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The commentary by Drs. Garrido, Rivera and Luján (1), in 
response to the practice recommendations by Agarwal et al. (2),  
is a valuable addition to the debate on sperm DNA 
fragmentation (SDF). We want to supplement their 
information as well as provide our opinion on several 
important points raised by the authors.

The authors (Garrido et al.) raised concern on the possible 
negative consequences of sperm DNA damage by stating that 
“…damaged DNA in sperm could lead to worse reproductive 
results or mid-long term health problems in offspring, given 
that this is the way genetic information is delivered to the next 
generation” (1). We certainly concur with their concern but, 
as opposed to the authors’ view, we believe that the current 
evidence is not reassuring. Although it is well known that 
intracytoplasmic sperm injection (ICSI) has revolutionized 
the treatment of male infertility and allowed the most severe 
form of male factors to be bypassed, however, animal studies 
have provided unequivocal result that sperm DNA damage 
leads to deleterious effect on offspring (3-5). ICSI with DNA-
fragmented sperm in mouse can result in premature ageing, 
aberrant growth, and increased incidence of tumors in the 
offspring (6).The possible link between SDF and defects in 
human offsprings is best illustrated by the effect of smoking 
and paternal age. Heavy smokers have higher levels of  
SDF (7) and this may correspond to the higher incidence 
of childhood cancer in the offspring of heavy smokers (8,9).  
Impaired sperm DNA integrity is also associated with 
advanced paternal age (10). The advanced paternal 
age has been linked to dominant genetic diseases (11),  

schizophrenia (12), and birth defects (13). Despite this 
evidence, the relationship between SDF and genetic defect can 
only be fully answered by longitudinal studies with sufficient 
samples and duration. It is definitely too early to conclude the 
safety of ICSI since it was introduced into clinical practice 
only three decades ago. The unknown and potentially lethal 
consequence of passing aberrant genetic information to the 
next generation should be taken seriously. Correction of SDF 
before recommending assisted reproductive technologies 
(ART) should be the preferred approach as far as possible.

The presence of oocyte repair machinery for sperm DNA 
damage may serve as another safety check to avoid passage 
of defective genetic information. However, not all types of 
sperm DNA break, for example, extensive double stranded 
DNA breaks, are repairable (14). Irradiated sperm with 
DNA damage was shown to retain the ability to fertilize the 
oocyte, but the embryonic development was significantly 
affected in a dose-response fashion. The oocyte has the 
ability to repair sperm DNA damage of less than 8% (15).  
Even though there is a lack of human data at this time, 
animal studies show that female mice with defective DNA 
double-stranded break repair had increased frequencies of 
zygotes with sperm-derived chromosomal aberrations when 
fertilized by sperm with irradiation-induced double-stranded 
DNA breaks. The chromosome-type aberration, which 
affect both sister chromatids, resulted in high embryonic 
lethality (16). It is suggested that good oocyte quality may 
overcome the negative impact of high SDF (17). Results of 
a retrospective clinical study showed that the live-birth and 
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implantation rates during IVF/ICSI cycles in women with 
reduced ovarian reserve were significantly decreased when 
SDF exceeded 27.3%. While the risk of early abortion was 
increased in women with normal ovarian reserve in face of 
high SDF, the clinical pregnancy, live-birth and implantation 
rates were not affected (18). However, there is a lack of 
reliable biochemical or molecular marker of oocyte status. 
There is also no widely accepted criteria or grading method 
for microscopic oocyte morphological evaluation (19).  
Different clinical studies have used various definition of 
oocyte status (18). It is important to note that the use of 
good quality oocyte in compensating high SDF is not 
realistic from a clinical point of view since male and female 
factors often co-exist in a couple. For example, advanced 
age in a couple may contribute to high SDF and impaired 
oocyte quality simultaneously leading to poor reproductive 
outcomes. The use of donor oocyte or donor sperm in 
overcoming the male or female factor respectively in these 
cases is impractical and certainly not widely accepted.

Currently, SDF tests are often criticized for their inability 
to differentiate the exact type and nature of DNA breaks. 
Since sperm DNA breaks also occur in fertile males during 
the process of chromatin condensation (20), the unknown 
identity of a particular sperm DNA break may impair the 
clinical significance of the test result. On the other hand, 
the correlation between SDF and natural pregnancy/ART/
miscarriage has been demonstrated despite a wide variety of 
testing methods employed (21). We agree that there is no 
single gold standard test for SDF at the moment; however 
the results of a recent study between two laboratories located 
in Cleveland, USA and Basel, Switzerland with terminal 
deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) assay are promising as it provides a very high 
degree of accuracy between different laboratories when using 
a similar optimized test protocol, instrument and test kits (22).  
But it is essential to recognize the role of SDF tests as a 
reflection of the general status of sperm quality, which may 
not be reflected by conventional semen parameters (23). 
The unique nature of SDF test in providing information 
on important sperm DNA content represents the largest 
breakthrough in male infertility over the last two decades.

We agree with authors’ viewpoint that “…any markers 
in sperm will hardly predict the results of combining sperm 
with oocytes and then endometrial receptivity…”. The 
statement reflects the complexity of human reproduction 
and the inherent difficulty in research with a huge number 
of confounding factors. It is unlikely that SDF assay alone 
will accurately predict pregnancy outcomes which is widely 

influenced by concomitant female factors (20,24). The 
negative impact of SDF on time to pregnancy was clearly 
illustrated by the Longitudinal Investigation of Fertility and 
Environment (LIFE) (25) and the Danish First Pregnancy 
Planner (26) studies. In addition to SDF, several semen 
measures and male age were identified as associated with time 
to pregnancy (25). It signifies that SDF should not be used in 
isolation. However, its important role and predictive value in 
conjunction of other parameters makes it a valuable tool.

Lastly, SDF tests are currently incapable to assess DNA 
content of a single sperm and directly assist the ICSI 
procedure by selecting the best spermatozoon for injection. 
Several treatment strategies including sperm preparation (27), 
sperm selection (28) and use of testicular sperm (29) have been 
proposed with varying success. SDF tests, although are unable 
to select a single best spermatozoon for reproductive purposes, 
it has a pivotal role in altering the management plan in selected 
groups of patients as suggested by Agarwal et al. (2).

In summary, Garrido et al. have written a critical 
review on the limitation and current status of SDF tests. 
Their insight on the current limitation of SDF tests sheds 
light on the direction of future advancement. Both the 
quantity and quality of publications in the field of SDF has 
advanced dramatically over the past 25 years. We envisage 
better standardization of the test in the coming years with 
continuous efforts of worldwide researchers and clinicians. 
The practice recommendations proposed by Agarwal 
et al. (2) highlighted several areas where SDF tests are 
potentially more useful in patient management based on 
the currently available evidence. Nonetheless, we believe 
that the application of the test should not be limited by the 
practice recommendations alone as a wider application of 
the test and more extensive clinical experience are critical 
in ascertaining the true significance of SDF tests in the 
treatment algorithm of infertile couples.
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