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Abstract

A standardised value for characterization of sperm DNA fragmentation 
(SDF) and fertility prediction in patients is regarded as controversial and is one 
of the primary reasons why the assessment of the sperm DNA is not commonly 
incorporated into the routine seminogram. To address this conundrum we 
have conducted an analysis of the incidence of sperm DNA damage between 
sperm donors and a random cohort of males requested for a first seminogram. 
The underlying assumption was that sperm DNA damage is a neutral sperm 
characteristic and differences would not be expected between both cohorts. 
We analyzed SDF using the sperm chromatin dispersion assay in two large 
cohorts of individuals that included a comparison of seminograms from 210 
sperm donors and 775 couples presenting to the clinic for first time. Results of 
the analysis revealed that sperm DNA damage cannot be considered as neutral 
parameter between the two populations (Donor: SDF Mean = 10.7; SD: 8.7; 
First seminogram: Mean =29.2; SD: 17.6; U-Mann-Whitney 20486; P 0.000). 
Receiving operating characteristics curves constructed under the parameters 
of this study showed that a SDF value of 16% was able to discriminate both 
cohorts of individuals with a sensitivity of 85% and a specificity of 75%. We 
suggest that when clinics are selecting for sperm donors, they are also likely to 
be indirectly selecting for a level of SDF which is in the order of 20 points lower 
than the level found in those couples presenting to the clinic for the first time.
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Given the controversy that abounds about the actual role of 
SDF in fertility and for the purposes of this study, we have made 
the assumption, that SDF is a neutral sperm characteristic, i.e. it 
is an irrelevant sperm characteristic that may equally fluctuate 
irrespectively on the male that is analysed. For this null hypothesis 
to be upheld, we would expect to see no major difference in its 
prevalence when two different cohorts of individuals are compared. 
Consequently, we shall compare the level of SDF in the ejaculates of 
a sperm donor population with that of a large population of males 
presenting to the clinic for their first seminogram. 

Material and Methods
This was a blind, retrospective, large cohort population study to 

assess the prevalence of SDF in sperm of donors (Group D; n=210) 
and males of couples presenting to a reproductive technology clinic 
for a Fist Seminogram: (Group FS; n=775). The study was conducted 
under the informed consent of all participants and according to 
the guidelines and protocols of the clinic’s ethical committee under 
the research project BFU-2013-44990R. The age range for Group D 
and FS was 23 ± 2.1 and 33 ± 12.3 years, respectively. Donors were 
selected using standard criteria where no personal or family chronic 
or serious illness that can affect offspring and no history of birth 
defects in family history, were considered. Negative serology for HIV, 
hepatitis B and C, syphilis, cytomegalovirus, and no trace of diseases 
such as Chlamydia and Gonococcus were also included. Normal 

Introduction
Even after 30 years of clinical practice, urologists have yet to reach 

general consensus about the precise role of sperm DNA fragmentation 
(SDF) in male infertility [1,2]. A lack of precision when using this 
parameter to predict fertility is no doubt contributing to this sense 
of controversy and preventing the universal inclusion of SDF as part 
of the standard seminogram; we propose a range of reasons for this 
variability. The first of these issues has to do with the plethora of 
possible pathologies associated with the original aetiology of sperm 
DNA damage. Sperm DNA damage has been linked to oxidative stress, 
protamination failure, meiotic failure and/or abortive apoptosis [1-
7]. Secondly, in addition to these organic causes, elevated levels of 
SDF have also been linked to lifestyle, pollution, bacterial infections 
and even high frequency energy exposure [8-10]. Thirdly, we must 
also be conscious of so-called “iatrogenic sperm DNA damage, which 
may be caused inadvertently as a result of improper ex vivo sperm 
handling or manipulation [11,12]. Finally, it is possible that the lack 
of predictability could also be associated with respect to the how and 
when the DNA damage is measured and what specific sperm delivery 
protocols are used to fertilise the oocyte or to prepare the sperm 
prior to syngamy. It is not surprising therefore, to find different 
threshold levels of sperm DNA fragmentation based on the specific 
fertilization procedures employed, for example, compare intrauterine 
insemination with ICSI [13].
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karyotype and normo-zoospermia for seminogram before and after 
sperm cryopreservation were also considered as criteria for inclusion 
in the study.

SDF was directly assessed from the neat ejaculate immediately 
following sample liquefaction. This approach negated the adverse 
impact of iatrogenic damage as a confounding factor of the analysis 
[11]. SDF was assessed using Halosperm (Halotech DNA, Madrid, 
Spain). Details of the sperm chromatin dispersion test as used in 
the present investigation have been described elsewhere in previous 
studies [14]. Statistical analyses were performed with the Statistical 
Package for Social Sciences (SPSS v.11; Chicago, IL, USA). The test 
for normal data distribution was performed using Z-Kolmogorov-
Smirnov and data comparison was conducted using a non-parametric 
Mann-Whitney U test, using anα of 0.05. Receiving operating 
characteristic (ROC curves) to assess for sensitivity and specificity 
were run under consideration of non-parametric analysis. 

Results
Descriptive statistics

The frequency distribution of the different subclasses of SDF 
following grouping of the data in terms of increasing and rank-size 
SDF values is shown in Figure 1. Sperm DNA fragmentation values 
did not conform to a normal distribution (Z-Kolmogorov-Smirnov 
for Group D = 2.52; P 0.000 / Z-Kolmogorov-Smirnov for Group P 
= 3.461; P 0.000; Figure 1); there was a common tendency for both 
groups to displace the curve towards a greater incidence of low values 
for SDF. Descriptive statistics for both groups are shown in Figure 2a; 
Group FS (Mean = 29.2; Median: 26.2; SD: 17.6) had a higher SDF 
value than group D (Mean = 10.7; Median: 9.0; SD: 8.7) (U-Mann-
Whitney 20486; P 0.000). 

ROC curve analysis
Given the large difference in mean SDF between the two groups, 

we tested the sensitivity and specificity to determine whether it was 
possible to discriminate between Group D and Group FS by calculating 
the area under the ROC curve. Using this statistical approach SDF 
assessment resulted in a significant area under the curve (AUC) 
for predicting the inclusion of an individual in Group D. The AUC 
value obtained was 0.874 (P 0.000, based on non-parametric data 
assumption; Figure 2b). The Youden’s J statistic, a single statistic that 
captures the performance of a diagnostic test, showed that using a 
cutoff value of 16% for SDF, it was possible to predict that that and 

individual can be included within Group D with a sensitivity of 85% 
and a specificity of 75% (Figure 2b).

Discussion
The results obtained in the present investigation have clearly 

shown that SDF cannot be considered a neutral semen characteristic.
When a highly selected large population of semen donors was 
compared with an even larger population of randomized putative 
patients undergoing their first seminogram; the FS cohort had a mean 
SDF value 20 points higher than donor semen samples. From this 
finding, we would suggest that individuals included in Group D and 
presenting with a low level of SDF fragmentation not exceeding a SDF 
value of 16% could be considered as the reference standard of a sperm 
donor. The ROC curve analysis indicated this value is predictive with a 
sensitivity and specificity of 85% and 75%, respectively. The threshold 
values obtained for this study are, of course, only relevant for the 
conditions under which the present study was conducted whereby 
(1) all the semen samples were freshly collected, (2) all semen samples 
were exposed to the same degree of iatrogenic damage, (3) the SDF 
procedure was conducted on neat semen samples and (4) the SDF 
was assessed using a sperm chromatin dispersion test. It is interesting 
to note that both data sets did not conform to a normal distribution 
and there was a tendency for both groups to be skewed towards 
low values of SDF. This could be interpreted as a natural tendency 
in the human population to generally exhibit low levels of sperm 
DNA damage in the ejaculate; a fact that was notably reinforced 
in the donor population. Although not an objective of the present 
study, we would expect that the valuesfor SDF should be lower after 
sperm selection procedures using classic strategies such as “swim 
up” or density gradient centrifugation for sperm selection. These 
methodologies tend to diminish the level of SDF observed in the neat 
ejaculate [15-17]. 

In relation to fertility, the benefit of using selected spermatozoa 
to improve pregnancy rate has been known for a long time [18]. This 
is logical for when using ICSI the probability of selecting a sperm free 
of DNA damage should increase if density gradient centrifugation or 
swim-up procedures are employed. Congruent with this idea, some 
reports show that the predictive value of SDF tends to be low when 
ICSI is used [13, 19] and this is mainly because part of semen sample 
containing damaged DNA has been removed from the original neat 
ejaculate. This reduction in SDF which is linked to a positive effect on 

Figure 1: Class histogram and associated curve showing the distribution of 
sperm DNA fragmentation in Group D (Donors), Group FS (First Seminogram) 
and merged data.  Figure 2: (a) Box-whisker diagrams summarizing descriptive statistics for 

Group D (Donors) and Group FS (First Seminogram); (b) Receiver operating 
characteristic curve using Group D as discriminative characteristic.
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pregnancy after ICSI can also be considered as non-direct evidence of 
the importance of SDF at the time of reproductive outcome.

SDF values associated with predicting pregnancy and threshold 
values are a controversial issue and studies where SDF are assessed 
specifically on donor populations are rare [20]. Recently, Belloc et 
al. [21] have shown that SDF in normozoospermic infertile men was 
negatively correlated with sperm motility but positively correlated 
with the age of the patient; in this study, 11% of the patients exhibited 
unusually high levels of sperm DNA fragmentation. In our case, 
we have found that 15% of individuals within group FS showed 
abnormal SDF values higher than 50%, while these values declined 
to less than 0.5 % in group D. SDF values of higher than 30%, which 
is one of the threshold and critical values correlated with fertility 
[22], only affected less than 4% of the donors. These results provide 
evidence to support the observation that assisted reproductive clinics 
are potentially unknowingly selecting for low levels of SDF in the 
donor population; this is an interesting idea that requires further 
analysis. Nonetheless, in other mammals, where artificial selection is 
regularly performed to increase reproductive capacity, the incidence 
of SDF is also low. In fact, SDF in selected breeders rarely surpasses 
5% [23]. In this case, artificial insemination centers do not normally 
identify animals with a high or low level of SDF, simply because is not 
a common parameter assessed on a routine basis. It would therefore 
seem that such artificial selection is a relatively blind form of genetic 
engineering with little knowledge of the genes they are selecting for. 
For example, in boar the effects of selection for increased size of testes 
on standard semen characteristics have been analyzed and differences 
in sperm characteristics and sperm production were consistent with 
the and increase in the size of the testicles. We would predict that this 
type of selection is also concomitant with a decrease in the levels of 
DNA damage, mainly because we are blindly selecting for other genes 
or traits linked to the production of good sperm quality. Thus, sperm 
DNA packing and/or protamination characteristics, the capacity 
to control oxidative stress [24,25] and mechanisms depending 
on the triggering of apoptotic-like related processes associated 
with spermatogenic failure [26,27], some of them having a genetic 
background, are all indirectly and positively selected when we control 
and choice, for breeding purposes,  animals presenting a high quality 
in standard seminal characterisitics.

The next question to be asked from this line of argument might 
be“Are donor individuals with SDF values of lower than 16% more 
efficient for reproductive outcome than those greater than this value?” 
In other words, is a SDF value of lower than 16%, a characteristic of 
outstanding sperm quality? 
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