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INTRODUCTION 

Male infertility associated with sperm DNA alteration has 

raised a new issue in Assisted reproduction techniques 

(ARTs).  Close relationship between DNA fragmentation 

and poor semen quality is reported by many researchers. 

Although, relationship between sperm DNA fragmentation 

and outcome of assisted reproduction treatment has been 

admitted, still it remains a subject of controversy.  Some 

authors reported that high levels of DNA damage have 

been associated with decreased fertilization rates, embryo 

quality and pregnancy rates, while having no influence on 

reproductive outcome in other studies.1-4 This close 

relationship is particularly important in ARTs, where the 

sperm introduced is often selected by ICSI. It is reported 

that sperm DNA fragmentation significantly affects 

embryo post-implantation development in ICSI. Clinical 

pregnancy and pregnancy loss rates were significantly 

different in patients with high and low sperm DNA 

fragmentation.5  

When the embryonic genome is participating in the 

metabolism of the embryo, it may cause reduction in the 

number of blastocysts with high DFI. Several authors have 

observed, using SCSA, or using TUNEL that higher DNA 

fragmentation causes a significantly lower pregnancy rate 

from IVF and/or ICSI treatment.6-8  The oocyte may also 

play a major role in determining the risks for pregnancy 

loss and frequencies of offspring with genetic defects of 

paternal origin as  experimental evidence in a number of 
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ABSTRACT 

Background: Male infertility associated with sperm DNA alteration has raised a new issue in assisted reproduction 

techniques (ARTs). 
Methods: It was a retrospective analytical study on 250 cases of routine IVF/ICSI performed at Swagat ART Centre 

from January 2017 to January 2020. We divided the patient according to the sperm DNA fragmentation index (DFI) as 

normal DFI≤15%, n=95, a moderate DFI≤30%, n=89, and a high DFI group >30%, n=66. Oocytes of each patient were 

almost equally divided and fertilization method was adopted as half IVF half ICSI or only ICSI in poor quality (oligo, 

astheno, teratozoospermia or with two or all three defect and compared the fertilization, cleavage, embryo formation, 

blastocyst formation, pregnancy and early embryo formation rate among these six groups.   
Results: Fertilization, cleavage, embryo formation, and clinical pregnancy rates were reported as higher in ≤15% DFI 

group of both IVF and ICSI-ET (87.3±26.2, 77.7±26.1, 68.2±28.8, 50.8 in IVF and 78.3±17.8, 70.3±31.2, 67.2±28.8, 

57.6 respectively). Significant differences (p<0.01) are observed among all six groups. Higher abortion rate is observed 

in high DFI group of both IVF and ICSI. 
Conclusions: High sperm DFI causes low blastocyst formation and pregnancy outcome.  Higher abortion rate observed 

in high DFI group indicated need of further study. 
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in-vivo and in-vitro systems reported that the vertebrate 

oocyte is capable of repairing endogenous and exogenous 

DNA damage.9,10  

However, there is very little information on the possible 

consequences that fertilization, using sperm with deviating 

chromatin organization, may have impact on embryo 

development, implantation, gestation and offspring.11 The 

aim of the study was to find out the effect of sperm DNA 

fragmentation on fertilization, cleavage, blastocyst 

formation, implantation, pregnancy and abortion rate of 

normal female adopting both IVF and ICSI technique. 

METHODS 

It was a retrospective analytical study of 250 cases of 

routine IVF/ICSI-ET performed at Swagat ART Centre 

from January 2017 to January 2020. We divided the patient 

according to the sperm DNA fragmentation index (DFI) as 

normal DFI≤15%, n=95, a Moderate DFI≤30%, n=89, and 

a high DFI group>30%, n=66. Oocytes of each patient 

were almost equally divided and fertilization method were 

adopted as half IVF half ICSI or only ICSI in poor quality 

(oligo, astheno, teratozoospermia or with two or all three 

defects semen) and compared the fertilization, cleavage 

and blastocyst formation rate among these six group.    

All female patients were <42 years of age. Only IVF and 

ICSI fresh cycles were reported. Semen samples were 

collected from men after they masturbated in the 

laboratory at 3 to 5 days abstinence. Semen samples were 

evaluated 15-30 minutes after collection for sperm 

motility, vitality, concentration, and morphology in 

accordance with the 2010 guidelines of the WHO. 

Sperm DNA fragmentation was measured using a Sperm 

Chroma Kit. DFI was expressed as total number of sperm 

without halo/total number of sperm counter×100 with 

consideration of Normal reference value/Range for DFI 

index as (a) normal: DFI<15%; (b) good/fair: DFI≥15% 

and DFI≤30%; and (c) abnormal: DFI>30%. 

Semen samples were prepared using pure sperm double 

layer (40% and 80%) density gradient medium followed 

by swim-up method. A long down-regulation protocol was 

used for patients with normal ovarian reserve.  

Patients with reduced reserve were stimulated with 

antagonist drug regimen and high starting dose of 

gonadotrophins. Follicular growth was monitored by 

ultrasound scans from day 7 of stimulation. When at least 

two leading follicles reached the diameter of 18 mm hCG 

was administered. Ovum pick-up (OPU) was planned 36 

hr post-hCG injection.  

Insemination was done after 4 hr of OPU for IVF and for 

ICSI patients oocytes were denuded after 2 hr of OPU 

followed by ICSI at 3 to 4 hr respectively. Fertilization was 

evaluated at 18-20 hr post-insemination. Fertilization and 

embryo culture was done in Vitromed single-step medium 

covered by oil till blastocyst. Although single- step 

medium used, embryos were transferred to a new culture 

dishes in every alternate day.  

Embryos were scored as per Istanbul embryo grading 

methods. Good quality embryos on D3 or blastocysts on 

day 5 (D5) were selected and transferred, and progesterone 

support was provided to the patient. Serum β-hCG levels 

were measured 14 days after embryo transfer.  

Clinical pregnancy was confirmed by intrauterine 

pregnancy with a normal fetal heart rate seen on ultrasound 

7-8 weeks after embryo transfer. Loss of the fetus within 

12 weeks of pregnancy was classified as an early abortion. 

Statistical analysis 

Statistical analysis was done by using Microsoft excel 

version 2016. 

RESULTS 

Effect of DFI on fertilization and cleavage rate 

Embryos with 2 PN after 16-18 hr insemination were 

considered fertilized and the fertilization rate was 

calculated as the number of embryos with 2PN out of total 

no. oocytes inseminated or injected and it is represented as 

percentage. Cleavage rate was calculated as the percentage 

of the number of embryos at day 2 of the cycle having 4 or 

more cells per embryos out of the number of initial 2PN 

embryos. Result shows significant differences in 

fertilization and cleavage rate among groups (p<0.01). 

Effect of DFI on blastocysts formation at day 5 after 

fertilization   

Total no. of blastocysts obtained out of cleaved embryos 

were observed at D5 and then considered for D5 blastocyst 

transfer to those patients whose cleavage stage embryo 

score were good and at-least 1-2 blastocyst were expected 

on D5. Results show lower blastocyst formation rate in 

higher DFI group irrespective of IVF or ICSI. There is 

significant difference (p<0.01) in blastocyst formation rate 

in between all groups. 

Effect of DFI on clinical pregnancy rate 

This result indicates that the sperm used for IVF or ICSI 

having a moderate DFI≤30% and a high DFI group>30% 

DFI was associated with a lower clinical pregnancy rate 

than the sperm used for IVF or ICSI having a normal 

DFI≤15%.  

Effect of DFI on abortion rate 

Results show lower pregnancy and higher abortion rate in 

high DFI>30% group. Significant differences were 

observed in between groups. Percentage of pregnancy rate 

was higher in ICSI group. 
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Table 1: The relationship between sperm DNA fragmentation index (DFI) and in vitro fertilization (IVF)/ 

Intracytoplasmic sperm injection (ICSI) outcome. 

DFI group 
IVF   

P 
ICSI   

P 
≤15% ≤30% >30% ≤15% ≤30% >30% 

Cycle (N) 45 40 30  50 49 36  

Female age (years) 32.3 ± 5.0 32.4±5.5 33.1±5.8 5.96 32.4±5.5 31.3±5.0 32.5±5.8 <0.01 

Female BMI (kg/m2) 22.9±3.1  23.0±2.9 22.7±3.0 1.49 23.0±3.0 22.7±3.1 22.9±3.1 1.49 

Male age (years) 36.8 ± 5.3  37.4 ±5.0 37.8 ± 5.2 6.05 37.4 ±5.0 36.8± 5.3 39.4± 5.3 <0.01 

DFI (%) 8.5±3.3  20.6±4.0 38.8±7.4 0.12 
8.4±3.6; 

43.9±12.4 
22.0±4.4 40.9±12.4 <0.01 

Oocytes (N) 6.9±6.5  5.1±5.6 6.2±5.6 0.01 6.8±4.9  6.2±6.8 7.2±6.8 <0.01 

Fertilization rate (%) 87.3±26.2  78.2±25.8  77.2±25.8  <0.01 78.3±17.8  72.3±17.8  70.3±17.8  <0.01 

 Cleavage rate (%) 77.7±26.1  74.3±27.2  70.1±31.3  <0.01 70.3±31.2  69.3±31.2  65.3±31.2  <0.01 

Good embryo rate (%) 68.2±28.8 66.8±26.9  58.2±28.8 0.<02 67.2±28.8 66.8±26.9  56.8±26.9  <0.01 

Blastocyst (N) 2.1±2.5 1.7± 2.3 1.5±2.0 <0.01 2.3±2.4  1.8±2.7 0.9±2.7 <0.01 

Embryos n trans (N) 1.78±0.41 1.71±0.46 1.73±0.45 <0.01 1.79±0.40 1.74±0.40 1.70±0.40 <0.01 

Clinical pregnancy rate 

(%) 
50.8   45.7  43.2  <0.01 57.6   62.3  51.4 <0.01 

Early abortion rate (%) 7.0    8.2 9.0 <0.01 6.3 7.0 7.2 <0.01 

 

Figure 1: The relationship between sperm DNA fragmentation index (DFI) and In vitro fertilization (IVF) outcome. 

 

Figure 2: The relationship between sperm DNA fragmentation index (DFI) and Intra cytoplasmic sperm                   

injection (ICSI) outcome. 
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DISCUSSION  

Sperm DNA fragmentation (SDF) mostly occurs during 

spermatogenesis and maturation which can directly affect 

the sperm’s normal functions.12 Three major factors 

known to cause sperm DNA damage are reported as 

abnormal sperm chromatin assembly, aberrant apoptosis 

of sperm cells, and excessive oxidative stress.13,14 Broken 

DNA fragments are produced in sperm cells as a result of 

damaged chromosomes and impaired DNA.15 During 

sperm maturation, histones are gradually replaced by the 

smaller arginine- and cysteine-rich protamine (HP), a 

process that reduces the ability of sperm DNA to repair 

itself in response to changes in the internal and external 

environments.14 Many investigators believe that SDF has 

a negative impact on embryo quality and pregnancy 

outcomes following IVF/ICSI.16,17  

Studies  found that high sperm DFI is not only related to 

reduced fertilization rate and poor embryo quality in IVF, 

but it is also associated with decreased rates of 

pregnancy.18 However, recent studies suggest that sperm 

DFI has no correlation with fertilization rates, and high 

DFIs do not affect the development of embryos or 

pregnancy outcomes following IVF/ICSI.4,19  In this study, 

we found that both the fertilization rates and the rates of 

good quality embryos decreased as the sperm DFI 

increased, there was  significant difference in either rate 

between groups (p<0.01). These results indicate that sperm 

DFI may be a predictor of the fertilization rate or embryo 

development, which is inconsistent with the conclusion of 

some other studies.19  

Our study also bring into notice the relationship between 

sperm DNA fragmentation and early abortion. Our data 

seem to indicate that, in IVF, patients with high DNA 

fragmentation had significantly higher pregnancy loss 

rates compared to patients with low DNA fragmentation 

(p<0.01). These data would seem to substantiate with some 

other studies evaluating the paternal influence on the 

etiology of early spontaneous miscarriage.20 The onset of 

biochemical pregnancy or early miscarriage may be the 

result of defective embryo formation due to the use of 

genetically abnormal sperm in paternal side.  

The oocyte is able to trigger repair mechanisms in those 

cases where it recognizes the presence of sperm damaged 

DNA to some extent.  Some authors reported an 

association between high DFI and abortion after ICSI.21,22 

Our studies also observed high abortion rate in high DFI 

group irrespective of IVF/ICSI. However, ICSI cases 

showed comparatively lower abortion rate than IVF. 

We hope that our findings would be an addition in this new 

insight of effect of sperm DNA fragmentation on IVF and 

ICSI outcomes.  

However, prime limitations of our study were less no. of 

cases, single ART centre datas, financial, advanced 

laboratory as well as transportational facilities to carry out 

genectic studies on embryos etc. 

CONCLUSION 

In conclusion, our data indicate that sperm DNA 

fragmentation significantly affects embryo post-

implantation development in both IVF and ICSI. Clinical 

pregnancy and pregnancy loss rates were significantly 

different in patients with high and low sperm DNA 

fragmentation. DNA fragmentation may compromise 

progression of pregnancy, resulting in spontaneous 

miscarriage following ART. In view of the importance of 

sperm DNA integrity, the actual cause of DNA damage 

needs to be assessed carefully with a view to identify 

proper therapeutic treatment. Furthermore, the 

development and correct use of methods for selecting 

sperm with undamaged DNA should also be ruled out. 
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