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Abstract
Objectives: Today, sperm DNA fragmentation is considered as one of the causes of male infertility. The aim of this study was to
investigate the frequency of sperm DNA fragmentation index (DFI) in male factor infertility.
Materials and Methods: This cross-sectional study was performed on 100 infertile men referred to Infertility Clinic of Zahedan
(Iran) in 2017. Patients were selected using simple random sampling. All sperm parameters were analyzed for the patients. The
sperm DFI was determined using Halosperm test and patients were divided into two groups with low sperm DFI (≤30%) and high
sperm DFI (>30%).
Results: The mean age and sperm DFI of patients were 34.29 ± 4.18 years and %34.69 ± 19.13, respectively. From these patients,
55% had low DFI (less than 30%) and 45% had a high DFI (greater than 30%). The normal sperm morphology in the group with
sperm DFI greater than 30% significantly was lower than that in the group with sperm DFI less than or equal to 30%.
Conclusions: The findings of this study indicated an inverse relationship between sperm DFI and sperm morphology. Conducting
DFI tests to examine the anomalies and sperm DNA damage in infertile men is highly recommended.
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Introduction
Infertility is a common disorder defined by the failure
to achieve pregnancy after one year, despite unprotected
sexual intercourse and without the use of contraception
methods. According to the World Health Organization
(WHO), failure to achieve pregnancy has involved more
than 80 million people worldwide (1), and in Iran, a
quarter of couples experience primary infertility during
their life, which is higher than the global average. Over
the past 50 years, scientists have found that all or part of
the 40%-50% of infertility cases are related to male factors
(1), however, for more than a century, semen analysis
(S/A) has been used as a routine and simple test to assess
the fertility of men. In many cases, the sperm parameters
(concentration, motility, and morphology) cannot be
considered as factors for predicting the male fertility (2),
whereas, 15% of infertile men have normal spermograms
(3).
Semen analysis is the key laboratory assessment of the
partner of an infertile couple. The standard semen analysis
measures the following factors (3):
Semen volume and pH, microscopic examination
for: 1) Sperm concentration, sperm count, motility, and
morphology, 2) Debris and agglutination, 3) Leukocyte
count, 4) Immature germ cells.
The causes of male infertility can be divided into four
main areas (4):

•

Endocrine and systemic disorders, usually related to
hypogonadotropic hypogonadism: 2% to 5%
• Primary testicular defects in spermatogenesis:
65% to 80% (of which the majority have idiopathic
dysspermatogenesis, an isolated defect in
spermatogenesis without an identifiable cause)
• Sperm transport disorders: 5%
• Idiopathic male infertility: 10% to 20%
Therefore, in several studies, the use of sperm function
tests has been suggested. Several tests have been proposed
based on the physiological and molecular performance
of sperm in the fertilization process including the ability
for sperm to connect to a transparent layer surrounding
the oocyte during the first fertilization stage, the ability
of the sperm to penetrate, and in other words, the ability
to perform an acrosome reaction, the sperm DNA and
sperm chromatin.
The quality of sperm chromatin is an important
factor in maintaining the male fertility potential. Sperm
DNA provides half of the genetic material to the embryo
produced by fertilization; so half of the fertility success rate
depends on the transmission of sperm DNA without defect
along its pathway from the testes to the fallopian tubes in
women, oocyte fertilization, and zygote formation (5).
The chromatin density facilitates the sperm transfer
and protects the genome against destructive factors. The
compression of DNA and the presence of antioxidants
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in seminal fluid protects the sperm DNA from oxidative
damage (6). Approximately 10% of spermatozoa from
fertile men and 20% of spermatozoa from infertile men
have some degrees of sperm DNA fragmentation.
Environmental and occupational factors, infections
of the urinary tract, age, inappropriate diet, the use of
some drugs, smoking, alcohol, and so on are considered
as effective factors in reducing the integrity of sperm
DNA (6).
Fertilization by damaged sperm may reduce the fertility
of sperm, increase failure of in vitro fertilization (IVF)
cycles, decrease the quality of the embryos in IVF cycles
and the fetal growth, and increase the abortion in the
early stages of pregnancy (7). There is also a reverse and
significant relationship between sperm DNA damage and
morula and blastocyst formation, embryonic development,
and pregnancy rate (7,8). Reduced DNA integrity
also reduces the success rate of artificial reproductive
technology including intracytoplasmic sperm injection,
IVF, and intrauterine insemination (IUI) (9).
The results of a study on determining the threshold
of sperm DNA fragmentation index (DFI) in infertility
showed that DFI greater than 30% was significantly
associated with infertility (10). A meta-analysis performed
on four studies investigated the association between DFI
and miscarriage after spontaneous pregnancy or IUI, and
showed that the probability of successful fertilization and
live birth in cases with sperm DFI lesser than 30% was
high (11).
Regarding the presence of normal spermogram in
percentage of infertile men and also the role of chromatin
quality, especially the importance of sperm DNA
fragmentation in preserving the male fertility potential,
and the limitation of studies in this area, this study aimed
to determine the sperm DNA fragmentation in infertile
couples and clarify the necessity of determining sperm
DFI in early infertility studies, as well as unsuccessful IVF
due to the presence of normal spermograms. In addition,
the role of chromatin quality, and in particular, the
importance of sperm DNA in maintaining male fertility
potential were investigated.
Materials and Methods
All infertile men who had referred to the Infertility Clinic
of Ali-ibn-Abitalib hospital in Zahedan from June 2016 to
December 2016 entered this cross-sectional study under
the ethical code of IR.ZAUMS.REC.1395.47. After giving
enough information about the study and the benefits
that this study would bring for couples in the future,
informed consent was obtained from the participants.
The participants then completed the information form
and were explained how to collect samples.
The result of the spermogram was recorded for each
patient, on the basis of the sperm concentration (×106/
mL), and sperm motility and morphology (%) in the
information form. The interpretation of the results of the
sperm analysis parameters was determined in accordance
with the WHO (12) guidelines, both normal and abnormal

(Table 1).
The WHO has published lower reference limits for
semen analysis. The following parameters represent the
generally accepted 5th percentile (lower reference limits
and 95% Cls in parentheses), derived from a study of over
1900 men whose partners had a time-to-pregnancy of <12
months:
Volume: 1.5 mL, sperm concentration: 15 million
spermatozoa/mL, total sperm number: 39 million
spermatozoa per ejaculate, morphology: 4% normal
forms using strict Tygerberg method, vitality: 58% live,
progressive motility: 32%, total motility (progressive and
non-progressive): 40% (Table 1).
The semen samples were collected by masturbation after
a 2-5 days sexual abstinence period and were delivered
to the laboratory of Ali-ibn-Abitaleb hospital. The
percentage of sperm DNA fragmentation was measured
by two laboratory staff using the Halosperm test kit. Using
this method, the percentage of sperm DNA fragmentation
can be checked by the presence of a halo around the sperm
core and its size. Then the number of sperms with damaged
DNA (sperm nucleus with small halo and no halo) and
without damaged DNA (sperm nucleus with large halo
and medium halo) were determined. To evaluate the DNA
fragility in sperms, 200 cells were counted. The sperm DFI
was determined by calculating the fractional percent that
was obtained by dividing the number of sperms with DNA
fragility by the total number of sperms (total sperm with
and without DNA fragility).
The information was recorded in the information form
for each participant by the laboratory staff in order to be
assigned into two categories during the analysis based on
Rafighdoost et al study (13):
1. High level ofsperm DFI (greater than 30%)
2. Low level of sperm DFI (equal to or lower than 30%).
Prevalence, percentage, mean and standard deviation
were used as descriptive statistics. The dispersion of
samples was investigated by Kolmogorov-Smirnov test.
Moreover, to compare the mean of quantitative variables
between two groups, independent t test (data with normal
distribution) and Mann–Whitney U test (data with
abnormal distribution) were used. The significance level
was considered as P < 0.05.
Table 1. Interpretation of the Results of Sperm Analysis According
to the WHO 2010 Guidelines
Parameter

Lower Reference Limit

Semen volume (mL)

1.5

Sperm concentration (106 /mL)

15

Total sperm number (106 /ejaculate)

39

Progressive motility (PR, %)

32

Total motility (PR+NP, %)

40

Vitality (live sperms, %)

58

Sperm morphology (NF, %)
pH

4
≥7.2

Leukocyte (106 /mL)

<1

MAR/Immunobead test (%)

<50
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Results
A total of 100 couples with male factor infertility (regardless
of whether or not they had female factor infertility), who
had referred to the Infertility Clinic of Ali-ibn-Abitalib
hospital of Zahedan during a 6-month period (from June
2016 to December 2016), were studied. Inclusion criteria
were: history of infertility and abnormal semen analysis.
While exclusion criteria were: Klinefelter syndrome, X
deletion syndrome, hypogonadotropic hypogonadism,
and cryptorchidism. The mean age of patients was 34.21
± 4.14 and the mean sperm DFI was 34.69 ± 19.13%. In
addition, 45 patients (45%) had sperm DFI greater than
30%. Semen analysis was also done. The results of this
study showed that the mean age, sperm concentration,
normal morphology, and sperm motility in patients with
DFI> 30% were lower than that in patients with DFI <
30%. This difference was statistically significant only for
normal morphology (Table 2).
Discussion
Around 15% to 20% of couples are infertile. Furthermore,
30%-40% of the infertility cases are related to male factor
infertility. The majority of male infertility is associated
with abnormal sperm parameters. On the other hand, the
health of sperm DNA is one of the factors that directly
affects the quality and quantity of sperm. An increased
DNA damage is associated with infertility.
Sperm selection based on normal parameters
(concentration, morphology, and motility) cannot indicate
the health of sperm DNA. This study was conducted to
investigate the frequency of sperm DFI in infertile men.
In this study, DFI was evaluated by Halosperm test and
an acceptable threshold of 30% was considered. The mean
and standard deviation of DFI in the study participants
was 34.69 ± 19.13%, and sperm DFI was greater than 30%
in 45 patients (45%).
The results of this study revealed that the mean age of
patients in the sperm DFI group > 30% was higher than
that of patients with sperm DFI <30%. Additionally, mean
concentration, normal morphology, and sperm motility
were lower in patients with DFI> 30% compared to the
patients with DFI <30%. However, statistical tests did
not show a significant difference between the two groups
except for normal sperm morphology.
Rafighdoost et al found a significant reverse relationship

between DFI and the sperm parameters of concentration,
mobility, and morphology (13).
Oleszczuk et al reported that sperm DFI was higher than
30% in over 8.4% of infertile men, whereas it was reported
for 45% of infertile men in this study (14). In a study by
Tandara et al, this rate was 28%, which was lower than the
present study (15). Moreover, the results of Heidari et al
in Tehran showed that the mean sperm DFI in infertile
men (73.77%) was higher than that of the present study
(16). Perhaps this difference in results is related to the
difference in the method used for measuring sperm DFI
and the effect of environmental and genetic factors on the
extent of sperm DNA damage.
Changes including the function of the testicles, the
glands and sex hormones, the production of semen fluid,
sexual activity, fertility and sperm DNA damage occur in
the male reproductive system with increasing age. Kühnert
and Nieschlag investigated the fertility changes with age
and found that fertility rate in men reduces after the third
decade of life (17). Moreover, sperm DNA fragility has
been reported to be higher in men older than 35 years than
in young men. It has been shown that aging influences
sperm chromatin integrity and consequently increases
sperm DNA damage (18). The results of a study by Das et
al also showed a positive significant relationship between
age and sperm DNA fragmentation (19). Although in the
present study, patients with high DFI were older, unlike
previous studies, no significant association was found
between sperm DNA damage and age. Perhaps this result
could be due to the young age of the patients in the present
study or the difference in the normal and abnormal DFI
threshold in various researches.
Many researchers believe that morphology is a
predictive factor for fertility (20). The results of this study
showed a significant inverse correlation between normal
morphology and sperm DFI. Normal morphology also
appears to represent normal function, and any factor
that contributes to DNA damage, could affect sperm
morphology. As a result, increased DNA damage would
probably be accompanied by poor sperm morphology.
In infertile men with reduced normal morphology,
the increase in the DNA damage should, therefore,
be considered. In this respect, the administration of
antioxidants to these patients, with the aim of resolving
one of the main causes of sperm DNA damage, can

Table 2. Comparison of Age and Semen Parameters of Patients Based on Sperm DNA Fragmentation Index
Variable
Age
Concentration
Morphology
Motility

Number

DFI

Mean

Standard Deviation

Max

Min

45

DFI >30 %

34.91

4.47

44

25

55

DFI ≤ 30%

33.63

5.03

45

19

45

DFI >30 %

21.04

13.55

50

4

55

DFI ≤ 30%

29.40

22.09

90

3

45

DFI >30 %

18.88

13.13

60

5

55

DFI ≤ 30%

22.90

11.85

50

5

45

DFI >30 %

44

17.17

70

20

55

DFI ≤ 30%

49.27

14.02

75

20

* Dependent t test; **Mann–Whitney U test.
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increase the fertility chances.
The results of this study and its comparison with the
results of most of the similar studies indicated that there
was a correlation between sperm DFI and spermogram
parameters, however it seems that differences in sample
volume, age of patients, genetic and environmental factors,
performing semen analysis by different laboratories, the
use of different methods for measuring sperm DFI and
differences in sperm morphology threshold, mobility, and
threshold sperm DFI in comparison with the results of
other studies should be approved by further studies.
The results of this study indicated the high rate of
sperm DFI in infertile men. The higher levels of sperm
DFI were also associated with quantitative and qualitative
reduction in spermogram parameters, especially normal
morphology.
Therefore, it can be concluded that men with higher
sperm DNA damage represent poor results in sperm
analysis; this necessitates doing the sperm DFI in infertile
men with abnormal spermogram results (20,21).
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