed twice
with phosphate buffered saline (PBS), and then fixed with 4%
paraformaldehyde for 30 min. In order to penetrate, sperm samples
were used for 5 min in Triton X-100 (Darmstadt, Germany Merck),
and then propidium iodide dye with a concentration of 1 pg/mL was
used to stain the nucleus for the purpose of cell counting. Sperm
DNA was measured using a flow cytometer (BD Biosciences, San
Jose, CA, USA).

2.4. Assessment of IVF outcomes

Oocytes were cultured for 2 to 4 h. Fertilization status was
observed 16-18 h after inoculation. The state of zygote cell division
42 to 44 h and the formation of pronuclear after insemination was
observed and the number of transplantable and high quality embryos
was determined. Subsequently, we recorded blastocyst formation,
implantation, early clinical pregnancy loss, and delivery or live birth
in each cycle of IVF treatment. Patients were tested for serum 3-hCG
measurement 12-14 days after implantation. Implantation and
clinical pregnancy were defined as the presence of a gestational sac

confirmed by ultrasound.
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2.5. Statistical analysis

Statistical analysis was performed at two descriptive and inferential
levels. At the descriptive level, Freonian distribution tables and
average, standard deviation, median and quartile deviation indices
were used. At the inferential level, independent ¢-tests were used to
compare quantitative variables, and Fisher's exact and Chi-square
tests were used to compare qualitative variables between the studied
groups. The selection of parametric and non-parametric tests was
done according to the results of the Kolmogorov-Smirnov test
in checking the normality of data distribution. Also, the logistic
regression model was used in order to simultaneously investigate the
effect of individual characteristics on the rate of DNA breakage of
infertile men and to estimate its probability. The tests were performed
using SPSS software version 27 and at a five percent error level.

All the assumptions of the logistic regression model were checked
and confirmed and the final model was evaluated as suitable for
predicting the association between independent and dependent
variables. Among the individual characteristics, those that were
univariately significant (P<0.05) or close to significant (P<0.1) as
independent variables were included in logistic regression model.

The independence of the observations was checked according to
the nature of the data and the data were considered as independent
samples. Based on common criteria (at least 10 observations for
each variable), the sample size was determined to be sufficient. Box-
Tidwell test was used to ensure the assumption of linearity between
independent variables and the logarithm of odds. The results showed
that all independent variables were linear at a significance level of
0.05. Multiple collinearity was checked using the variance inflation
factor (VIF). All variables had VIF less than 5, and therefore there

was no significant multicollinearity.

2.6. Ethics statement

This cross-sectional study has been approved by the Ethics
Committee for Humanities Research, Islamic Azad University
Behbahan Branch, Behbahan, Iran (Code: IR IRJAU.BEHBAHAN.
REC.1400.004, dated: 15 September 2021). Written consent was
obtained from the participants and a questionnaire containing
personal information was completed for each person. The working
conditions were explained to all the participants and all the
participants were aware of the tests to evaluate the health of their
reproductive organs and were free to continue the tests and could

withdraw at any time during the project.

3. Results

3.1. Demographic characteristics

The 116 men in the age range of 24 to 55 years, whose wives were
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Table 1. Association between DNA fragmentation index and demographic
characteristics.

. DFI <20% DFI >20%
Variables (n=36) (1=80) P-value
Age, years, mean+SD 35.72+6.13 36.59+6.81 0.515°
BMI, kg/m*, mean=SD 24.93+5.10 28.17+4.87 0.001*
Varicocele, n(%)
No 32(88.9) 54(67.5) 0.015
Yes 4(11.1) 26(32.5)
Diabetes, n(%)
No 33(91.7) 76(95.0) 0.675°
Yes 3(8.3) 4(5.0)
Tobacco use, n(%)
No 29(80.6) 50(62.5) 0.054"
Yes 7(19.4) 30(37.5)
Environmental and
occupational risk, n(%)
No 25(69.4) 34(42.5) 0.007"
Yes 11(30.6) 46(57.5)
Physical activity, n(%)
No 31(86.1) 67(83.8) 0.745°
Yes 5(13.9) 13(16.2)

Note: a: Independent sample ¢ test, b: Chi square test, c: Exact Fisher test.
DFI: DNA fragmentation index; BMI: body mass index. Physical activity:
30 minutes a day for 5 days a week. Environmental and occupational
risks: Physical hazards include excessive noise, poor lighting, vibrations,
excessively high or low temperatures, and chemical hazards in the workplace,
as well as exposure to harmful chemicals such as gases, liquids, and dust.
Tobacco use: more than 3 times a week.

undergoing IVF treatment due to infertility, were examined. The
individual characteristics of people based on the amount of DNA
damage are presented in Table 1. The amount of DNA damage
was less than 20% in 36 people (31%) and more than 20% in
80 people (69%). The average BMI of men with DFI <20%
[(24.93£5.10) kg/m’] was significantly lower than men with
DFI>20% [(28.17+4.87) kg/mz] (P=0.001). The proportion of men
with varicocele in people with DFI >20% (32.5%) was significantly
higher than people with DFI <20% (11.1%) (P=0.015). Also, the
proportion of men with high-risk jobs in people with DFI >20%
(57.5%) was significantly higher than in people with DFI <20%
(30.6%) (P=0.007). In other cases, no significant association
between the amount of DNA damage and individual characteristics
of men, including age (P=0.515), diabetes (P=0.675), tobacco use
(P=0.054), and physical activity (P=0.745) was not observed. Of
course, there is evidence of a significant association at the error level
of ten percent, and the higher proportion of smokers among men
with DFI >20% (37.5%) than among men with DFI <20% (19.7%)
is also based on the test results of the Chi-square test.

In order to predict the presence of DNA damage in men based
on individual characteristics, logistic regression model was used.
Among the individual characteristics, those that were univariately
significant (P<0.05) or close to significant (P<0.1) as independent
variables (BMI, varicocele, tobacco use and high-risk occupation)
and the amount of DNA damage (DFI >20%) were considered as

dependent in this model.
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Table 2. Logistic regression model for DNA fragmentation index.

Variables OR 95% CI
BMI 1.134 1.04-1.24

P-value
0.006

Varicocele
No (Referenc)
Yes 4.330

1.25-14.96 0.021

Tobacco use

No (Reference)

Yes 3.066 1.06-8.90 0.039

Environmental
and occupational risk
No (Reference)
Yes 2.694 1.08-6.75 0.034

OR: odds ratio; CI: confidence interval. ‘:Body mass index (BMI) is

considered as a continuous variable, and also categorized with a cut-off of
25 kg/m?2 based on WHO definitions. With an increase of one unit in men's

BMI based on 25 kg/m?, the chance of DNA damage in men will increase.

3.2. The effect of BMI, varicocele, tobacco use, and high—risk

occupation on sperm DNA damage status

The results of the logistic analysis showed that the model based
on four predictor variables leads to a significantly better prediction
compared to the model with a fixed value [P<0.001, X2=25~284(4)]-
Nagelcrack pseudo 2R showed that this model explains about 28%
of the variance. This shows that BMI, varicocele, tobacco use, and
high-risk occupation can properly differentiate the DNA damage
status in people. The correct prediction rate for those with DFI <20%
was greater than 91.3% and for people without DFI >20% was less
than 38.9% and the overall prediction success rate was 0.75%, which
indicates a relatively good prediction (Table 2).

According to the results of Table 2, four independent variables
in the regression model including BMI (P=0.006), varicocele
(P=0.021), tobacco use (P=0.039) and high-risk job (P=0.034) had
a significant effect in predicting the condition of people in terms of
DNA breakage (DFI >20%). The highest odds ratio value was for
varicocele, so that the presence of varicocele increases the chance
of DNA damage greater than 20% (DFI >20%) by 4.330 equals.
The odds ratio for tobacco use was 3.066. Therefore, tobacco use
increased the chance of DNA damage more than 20% (DFI >20%)
by 3.066 times in men. The odds ratio for high-risk jobs was 2.694.
Therefore, working in high-risk jobs in men increased the chance
of DNA damage greater than 20% (DFI >20%) by 2.694 times. The
probability value for BMI was 1.134. Therefore, by controlling the
effect of other factors, with an increase of one unit in men's BMI, the

chance of DNA damage in men will increase by 1.134 times.

3.3. Analysis results of sperm parameters

In comparing the parameters related to semen between two groups

of men with DFI less than 20% and more than 20%, the results of the

Table 3. Sperm volume, concentration, motility, morphology and
progressive rate stratified by the DNA fragmentation index (DFI).

. DFI <20% DFI >20%

Variables (n=36) (1=80) P-value
Volume, mL 3.52+1.44 3.42+1.31 0.706

Concentration, 10/mL  69.91+23.31 63.73+21.01 0.086

Normal morphology, %  6.33+1.55 6.98+1.43 0.056

Total motility, % 46.39+15.12 34.68+12.67 <0.001

Progressive rate, % 36.33+11.01 33.28+5.50 0.057

Data are expressed as mean+SD.

Table 4. Sperm volume, concentration, motility, morphology and
progressive rate base on the in vitro fertility (IVF) outcome.

Variables IVF unsuccessful IVF successful ~ P-value
Volume, mL 3.36x1.11 3.55+1.58 0.786
Concentration, 10/mL  65.79+21.64 65.49+22.26 0.973
Normal morphology, %  6.84x1.57 6.71x1.41 0.459
Total motility, % 36.92+13.63 39.86+15.33 0.312
Progressive rate, % 33.74+6.63 34.76+8.82 0.717

Data are expressed as mean+SD.

Table 5. Relationship between DNA fragmentation index (DFI) and in vitro
fertility (IVF) treatment outcome.

Varibles n 'L WVE OR©95% CI)  P-value
successful unsuccessful

DFI<20% 36 30(83.3) 6(16.7) 11(4.06-2978)  <0.001

DFI>20% 80 25(31.1) 55(68.8)

Data are expressed as n(%).

Mann-Whitney test showed a significant difference in the amount of
sperm motility between the two groups at the five percent error level
(P<0.001), and sperm motility was significantly higher in men with
DFI <20%. No significant difference was observed between the two
groups in the indices of volume (P=0.706), concentration (P=0.086),
morphology (P=0.056) and advancing sperm (P=0.057). Of course,
there was evidence of a significant difference in the ten percent
error level in the three indices of concentration, morphology and
progressing sperm (P<0.1) (Table 3).

There was also a significant difference in the amount of semen
parameters, including volume (P=0.786), concentration (P=0.973),
morphology (P=0.459), motility (P=0.312) and progressive
movement (P=0.717) between men with successful and unsuccessful
IVF treatment (Table 4).

3.4. The association between DNA damage and the result of
1VF treatment

In the study, the result of IVF treatment was successful (pregnancy)
for 55 people (47.4%) and failure (no pregnancy) for 61 people
(52.6%). The association between DNA damage and the result of
IVF treatment was significant (P<0.001). Thus, among men with
DFI less than 20%, the result of IVF treatment was successful in 30
people (83.3%), and among men with DFI more than 20%, the result

of treatment was successful in 25 people (31.3%). The odds ratio
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was 11. Therefore, the presence of DNA damage of more than 20%
in men increased, the chance of IVF treatment failure by 11 times
(Table 5).

4. Discussion

Sperm DNA integrity is one of the most important factors related to
successful reproduction and IVE. Therefore, doctors perform sperm
DNA fragmentation test to analyze male infertility[19]. Nowadays,
due to changes in lifestyle, fertility problems are on the rise, and it
seems that the delay in having children is an important issue and
cannot be underestimated[20]. Studies show that increasing the age
of men over 40 years is directly related to the increase in sperm
DFI[21.22]. In the present study, similar to the study of Sunil et al,
the rate of DFI increased by more than 20% in men over 40 years
old. Because most of the people studied were in the age range of
over 35 years at the same time, there was no significant association
between age and DFI[17]. Kaarouch et al's study stated that there
is no significant association between father's age >40 years and
sperm DNA damage[23]. Lifestyle factors such as increased BMI and
inactivity are directly related to increased sperm DNA damage[24].
In the present study, similar to the findings of Andrew et al, there was a
positive and significant correlation between BMI >30 kg/m” and DNA
damagef25]. The study of Elahi et al, similar to the present study,
showed a significant and positive correlation between varicocele and
DNA damage >25%]26]. Minas et al's study reported that diabetes
can damage sperm DNA and result in infertility, which was not
consistent with the present study[27]. Jafari et al reported that there
is no significant association between two groups of diabetic and
non-diabetic infertile men in any of the sexual function factors[28].
Other studies showed no change in serum testosterone levels among
diabetic patients, regardless of their sexual performance, which,
similar to the present study, rejected the association between diabetes
and infertility[29.30]. Studies have shown that occupational factors
including heavy physical activity, prolonged sitting, exposure to hot
environment, exposure to radiation, high temperature can increase
sperm DNA speed|31]. Caliskan et al's study, similar to the current
study, showed a significant difference of <15% in men who were
in inappropriate working conditions and environments[32]. Studies
show an increase in sperm DFI in infertile men with abnormal semen
parameters[33]. In the study of Okubol et al, there was no significant
difference between sperm DNA damage and semen volume and
concentration, which was consistent with the present study[34]. In
Omrani et al's study, there was a difference between DNA damage
and motility and there was no difference between sperm morphology
and DFI, which was consistent with the present study|35]. In Zhang
et al's study, there was no difference between progressive rate and
DFI, which was consistent with the present study[36]. A study by
Akhwaizadegan and colleagues similar to the present study showed

that DNA damage can cause unsuccessful IVF and miscarriage[37].
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In the study of Qi ez al, there is a positive correlation between DFI
>15% and unsuccessful IVF and lack of embryo growth quality[38].
In Mettlera et al's study, associations between DFI >20% due to
abnormal density of sperm nucleus after IVF procedure, repeated
failures and non-formation of pronucleus eggs were reported(39]. The
research conducted on the time of abstinence before receiving the
semen sample of men shows that the shorter the time, the better the
quality of the semen(40]. In the study of Barbagallo et al, which was
consistent with the present study, it was stated that people who had
fewer days of sexual abstinence had lower DFI levels than people
who had more days of abstinence[41].

The limitations of the present study were the small sample size due
to the investigation and follow-up of IVF results, and at the same
time, the study was only of infertile men, so that their wives had
reproductive system health.

In conclusion, the present study showed that factors such as BMI,
varicocele, working conditions and unsuitable environment cause
sperm DFI and more than 20% damage can have adverse effects
on IVF results. Increasing age can also affect DFI >20%, but in the
current study, the association between age, diabetes with DFI was
not significant, and in the future, there is a need for research in a
wider range of ages and the number of people on a large scale in
order to study the effect. Different factors can affect sperm DNA and

semen quality, both of which can affect artificial insemination.
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