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INTRODUCTION 

Infertility is a common problem that accounts for 
approximately 15% of the general population and 
means the failure to achieve a clinical pregnancy 

ABSTRACT

Objective. Integrity of sperm DNA was linked to successful intracytoplasmic 
sperm injection (ICSI) outcome. Sperm DNA fragmentation index (DFI) is a 
method to assess spermatozoa function and DNA damage. The current study 
examined DFI association with the demographic and seminal fluid parame-
ters among males with mild oligo/asthenozoospermia, and we looked for 
clinical implications of DFI on the outcome of ICSI (in terms of fertilization 
rates, number of good quality embryos, and clinical pregnancy).

Patients and Methods. A prospective cohort study recruited 73 infertile cou-
ples with mild oligo athenospermia referred after repeated IUI failure for 
ICSI. Three sets of data were recorded: demographic criteria including male 
age, smoking status, and body mass index (BMI), Semen samples analysed 
for standard seminal fluid analysis, and DFI, which was categorized into 3 
sub-groups: ICSI outcome was recorded

Results. DFI was positively correlated with age and BMI. Motile and mor-
phologically normal sperms correlated moderately and negatively to DFI 
(r = -0.45, -0.41). Progressively motile and morphologically normal sperm 
showed a moderate negative relationship to DFI (r = -0.45, -0.41) p < 0.0001, 
0.03, sluggish and immotile sperm showed a weak positive statistically mea-
ningful link to DFI (r = 0.3, 0.31). Low DFI cases had the highest fertilization 
rates and numbers of good-quality embryos. Moderate and high DFI catego-
ries were highest in the negative pregnancy group; p < 0.0001. 

Conclusions. Meaningful link of DFI to infertile male demographic and se-
minal fluid parameters allows reducing modifiable factors and selecting best 
sperm candidate to improve ICSI outcome. Further studies are needed to un-
veil diagnostic, therapeutic and prognostic implication of DFI.

after 12 months of unprotected sexual intercourse 
[1]. It can be caused by male factors, female fac-
tors, or unexplained infertility. About one-third of 
infertility cases are attributed to sperm defects [2]. 
Fertilization involves integrating the DNA genetic 
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material within the sperm and egg cells. Chromatin 
integrity is a pivotal requirement in transferring 
genetic code safely to guarantee adequate and he-
althy embryonic development from implantation 
to full-grown foetus [3, 4].
Sperm chromatin fragmentation is associated with 
a reduction in the reproductive capacity of human 
spermatozoa [5]. It appears that higher sperm chro-
matin fragmentation is negatively linked to sperm 
parameters such as motility and morphology [6]. 
Earlier works discussed that DNA fragmentation ra-
tes of infertile patients were significantly higher than 
those of fertile couples, and it inversely impacts the 
clinical outcomes for Assisted Reproductive Techni-
que (ARTs) [7, 8]. Similarly, a recent meta-analysis 
found that sperm DNA damage is associated with 
a lower pregnancy rate in IVF/ICSI [9]. 
Sperm DNA damage is multifactorial, including ge-
netic, environmental, and extrinsic factors (such as 
recreational drugs, smoking, bad working environ-
ment, obesity, and the presence of testicular vari-
cocele) all increase the risk of sperm DNA damage 
[10,11]. Identifying those risk factors is of utmost 
importance to predict the outcome of pregnancy 
[12]. Several methods can be utilized to determi-
ne DNA damage in spermatozoa; one is the sperm 
DNA fragmentation index (DFI) [13], which exami-
nes the functional assessment of male sperm ferti-
lity. Other methods include (chromatin structure 
assay (SCSA) testing, Terminal deoxynucleotidyl 
transferase dUTP, neck end labelling (TUNEL) as-
say, and Single-cell gel electrophoresis (COMET) 
assay) [12, 13].
The DFI identifies potential damage to the sperm 
based on its DNA integrity and damage; it is re-
garded as an important indicator of semen quality 
assessment quality [14]. 
The present study aimed to evaluate some impor-
tant risk factors associated with increased DFI and 
the clinical implications of DFI on the outcome of 
ICSI.

PATIENTS AND METHODS

Study design
This prospective cohort study was conducted at the 
Infertility Center in Kamal Al-Samarrai Hospital 
– Centre for Infertility Diagnosis and Assisted Re-
productive Technologies in Baghdad, Iraq, among 
patients recruited via simple random sampling. 
The study was performed from April 2023 to April 

2024. The Ethics Committee/College of Medicine; 
Mustansiriyah University (IRB No. 44 / January / 
2023). All participants gave written consent. 

Study population
Seventy-three infertile couples with male factor 
infertility, specifically the seminal fluid analysis 
mild oligo/asthenozoospermia in the whole sam-
ple, came to the outpatient clinic, and the decision 
for the ICSI program was made. Three sets of data 
were recorded: demographic criteria, including 
age, smoking status, and male body mass index 
(BMI). Semen samples were collected and analysed 
for standard seminal fluid analysis and DFI. Final-
ly, the outcome of ICSI was recorded (fertilization 
rates, number of good quality embryos and clinical 
pregnancy rates).

Inclusion criteria
All female partners were nulliparous, non-smokers, 
with an age range from 20-40 years, and had a BMI 
between 18.5-30 kg/m2. All were ovulating females 
with patent fallopian tubes, previous 3 intrauterine 
insemination failures (IUI) failure.

Exclusion criteria 
1. Any cause of female factor infertility was 
excluded; those with previous uterine surgery or 
smokers were omitted.
2. Male partners who gave testicular sperm or who 
had diabetes or other systemic illnesses, varicocele, 
prostatitis, fever, medications, recent exposure to 
X-rays, drug abuse, and exposure to toxic chemi-
cals. Full histories were recorded for both couples, 
specifically regarding the duration and causes of 
infertility. Drug histories were also evaluated. A 
pelvic examination was also performed. On day 
2 or 3 of the cycle, hormonal investigations were 
done on the female partner. 

Patient and public involvement
Iraqi female attending the Infertility centre in Ka-
mal Al-Samarrai Hospital – Centre for Infertility 
Diagnosis and Assisted Reproductive Technologies 
in Baghdad, Iraq.

Semen examination and analysis
Semen samples were collected by masturbation 
after abstaining for three to five days. The sperm 
concentration and motility of all samples were as-
sessed based on the World Health Organization 
(2010) guidelines [16]. Semen parameters including 
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the fertilization rate in ICSI (formation of the pro-
nuclei per 100 oocytes injected) was assessed [19]. 
After that, the embryo quality was assessed du-
ring development on day 3 before ET, according to 
Gardner and Schoolcraft in 1999 [20]. 1-3 embryos 
were transferred approximately 48 h (6-8 cell sta-
ges) after fertilization according to ASRUM embryo 
transfer guidelines according to the patient’s age 
and embryo quality [21].

Follow-up of the study groups
Luteal phase support with 400 mg progesterone 
vaginal suppositories inserted twice per day for 
2 weeks (Cyclogest pessaries, L.D. Collins & Co. 
Ltd. UK) on the oocyte retrieval day and continued 
for up to 12 weeks of pregnancy. Clinical pregnan-
cy was defined as a positive pregnancy test with 
ultrasound visualization of cardiac activity of the 
intrauterine gestation sac [22].

Statistical analysis
The data normality was checked using the Shapi-
ro-Wilks test. Student t-test and least significant 
difference-LSD were used to compare significant 
differences across different means. The chi-square 
test was used to compare significant differences 
between percentages. Pearson’s correlation test 
examined the strength of association between 
different variables. All tests used the Statistical 
Analysis System- SAS (2018) program. A P-value 
of less than 0.05 was set as the level of significance 
for all tests.

 
RESULTS

In Table 1, the study demographic criteria with 
respect to DFI categories were described. Cases 
with low DFI were significantly higher among 
age groups > 40 years. Cases with moderate and 
high DFI were significantly higher among cases 
aged 30-39 years; p < 0.0001. Cases with normal 
BMI had the highest percentage of low DFI and 
high DFI, while overweight cases scored highest 
in moderate DFI. All the differences were highly 
significant, with p < 0.0001. Non-smokers had 
the highest percentage of low DFI, while smokers 
had the highest percentage in moderate and high 
DFI with p < 0.0001.
Table 2 was correlated with the age and BMI of the 
study participants, showing a significant positive 
relationship (r = 0.46, 0.52) p < 0.05, respectively. 

(Semen volume (ml) after liquefied, concentration 
(106/ml), progressive motility (%), non-progressive 
motility (%), immotile sperms (%), morphological-
ly normal sperms (%), and number of round cells 
(106/ml)

DNA fragmentation test (DFI)
Semen samples were analysed for fragmented 
DNA by Sperms DNA fragmentation kit (DFI) test 
based on the sperm chromatin dispersion (SCD) 
technique, provided by halo view DNA Fragmen-
tation Kit; Shivani Scientific Industries (India). It 
involves a controlled DNA denaturation process 
to facilitate the subsequent removal of spermato-
zoon-containing proteins. In this way, the normal 
spermatozoa will create halos formed by loops of 
DNA at the head of the sperm, while sperms with 
damaged DNA will not form such halos. DFI was 
categorized in the following groups: low (15%), me-
dium (15-30%), and high more than (30%). 

Test summary
The semen sample is prepared as follows:
1.	 Prepare a working solution of Giemsa from the 

concentrated stock solution (Distilled water, 
Phosphate Buffered Saline, and Giemsa Stock 
Solution).

2.	 Sample Preparation: Immediately prepare a 
smear of the semen-agarose mixture on the aga-
rose-coated slide and place the coverslip. Keep 
the slide at 4 °C to allow the smear to solidify.

3.	 Denaturation & Lysis: Overlay with Slide off 
the coverslip, then overlay with denaturation 
solution, then with distilled water, then buffer 
solution.

4.	 Fixing & Staining.
5.	 Observe the slide under a compound microsco-

pe at 40X Brightfield.
DNA Fragmentation Index (DFI %) = DNA Fragmen-
ted Spermatozoa / Total Sperm Counted (Minimum 200) 
Brightfield [17].

IVF outcome
Seventy-three female partners whose male part-
ners had asthenospermia are (underwent an ICSI 
program by GnRH antagonist protocol and Fresh 
embryo transfer (ET). After ovum pickup and as-
sessment of the oocyte and embryo. The number, 
quality, and maturity of the oocytes retrieved were 
assessed according to the ESHRE grading system 
[18]. Oocytes were inseminated using ICSI sperm 
injection (16-18 h). After oocyte injection by sperm, 
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Table 1.  Distribution of study participants by demographic characteristics.  

Parameters Low DFI (< 15%) Moderate DFI (15 – 30%) High DFI (> 30%) P- value

Age (Year)

< 30 0 (0.00%) 10 (13.70%) 5 (6.84%)

30- 39  2 (2.73%) 26 (35.62%) 12 (16.44%) 0.0001**

≥ 40 3 (4.11%) 8 (10.96%) 7 (9.59%)

BMI Level (kg/m2)

Normal 3 (4.11%) 7 (5.59%) 10 (13.70%)

Overweight 2 (2.74%) 25 (34.25%) 6 (8.22%) 0.0001**

Obese 0 (0.00%) 12 (16.441%) 8 (10.96%)

Smoking status

Current smoker 0 (0.00%) 31 (42.47%) 13 (17.81%) 0.0001**

Non-smoker 5 (6.84%) 13 (17.81% 11 (15.07%)

**p ≤ 0.01.

Table 2.  Correlation of DFI versus demographic, seminal, and ICSI outcome.

Variable
DFI (%)

r P-value

Demographic criteria 

Age (Year) 0.46 0.001

BMI (kg/m2) 0.52 0.001

Semen parameters 3 (4.11%) 8 (10.96%)

Semen volume (ml) 0.03 0.817

Concentration (106/ml) -0.16 0.174

Progressive motility (%) -0.45** 0.0001

Non-progressive motility (%) 0.30** 0.009

Immotile (%) 0.31** 0.008

Normal morphology (%) -0.41 0.03

Round cell (106/ml) 0.17 0.143

ICSI Outcome

Clinical pregnancy -0.11 NS 0.317

Fertilization rate 0.002 NS 0.991

No. of Grade I embryo 0.08 NS 0.477

The correlation of DFI versus seminal fluid parame-
ters showed an insignificant positive link to semi-
nal volume and round cells (r = 0.03, 0.17) p > 0.05. 
Sperm concentration showed an insignificant inver-
se link to DFI (r = -0.16) p > 0.05. The percentage of 
progressively motile sperm and sperm morphology 
showed a moderate negative relationship to DFI (r 
= -0.45, -0.41) p = 0.0001, p = 0.03, while the percent 
of non-progressive and immotile sperm showed a 
weak positive statistically meaningful link to DFI 
(r = 0.3,0.31), p = 0.009, 0.008, respectively.
Age and BMI had no impact on ICSI outcomes as 
p > 0.05 while smoking status significantly im-
pacted the number of grade 1 embryos. Likewise, 
the seminal fluid concentration, volume, and the 
number of progressive motile sperms showed an 

insignificant effect on ICSI outcome; p > 0.05. The 
percentage of morphologically normal sperms 
significantly improved fertilization rates and the 
number of good-quality embryos with p < 0.049 
and 0.024, respectively. Finally, cases with low DFI 
had the highest fertilization rates and numbers of 
good-quality embryos with p < 0.042 and 0.0006, 
respectively (Table 3).
The effect of the DFI category on clinical pregnancy 
was interesting, as shown in Table 4. The highest 
percent (72.91) of cases who achieved pregnan-
cy were those with moderate DFI with a mean 
(of 18.44 ± 1.08), followed by those with high DFI 
(17.39%) with a mean (of 34.75 ± 2.05).
The highest percentage of couples who failed to 
achieve pregnancy were those who had moderate 

Figure 1.  No statistically significant values were found in DFI levels be-
tween cases with negative and positive pregnancy at ICSI cycles.
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Table 4.  Association between DFI fragmentation category and clinical pregnancy.

DFI Category DFI Category
Positive clinical pregnancy  (n = 23) Negative clinical pregnancy  (n= 50)

P-value
No. (%) Mean ± SD No. (%) Mean ± SD

Low (< 15%) 2 (4.70) 9.53 ±0.61 3 (6.00%) 11.84 ±0.73

Moderate (15 – 30%) 16 (72.91%) 18.44 ±1.08 27 (54.00%) 23.08 ±1.69 0.0001**

High (> 30%) 4 (17.39%) 34.75 ±2.05 20 (40.00%) 37.22 ±2.63

ve correlations with advancing age and BMI, which 
aligned with earlier works [23, 24].
The relation with age can be attributed to various 
oxidative stress exposures, environmental pollu-
tion, infection, and smoking, which inversely affect 
sperm integrity [25-27].
BMI’s relationship to increasing DFI was contro-
versial among scholars; a recent metanalytic study 
declared that the evidence behind that link is insuf-
ficient and requires further work [28].

Study strengths 
The present study highlighted DFI’s vital role in 
male fertility among Iraqi males with strict inclu-

DFI (54%) with a mean (23.08 ± 1.69), followed by 
high DFI cases (40%) with a mean (37.22 ± 2.63). Al-
though the DFI category affected ICSI outcome yet 
the mean DFI % across non-pregnant and pregnant 
did not. In Figure 1 the mean DFI% level was statisti-
cally insignificant between the two, with a p = 0.32.

DISCUSSION

Most of the infertile men in the current study 
had moderate DFI (60.3%), followed by high DFI 
(32.9%) finally, and 6.8% of them had low DFI. In 
correlation analysis, DFI showed significant positi-

Table 3.  The distribution of social characteristics and seminal fluid analysis according to fertilization and number of good quality embryos. 

Variable
Fertilization rate

Mean ± SD
P-value

No. of Grad 1 em-
bryo

Mean ± SD
P-value

Age (years)

< 30 68.74 ± 2.80 0.865 5.40 ± 1.10 0.217

30-39 65.93 ± 3.02 3.67 ± 0.46

≥ 40 67.19 ± 4.09 3.72 ± 0.44

BMI Level (Kg/m2)  

Normal 66.11 ± 2.79 0.587 4.45 ± 0.93 0.078

Overweight 68.22 ± 3.91 3.18 ± 0.31

Obese 65.21 ± 2.20 5.05 ± 0.74

Smoking status  

Current smoker 65.99 ± 2.87 0.521 3.50 ± 0.31 0.0358 *

Non smoker 68.07 ± 2.58 4.86 ± 0.76

Seminal fluid parameters  

Concentration (106/ml) > 15 61.62 ± 2.73 0.09 4.69 ± 0.31 0.06

< 15 67.94 ± 2.35 3.90 ± 0.43

Volume > 1.5 cc - -- - ---

< 1.5 cc 66.81 ± 2.01 4.04 ± 0.36

Progressive motility (%) > 32 63.39 ± 3.70 0.25 3.17 ± 0.28 0.08

< 32 68.39 ± 2.37 4.44 ± 0.51

Normal morphology (%) > 4 75.56 ± 7.83 0.0498* 2.33 ± 0.37 0.024*

< 4 65.58 ± 1.98 4.28 ± 0.40

DFI category     

Low (< 15%) 77.60 ± 9.17  4.58 ± 0.65  

Moderate (15-30%)  64.76 ± 2.63 0.0415 * 4.09 ± 0.46 0.0006 **

High (> 30%) 68.34 ± 3.14  1.00 ± 0.00  

BMI: body mass index; DFI: DNA Fragmentation Index.	
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sion and close follow-up. Moreover, it has included 
many confounders that inversely affect fertility, in-
cluding age, BMI, and smoking. 
Furthermore, the study comprehensively discussed 
the advantages of DFI in conjunction with SFA to 
shed more light on its roles. DFI can help select 
the best sperms and embryos that have the lowest 
DFI, which improves success odds for the ART te-
chnique. It can spot couples that are at risk of ferti-
lization failure, allowing an explanation or insight 
for those with repeated pregnancy losses or failed 
implantation. Moreover, it allows therapeutic in-
terventions; many aggress that DFI can be reduced 
with antioxidants, changing lifestyles, and quitting 
smoking, allowing a tailored ART strategy. The re-
duction of OS in couples with high DFI upscales 
their chances of conception both naturally or by 
assisted reproduction technique. Thus, DFI has a 
valuable diagnostic, therapeutic, and prognostic 
role in male fertility.

Study limitations 
Since the inclusion was so tight, the sampling size 
was relatively small. A multicentric study would 
bring better insight. Finally, the study type is 
another limitation; we recommend a case-control 
to verify DFI impact in normospermia males.

Interpretation and comparison with other literature
Both paternal age and BMI failed to have a mea-
ningful relationship to fertilization rates and the 
number of good quality embryos. As for smoking, 
it did not affect fertilization rates; however, it redu-
ced the number of good-quality embryos. Tanigu-
chi et al. discussed that paternal smoking will not 
affect fertilization and the number of good-quality 
embryos; still, it can affect the timing of the early 
stages of embryonic life [29].
The current data showed a negative association of 
DFI with sperm progressive motility and morpho-
logy, which was in line with Lourenço metanaly-
sis, which declared that higher oxidative stress was 
related to higher DFI. A dysfunctional mitochon-
drial function and higher rates of apoptosis among 
sperms with higher DFI were suggested underlying 
causes [30].
Ferrigno et al.’s [31] results confirmed that abnor-
mal sperm morphology was the best predictor for 
higher DFI concentration. Their study has further 
discussed an interesting concept: not all morpho-
logical normal sperms have normal DFI; sperms 
with high DFI were also reported in that category. 

Analysis showed that cases with low DFI had the 
highest fertilization rates and the number of go-
od-quality embryos. The adverse effect of frag-
mented DFI on sperm was evidenced by reduced 
fertilization rate; those cases with higher DFI have 
less sperm capable of fertilization [32, 33].
Furthermore, the number of blastocytes produ-
ced was also reduced. Oleszczuk et al. discus-
sed that 20% DFI increases the odds of having 
low-quality embryos [34], which is attributed 
to dysfunctional sperm kinetics that led to po-
or-quality embryos [35].
Some studies set a DFI value of <15% for better fer-
tilization and pregnancy rates. Others declared that 
DFI > 30 was linked to lower rates of implantation 
and pregnancy progression [36, 37].
The current study showed that the highest percent 
of cases who achieved pregnancy were those with 
moderate DFI, followed by those with low DFI; 
conversely, the highest percentage of those who 
failed to get pregnant had moderate and high DFI.
The study of Zhang et al. [38] confirmed the lack 
of a meaningful link between DFI vs cleavage, fer-
tilizations, implantations, and clinical pregnancy 
rates in ICSI cycles. Moreover, no link was found 
between miscarriage and life birth rates [38]. 
Zhu et al. looked at the impact of high DFI sperms 
on the outcome of fresh and frozen embryo transfer 
cycles in the ICSI cycle. They confirmed no signifi-
cant difference between biochemical and clinical pre-
gnancy rates as well as abortion rates in the studied 
groups. However, the delivery rate was higher in 
normal FDI cases among fresh embryo transfer [39].
Repalle et al. study examined the DFI effect on life 
birth rates among cases with unexplained infertility 
undergoing ICSI. Based on implantation and clinical 
pregnancy rates, they showed no difference in high 
and low DFI groups. Interestingly, in the adjusted 
regression model, DFI was a predictor of low cumu-
lative life birth rates and higher abortion rates [40].
Braga et al. examined the impact of sperm DFI and 
oocyte quality, which is an important confounder of 
ICSI outcomes. Presumably, oocytes are responsi-
ble for repairing sperm DNA during the transition 
of the oocyte embryo. Their results showed that 
cases with low DFI (less than 30%) yielded higher 
good-quality embryos, higher fertilization, and 
pregnancy rates irrespective of ova quality. On the 
other hand, cases with high DFI positively correlate 
with abortion rates [41].
Although an insignificant relation was found 
between DFI and ICSI outcomes still, the outcome 
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with respect to abortion and life delivery rates was 
reduced among high DFI cases [41, 42].
DNA fragmentation plays an important role in 
male infertility; it should be suspected whenever 
the IVF outcome is not good with a normal semen 
analysis [43-45].

CONCLUSIONS

The present study demonstrated a correlation 
between DFI (DNA fragmentation index) and de-
mographic characteristics of infertile males and se-
minal fluid parameters. This correlation provides an 
opportunity for therapeutic intervention by targe-
ting modifiable variables that contribute to increased 
sperm DFI. In addition, the DFI category allows the 
simultaneous selection of the most suitable sperm 
candidate to enhance the outcome of ICSI. Additio-
nal research is required to reveal DFI’s diagnostic, 
therapeutic, and prognostic significance.

COMPLIANCE WITH ETHICAL STANDARDS

Authors’ contribution
A.F., W.N.: Validation, visualization, statistical 
analysis. Z.A.J.: Conceptualization, methodology, 
project administration, software, supervision, va-
lidation, visualization. All authors: Data curation, 
investigations, writing – original draft, writing – 
review & editing.

Funding
None.

Study registration
N/A.

Disclosure of interests
The authors declare that they have no conflict of 
interests.

Ethical approval
The protocol was approved by the Mustansiriyah 
ethics committee of Obstetrics and Gynecology/
Iraq (NO: 44 in January 2023). 

Informed consent
Written informed consent was provided by all cou-
ples enrolled following the Declaration of Helsinki 
and local guidelines.

Data sharing
Data are available under reasonable request to the 
corresponding author.

ACKNOWLEDGEMENTS 

We acknowledge Mustansiriyah University’s sup-
port. 

REFERENCES 

1.	 Zegers-Hochschild F, Adamson GD, de Mou-
zon J, Ishihara O, Mansour R, Nygren K, et al. 
International Committee for Monitoring Assi-
sted Reproductive Technology (ICMART) and 
the World Health Organization (WHO) revi-
sed glossary of ART terminology, 2009. Fertil 
Steril. 2009;92(5):1520-4. doi: 10.1016/j.fertn-
stert.2009.09.009. 

2.	 Hanson B, Johnstone E, Dorais J, Silver B, Pe-
terson CM, Hotaling J. Female infertility, infer-
tility-associated diagnoses, and comorbidities: 
a review. J Assist Reprod Genet. 2017;34(2):167-
77. doi: 10.1007/s10815-016-0836-8.

3.	 Marchetti F, Bishop J, Gingerich J, Wyrobek AJ. 
Meiotic interstrand DNA damage escapes pa-
ternal repair and causes chromosomal aberra-
tions in the zygote by maternal misrepair. Sci 
Rep. 2015;5:7689. doi: 10.1038/srep07689. 

4.	 Santos R, Palos-Ladeiro M, Besnard A, Reggio 
J, Vulliet E, Porcher JM, et al. Parental exposu-
re to methyl methane sulfonate of three-spined 
stickleback: contribution of DNA damage in 
male and female germ cells to further deve-
lopment impairment in progeny. Ecotoxicolo-
gy. 2013;22(5):815-24. doi: 10.1007/s10646-013-
1088-3. 

5.	 Ferrigno A, Ruvolo G, Capra G, Serra N, Bosco 
L. Correlation between the DNA fragmentation 
index (DFI) and sperm morphology of infertile 
patients. J Assist Reprod Genet. 2021;38(4):979-
86. doi: 10.1007/s10815-021-02080-w. 

6.	 Gill K, Rosiak-Gill A, Jakubik J, Patorski L, 
Lukaszuk M, Piasecka M. The higher risk 
for sperm DNA damage in infertile men. Gi-
nekol Pol. 2019;90(12):684-91. doi: 10.5603/
GP.2019.0117.

7.	 González-Marín C, Gosálvez J, Roy R. Types, 
causes, detection and repair of DNA fragmen-
tation in animal and human sperm cells. Int J 



Ital J Gynaecol Obstet 2025, 37, N.1

102

Sperm DNA Fragmentation Index in ICSI

Mol Sci. 2012;13(11):14026-52. doi: 10.3390/
ijms131114026. 

8.	 Siddhartha N, Reddy NS, Pandurangi M, Muthu-
samy T, Vembu R, Kasinathan K. The Effect of 
Sperm DNA Fragmentation Index on the Outco-
me of Intrauterine Insemination and Intracyto-
plasmic Sperm Injection. J Hum Reprod Sci. 
2019;12(3):189-98. doi: 10.4103/jhrs.JHRS_22_19. 

9.	 Babaei K, Aziminezhad M, Mirzajani E, Mozda-
rani H, Sharami SH, Norollahi SE, et al. A critical 
review of the recent concept of regulatory perfor-
mance of DNA Methylations, and DNA methyl-
transferase enzymes alongside the induction of 
immune microenvironment elements in recur-
rent pregnancy loss. Toxicol Rep. 2024;12:546-
63. doi: 10.1016/j.toxrep.2024.05.001.

10.	 Dutta S, Henkel R, Agarwal A. Comparative 
analysis of tests used to assess sperm chroma-
tin integrity and DNA fragmentation. Androlo-
gia.;53(2):e13718. doi: 10.1111/and.13718.

11.	 Helmi ZR, Hameed BH. CYP24A1 Gene Expres-
sion in Spermatozoa of Human and Other 
Oxidation Level Controlling Enzymes as Bio-
markers of Infertility. J Obstet Gynaecol India. 
2022;72(Suppl 1):290-4. doi: 10.1007/s13224-
021-01608-5.

12.	 Cannarella R, Shah R, Saleh R, Boitrelle F, Ha-
moda TAA, Singh R, et al . Effects of Varicoce-
le Repair on Sperm DNA Fragmentation and 
Seminal Malondialdehyde Levels in Infer-
tile Men with Clinical Varicocele: A Syste-
matic Review and Meta-Analysis. World J 
Mens Health. 2024;42(2):321-37. doi: 10.5534/
wjmh.230235.

13.	 Evenson DP, Larson KL, Jost LK. Sperm chroma-
tin structure assay: its clinical use for detecting 
sperm DNA fragmentation in male infertili-
ty and comparisons with other techniques. J 
Androl. 2002;23(1):25-43. doi: 10.1002/j.1939-
4640.2002.tb02599.x.

14.	 Alahmar AT, Singh R, Palani A. Sperm DNA 
Fragmentation in Reproductive Medicine: A Re-
view. J Hum Reprod Sci. 2022;15(3):206-218. doi: 
10.4103/jhrs.jhrs_82_22.

15.	 Barratt CL, Aitken RJ, Björndahl L, Carrell DT, 
de Boer P, Kvist U, et al. Sperm DNA: organi-
zation, protection and vulnerability: from ba-
sic science to clinical applications--a position 
report. Hum Reprod. 2010 ;25(4):824-38. doi: 
10.1093/humrep/dep465. 

16.	 Cooper TG, Noonan E, von Eckardstein S, Au-
ger J, Baker HW, Behre HM, et al. World He-

alth Organization reference values for human 
semen characteristics. Hum Reprod Upda-
te. 2010;16(3):231-45. doi: 10.1093/humupd/
dmp048.

17.	 Santi D, Spaggiari G, Simoni M. Sperm DNA 
fragmentation index as a promising predictive 
tool for male infertility diagnosis and treatment 
management - meta-analyses. Reprod Bio-
med Online. 2018;37(3):315-26. doi: 10.1016/j.
rbmo.2018.06.023.

18.	  Restelli L, Delle Noci S, Mangiarini A, Ferra-
ri S, Somigliana E, Paffoni A. The impact of 
Alpha/ESHRE consensus regarding oocytes 
with aggregates of smooth endoplasmic reticu-
lum (SERa) on in vitro fertilization outcome. J 
Assist Reprod Genet. 2015;32(11):1629-35. doi: 
10.1007/s10815-015-0583-2. 

19.	 Khamsi F, Yavas Y, Roberge S, Wong JC, Lacanna 
IC, Endman M. Intracytoplasmic sperm injection 
increased fertilization and good-quality embryo 
formation in patients with non-male factor in-
dications for in vitro fertilization: a prospective 
randomized study. Fertil Steril. 2001;75(2):342-
7. doi: 10.1016/s0015-0282(00)01674-5.

20.	 Gardner DK, Schoolcraft WB. Culture and tran-
sfer of human blastocysts. Curr Opin Obstet Gy-
necol. 1999;11(3):307-11. doi: 10.1097/00001703-
199906000-00013.

21.	 Practice Committee of the American Society 
for Reproductive Medicine and the Practice 
Committee for the Society for Assisted Repro-
ductive Technologies. Guidance on the limits to 
the number of embryos to transfer: a commit-
tee opinion. Fertil Steril. 2021;116(3):651-4. doi: 
10.1016/j.fertnstert.2021.06.050. 

22.	 Nori W, Helmi ZR. Can follicular fluid 
8-oxo-2’-deoxyguanosine predict the clinical 
outcomes in ICSI cycle among couples with 
normospermia male? Obstet Gynecol Sci. 
2023;66(5):430-40. doi: 10.5468/ogs.22170. 

23.	 Le MT, Nguyen TAT, Nguyen HTT, Nguyen 
TTT, Nguyen VT, Le DD, et al. Does sperm 
DNA fragmentation correlate with semen para-
meters? Reprod Med Biol. 2019;18(4):390-6. doi: 
10.1002/rmb2.12297. 

24.	 Nori W, Raad Helmi Z, Hameed Humadi M, 
Ali Kassim Kassim M, Cosmin Pantazi A. The 
effect of advancing paternal age on seminal 
fluid parameters in Iraqi males attending in-
fertility center: an observational study. Al-
Anbar Med J. 2024;20(2):126-31.doi: 10.33091/
amj.2023.141797.1263.



103

Sperm DNA Fragmentation Index in ICSI Amenah Fadhil, Wassan Nori, Zainab Abdul Ameer Jaafar

25.	 Okubo T, Onda N, Hayashi T, Kobayashi T, Omi 
K, Segawa T. Performing a sperm DNA frag-
mentation test in addition to semen examina-
tion based on the WHO criteria can be a more 
accurate diagnosis of IVF outcomes. BMC Urol. 
2023;23(1):78. doi: 10.1186/s12894-023-01257-y. 

26.	 Nori W, Salman DA. Seminal fluid changes in the 
COVID-19 era: during infection and post-vacci-
nation. Gynecol Obstet Clin Med. 2023;3(2):88-
93. doi: 10.1016/j.gocm.2023.04.001

27.	 Rayapati RS, Mantravadi KC, Gedela DR. 
O-298 Advanced paternal age men with rai-
sed sperm DFI-optimizing sperm selection 
to improve reproductive outcomes. Hum Re-
prod. 2022;37(Supplement_1):deac106-091.
doi:10.1093/humrep/deac106.091

28.	 Sepidarkish M, Maleki-Hajiagha A, Maroufiza-
deh S, Rezaeinejad M, Almasi-Hashiani A, Ra-
zavi M. The effect of body mass index on sperm 
DNA fragmentation: a systematic review and 
meta-analysis. Int J Obes (Lond). 2020;44(3):549-
58. doi: 10.1038/s41366-020-0524-8. 

29.	 Taniguchi R, Hatakeyama S, Ohgi S, Yanaiha-
ra A. Effect of Male Cigarette Smoking on In 
Vitro Fertilization (IVF) Outcomes and Em-
bryo Morphokinetic Parameters. Cureus. 
2024;16(1):e52788.. doi: 10.7759/cureus.52788.

30.	 Lourenço ML, Moura GA, Rocha YM, Rodri-
gues JPV, Monteiro PB. Impact of sperm DNA 
fragmentation on the clinical outcome of as-
sisted reproduction techniques: a systematic 
review of the last five years. JBRA Assist Re-
prod. 2023;27(2):282-91. doi: 10.5935/1518-
0557.20220057. 

31.	 Ferrigno A, Ruvolo G, Capra G, Serra N, Bosco 
L. Correlation between the DNA fragmentation 
index (DFI) and sperm morphology of infertile 
patients. J Assist Reprod Genet. 2021;38(4):979-
86. doi: 10.1007/s10815-021-02080-w. 

32.	 Wang QX, Wang X, Yu MY, Sun H, Wang D, 
Zhong SP, et al. Random sperm DNA fragmen-
tation index is not associated with clinical outco-
mes in day-3 frozen embryo transfer. Asian J 
Androl. 2022;24(1):109-15. doi: 10.4103/aja.
aja_17_21. 

33.	 Tello-Mora P, Tello-Mora P, Hernández-Cadena 
L, Pedraza J, López-Bayghen E, Quintanilla-Ve-
ga B. Acrosome reaction and chromatin integri-
ty as additional parameters of semen analysis to 
predict fertilization and blastocyst rates. Reprod 
Biol Endocrinol. 2018;16(1):102. doi: 10.1186/
s12958-018-0408-0. 

34.	 Oleszczuk K, Giwercman A, Bungum M. 
Sperm chromatin structure assay in prediction 
of in vitro fertilization outcome. Andrology. 
2016;4(2):290-6. doi: 10.1111/andr.12153.

35.	 Anbari F, Khalili MA, Agha-Rahimi A, Maleki 
B, Nabi A, Esfandiari N. Does sperm DNA frag-
mentation have negative impact on embryo 
morphology and morphokinetics in IVF pro-
gramme? Andrologia. 2020;52(11):e13798. doi: 
10.1111/and.13798.

36.	 Hervás I, Pacheco A, Rivera-Egea R, Gil Julia 
M, Navarro-Gomezlechon A, Garrido N. IVF/
ICSI cumulative live birth rates per consumed 
oocyte remain comparable regardless of sperm 
DNA fragmentation by TUNEL. Reprod Bio-
med Online. 2022;44(6):1079-89. doi: 10.1016/j.
rbmo.2022.02.010.

37.	 Zhu C, Zhang S, Chen F, She H, Ju Y, Wen X, et 
al. Correlations between elevated basal sperm 
DNA fragmentation and the clinical outcomes 
in women undergoing IUI. Front Endocrinol 
(Lausanne). 2022;13:987812. doi: 10.3389/fen-
do.2022.987812. 

38.	 Zhang H, Zhu FY, He XJ, Tang SH, Long T, Peng 
L, et al. The influence and mechanistic action of 
sperm DNA fragmentation index on the outco-
mes of assisted reproduction technology. Open 
Life Sci. 2023;18(1):20220597. doi: 10.1515/biol-
2022-0597.

39.	 Zhu C, Chen F, Zhang S, She H, Ju Y, Wen X, 
et al. Influence of sperm DNA fragmentation 
on the clinical outcome of in vitro fertiliza-
tion-embryo transfer (IVF-ET). Front Endocri-
nol (Lausanne). 2022;13:945242. doi: 10.3389/
fendo.2022.945242.

40.	 Repalle D, Saritha K, Bhandari S. Sperm 
DNA fragmentation negatively influen-
ces the cumulative live birth rate in the in-
tracytoplasmic sperm injection cycles of cou-
ples with unexplained infertility. Clin Exp 
Reprod Med. 2022;49:185-95. doi: 10.5653/
cerm.2021.05169.

41.	 Braga DPAF, Setti A, Morishima C, Proven-
za RR, Iaconelli A Jr, Borges E Jr. The effect 
of sperm DNA fragmentation on ICSI outco-
mes depending on oocyte quality. Andrology. 
2023;11(8):1682-93. doi: 10.1111/andr.13435. 

42.	 Abohashim MF, Lashin ME, Harb OA, Abdou 
AM. Association between diminished ova-
rian reserve and recurrent pregnancy loss: 
a comparative study. Ital J Gynaecol Obstet. 
2023;35(4):475-80. doi: 10.36129/jog.2022.87.



Ital J Gynaecol Obstet 2025, 37, N.1

104

Sperm DNA Fragmentation Index in ICSI

43.	 Tesarik J, Greco E, Mendoza C. Late, but not early, 
paternal effect on human embryo development is 
related to sperm DNA fragmentation. Hum Reprod. 
2004;19(3):611-5. doi: 10.1093/humrep/deh127. 

44.	 Agarwal A, Mulgund A, Hamada A, Chyatte 
MR. A unique view on male infertility around 
the globe. Reprod Biol Endocrinol. 2015;13:37. 
doi: 10.1186/s12958-015-0032-1.

45.	 Ibrahem MA, Hamed BM, Elasy AN. Endo-
metrial sonographic parameters in predi-
ction of intracytoplasmic sperm injection 
outcome following fresh embryo transfer 
in normal responders: a cohort study. Ital 
J Gynaecol Obstet. 2023;35(4):493-502. doi: 
10.36129/jog.2022.91.




