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Abstract
In this study, we performed and analyzed the DFI test and semen test based on the WHO criteria and
compared the two using semen factors. DFI tests and general semen tests were conducted in accordance
with the WHO criteria, and correlations between the two tests were investigated. The WHO criteria were set
as the cutoff value for each of the following factors: �uid volume, concentration, motility, and normal
morphology, and compared with the DFI results. The subjects had a mean DFI of 15.6 ± 11.5% and the
DFI increased with age. In contrast, the concentration, motility, and normal morphology decreased as the
DFI increased. Patients who satis�ed the WHO criteria in terms of sperm concentration, motility, and
normal morphology had a signi�cantly lower DFI than the group that did not satisfy the criteria.
Therefore, evaluation with a general semen test based on the WHO criteria should be regarded as a
qualitative evaluation of all factors other than �uid volume. Male infertility due to sperm DNA
fragmentation should be suspected when in vitro fertilization (IVF) results are poor despite normal semen
�ndings based on the WHO criteria. The results of this study suggest that the DFI test may be an
important evaluation in follow-up semen analyses.

Introduction
Female factors are very important in determining the success of IVF. However, many reports have shown
that male factors also affect the success or failure of IVF (1) (2). Thus, male factors, analyzed via semen
tests, are important (3). Generally, the tests are based on diagnostic methods in line with the WHO criteria
(4) and investigate factors such as semen �uid volume, concentration, motility, and malformation rate.
The diagnostic sensitivity of semen analysis is low. In other words, it cannot be said that the proportion
of sperm in motion alone essentially represents the quality of sperm motility. Evaluation of the
malformation rate is also subjective, as there could be individual differences and is based only on an
approximate morphological sperm evaluation viewed through a biological microscope. Therefore, the
sperm evaluation criteria based on conventional methods alone is not a primary factor of consideration
for determining IVF embryonic potential, pregnancy rates, and miscarriage rates after transplantation.

In our hospital, we evaluate sperm motility using an automatic sperm analyzer based on the WHO criteria
and sperm morphology via the Kruger test (5).

In addition to evaluating the number and motility of sperms, factors that contribute to infertility, such as
whether the sperms have the ability to fertilize oocytes and how they are involved in embryogenesis after
fertilization, should be evaluated. Therefore, we considered the DFI (6–8). The DFI is based on a sperm
chromatin nucleus analysis (9). The aim of the DFI is to evaluate qualitative factors of the sperm nuclei.
Methods for detecting DFI include TUNEL assay (�uorescence microscopy with terminal deoxynucleotidyl
transferase-mediated deoxyuridine triphosphate-nick end labeling), comet assay (detection with single-
cell gel electrophoresis), and AO test (�uorescence microscopy using acridine orange, a nucleic acid
�uorescent dye). However, these DFI analysis techniques require sophisticated equipment and are
expensive. In this study, the DFI analysis was performed using the sperm chromatin dispersion (SCD) test
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based on chromatin structural analysis of the sperm nucleus (10) and quanti�ed via the Halo sperm DNA
kit (Spain, Madrid).

This kit is commercially available and enables relatively simple and low cost DFI analysis.

The protamine in sperm nuclei with less DNA fragmentation forms a halo in DNA strands extracted using
the acid and detergent treatment. The principle of measurement utilizes the property that halo formation
is inhibited in DFI fragmented sperm nuclei. DFI is calculated as the number of non-halo-forming sperms
of the total number of sperms and expressed as a percentage (11).

We considered various �ndings and evaluated the usefulness of the DFI test against WHO criteria, using
the DFI test results of patients who visited our hospital for infertility treatment.

Subjects And Methods
Study population

This study was conducted from June 2020 to December 2020. A total of 134 male patients with the main
complaint of infertility who requested semen testing were included. All patients provided written consent.
The study was approved by the ethics review board of our hospital. The tests included in the study were
the automatic sperm motility analysis using SMAS, Kruger test via the Diff-quick method, and DFI test
using the SCD method.

Semen examination and analysis

Sperm motility test (general semen test)

The �uid volume was measured after the semen was su�ciently liqui�ed, and the sperm concentration
and motility were measured with SMAS (Japan, DETECT).

Sperm morphology (Kruger Sperm Function Test)

The sperms were treated using the Diff-quick staining kit (Sysmex Corporation, Japan). Normal
morphology was analyzed using 200 or more sperms under a biological microscope (×400), and the
head, midpiece, and tail of the sperms were examined in detail.

Sperm DNA fragmentation test (DFI test)

DFI evaluation was conducted using the Halo sperm DNA kit (HT-HS10, Halotech DNA, Spain). It is
possible to quantify DNA fragmentation in the sperm nucleus using this kit. In normal sperms, halos
formed by the loop strands of DNA in the head are visible, but halos do not form in the loop strands of
damaged DNA of fragmented sperms. The ratio of fragmented sperms to the total number of sperms was
analyzed and expressed as the DFI ratio using a selection of 300 or more sperms.
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Correlation and evaluation of the WHO criteria and the DFI test

We investigated the correlation between the DFI tests and semen analyses based on the WHO 2010
criteria using the following factors: semen �uid volume, sperm concentration, total sperm count, motility,
and normal morphology. In addition, we also compared each factor by separating the subjects into two
groups: the group with measurements below the WHO criteria and the group with measurements at or
above the WHO criteria.

Results
The mean age of the 134 patients at the time of the sperm tests was 38.8 ± 6.0 years (range = 26–52
years). All the patients were examined at our hospital for the �rst time. Semen �uid volume, sperm
concentration, total sperm count, and motility were investigated using the general semen test. Normal
morphology was examined via the Kruger Test. The DFI ratio was investigated using the DFI test
(Table 1).

Table 1
General semen �ndings and DFI in target patients

Factors Mean ± SD Range

Age (years) 38.8 ± 6.0 26–52

Semen �uid volume (mL) 2.8 ± 1.4 0.3–9.4

Sperm concentration (106/mL) 76.5 ± 60.1 0.5–284.0

Sperm motility (%) 63.5 ± 19.8 0-93.2

Normal morphology (%) 3.2 ± 2.0 0–10.0

DFI (%) 15.6 ± 11.5 2.4–97.0

The mean patient DFI was 15.6 ± 11.5%. Using the Halo sperm HT-HS10 DNA kit per instructions provided
in the package insert, 6.0% (8/134) of the patients had high DFI (≥ 30%) (Fig. 1).

There was tendency for the DFI to increase with age (r = 0.2319, p < 0.0070), while the concentration,
motility, and normal morphology tended to decrease as the DFI increased (Table 2).
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Table 2
Various factors in general semen tests and correlation with

DFI

  DFI  

Factor Correlation (r) P value

Age (years) 0.2319 0.0070

Semen �uid volume (mL) -0.0118 0.8926

Sperm concentration (106/mL) -0.1992 0.0210

Sperm motility (%) -0.2672 0.0018

Normal morphology (%) -0.2881 0.0007

A comparative examination of the DFI against the WHO criteria did not reveal a signi�cant difference
between the group at or above the criteria and the group below the criteria for �uid volume (p = 0.6891).
However, for concentration, motility, and normal morphology, those below the criteria (that is, those which
did not meet the WHO criteria) tended to have higher DFI compared to that of the group at or above the
criteria (concentration p < 0.05; motility p < 0.01; normal morphology p < 0.01). Moreover, when these
factors were above the criteria, the DFI was evaluated to be low for all factors (Fig. 2). When the WHO
criteria were not met, the DFI was determined to be moderate or high for all factors.

Discussion
Using the DFI evaluation for semen tests enabled clari�cation of the correlation between DFI and various
factors that are considered to be related to the performance outcome of assisted reproductive
technologies.

There are still many unknown aspects of the causes of infertility that are related to male factors rather
than female factors. Generally, semen tests used for evaluation and diagnostics focus primarily on
semen �uid volume, sperm concentration, motility, and malformation rate.

The information obtained in these general semen test �ndings are considered inadequate for determining
sperm potential. To more accurately evaluate the correlation between IVF clinical outcomes and male
infertility, we focused on DFI measurements.

DFI is a method for detecting the integrity of sperm nuclear DNA and the extent of damage. DFI is
reported to increase with age in men. Reports have shown that close to 8% of infertile men have high DFI
values ( ≧ 30%) (12). Reports have also suggested that factors associated with sperm DNA damage are
affected by abnormal sperm lipids, reproductive hormones, and mitochondria (13). These factors are
involved in oxidative stress and apoptosis formation due to an age-dependent decline in male fecundity.
Therefore, causing an age-related increase in DNA damage (14).
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The results of our DFI measurements in this study showed that DFI tended to increase with age, as
described in previous reports (15–17). However, DFI is not only affected by age, but also by indulgences
such as cigarettes (18) and alcohol (19), lifestyle habits such as sleep and exercise, and intake of
supplements (20). Thus, various aspects of aging, multiple stress factors, and negative factors affecting
the DFI require further investigations (21). In terms of the link with IVF outcomes, it has been reported
that, although there is no difference in the fertilization rate and embryonic development rate between high
DFI and low DFI (22), a high DFI tends to be associated with higher rates of miscarriage, resulting in a low
live birth rate per transplantation (23, 24). The patients who underwent DFI analysis in this study provided
semen samples before IVF treatment. The mean DFI was 15.6 ± 11.5%. Generally, DFI levels of ≥ 30% are
considered to be high, and therefore, it is necessary to investigate the correlation between elevated DFI
and IVF outcomes.

We also found that DFI was signi�cantly lower in the group below the criteria compared to the group at or
above the criteria for sperm concentration, motility, and normal morphology, in semen tests conducted in
accordance with the WHO criteria (25). The results suggest that, when the WHO criteria test results were
good, DFI evaluation was also generally good (26). However, it is necessary to suspect damage to the
sperm nucleus when IVF outcomes are poor despite patients satisfying the WHO criteria, and DFI analysis
may be useful as an additional semen test in these circumstances.

Conclusion
In conclusion, DFI analysis may lead to elucidation of potential factors for predicting IVF outcomes.
Incorporating the DFI into standard semen analysis may result in a more reliable semen diagnostic
technique.

In the future, further techniques to evaluate the contribution of sperm DNA to IVF outcomes and for the
selection of the best sperms, will lead to improved IVF outcomes. Even during the IVF process, certain
factors may lead to an increase in DFI, including active oxygen in the semen (27), the sperm screening
method (28–30), and culturing conditions (31, 32). Therefore, we would like to investigate whether
optimal sperm selection techniques are possible by reducing the external stress factors.
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Figure 1

DFI distribution and percentage for each evaluation The mean DFI was 15.6 ± 11.5%, with normal DFI
rating accounting for 63.4%. On the other hand, samples with Moderate and High DFI evaluation
accounted for about one-third and more. Especially, the highest DFI was 97.0% (range; 2.4-97.0).
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Figure 2

DFI comparison in the group at or above and the group below the WHO criteria for each factor in the
general semen test There was no signi�cant difference in DFI for semen �uid volume between the group
at or above the criteria and the group below the criteria. Regarding the concentration, motility, and normal
morphology, the group below the criteria (that is, the group that did not meet the WHO criteria) had higher
DFI.


