
GAMETE BIOLOGY

Apoptotic sperm biomarkers and their correlation
with conventional sperm parameters and male fertility
potential

Branko Zorn & Barbara Golob & Alojz Ihan &

Andreja Kopitar & Mojca Kolbezen

Received: 25 August 2011 /Accepted: 24 January 2012 /Published online: 24 February 2012
# Springer Science+Business Media, LLC 2012

Abstract
Purpose To investigate the relationship between sperm ap-
optotic biomarkers and patient clinical characteristics, con-
ventional sperm parameters and fertility potential.
Material and methods Sperm analysis, phospholipid asym-
metry, mitochondrial membrane potential (MMP) and DNA
denaturation were assessed in 142 males of infertile couples.
Seventy-three couples were allocated to the natural concep-
tion group, and 55 couples underwent IVF or ICSI.
Results DNA denaturation correlated positively with age
and negatively with testicular volume (TV). MMP correlat-
ed negatively with BMI and FSH and positively with TV.
Normal viable sperm correlated positively with TV and
negatively with age, BMI and FSH. DNA denaturation
was associated with a significantly lower natural pregnancy
rate (OR 5.4, 95% CI:1.3–22, p00.011).
Conclusion Sperm apoptosis is related to male age,
BMI, testicular volume and FSH. Among the apoptotic
markers, only DNA denaturation has been found to
predict natural pregnancy better than conventional sperm
parameters.

Introduction

Diagnosis of male infertility has been mainly based on the
analysis of conventional sperm parameters as recommended
by the World Health Organization [43]. However, it has
become apparent that none of these parameters alone or
their combination are useful in the diagnosis of infertility
[21].

To improve the prediction of fertility potential in clinical
practice, the use of sperm function biomarkers, i.e. of the
markers of apoptosis, has been proposed.

Apoptosis is increased in spermatozoa of infertile men
affected by cryptorchidism, infection or varicocele [4]. Path-
ological conditions along the male genital tract impair sperm
DNA [38]. Apoptotic markers measured by flow cytometry
are less subjective than the sperm parameters determined by
conventional sperm analysis.

However, there is still an unresolved question of whether
sperm apoptotic markers have a prognostic power in clinical
practice.

Among the apoptotic markers, DNA damage has been the
most thoroughly investigated so far. It is considered a sig-
nificant marker in the diagnosis of male infertility [3, 5] and
in the prediction of natural conception [42]. According to
some authors, it might provide additional information re-
garding the outcome of in vitro fertilization [6, 14, 26, 46].
However, there are authors denying this property to DNA
damage [8, 12, 48].

In addition to DNA denaturation, potentially related to
late apoptosis, we measured two other apoptosis signaling
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markers that appear earlier in apoptosis [16, 20], i.e. the
changes of phosphatidylserine asymmetry in the plasma
membrane and in the mitochondrial membrane potential
(MMP). The assessment of MMP in sperm is important
considering the functionality of mitochondria during apo-
ptosis. The diagnostic value of these early apoptotic events
has been proven [2, 17, 24]; nonetheless there is little [29] or
no information on their predictive value of male fertility.

This retrospective study on male partners of infertile
couples was designed to analyze the relationship between
sperm apoptotic markers (changes in cytoplasmic membrane
asymmetry, MMP and DNA integrity) in processed ejacu-
lated sperm and patient clinical characteristics, conventional
sperm parameters of neat sperm, and fertility potential. The
latter was evaluated according to clinical pregnancy,
achieved in cycles of natural conception and intrauterine
insemination (IUI) or in classical in vitro fertilization
(IVF)/intracytoplasmic sperm injection (ICSI) cycles.

Materials and methods

Patients and study design

A total of 142 consecutive couples attending the infertility
outpatient clinic of the Reproductive Unit, Department of
Obstetrics and Gynecology, University Medical Centre
Ljubljana, were enrolled in the study. Experimental protocol
was approved by the national medical ethics committee and
written informed consent was obtained from all participants.

In male partners testicular volume was measured using
Prader orchidometer. According to their body mass index
(BMI), males were divided in two groups (< 30 and ≥30 kg/
m2). Their serum FSH was measured by a solid-phase, two-
site chemiluminescent immunometric assay (IMMULITE
1000 FSH, Diagnostic Products Corporation, Los Angeles,
CA).

The couples in whom female infertility factor was ruled
out and were able to conceive naturally or after IUI (n073),
constituted the “Natural conception group”.

The IVF/ICSI group consisted of 55 couples: in 22 the
cause of infertility was oligoasthenoteratozoospermia, in 21
unexplained male infertility, and in 12 tubal factor infertility.
Fourteen couples did not continue infertility treatment and
were not considered in the final analyses.

Sperm analysis and preparation

Semen samples were collected by masturbation after 2–
5 days of sexual abstinence. After an hour, semen was
assessed according to the WHO guidelines [43]. Sperm
was considered to be normal when sperm count was
≥40.106 sperm, rapid progressive motility or motility “a”

≥25%, and normal morphology using strict criteria ≥14%.
To prepare semen, an aliquot of semen was purified using a
two-step (100%/40%) discontinuous Pure Sperm (Nidacon
International AB, Mölndal, Sweden) gradient diluted in
Sperm Preparation Medium (Origio, Måløv, Denmark). Af-
ter centrifugation at 160g for 30 min, motile sperm from the
100% layer were washed in Sperm Preparation Medium and
centrifuged at 220g for 10 min. Purified population was
resuspended in 1 mL of the same medium. The concentra-
tion of sperm with motility “a” was estimated. This fresh
semen was used for cytofluorometric analysis. Data were
collected on a FACSCalibur flow cytometer (BD Bioscien-
ces, San Jose, CA, USA), and sperm phosphatidylserine
exposure, MMP and DNA fragmentation were determined
using CellQuest ™ (BD Biosciences) software at excitation
wavelengths of 488 nm.

Detection of phospholipid asymmetry in the sperm plasma
membrane

The loss of plasma membrane is one of the earliest features
of apoptosis. In apoptotic sperm, the membrane phospho-
lipid phosphatidylserine is translocated from the inner to the
outer leaflet of the plasma membrane, thereby exposing
phosphatidylserine to the external cellular environment.
Disruption of the membrane asymmetry was detected using
fluorescein isothiocyanate-conjugated annexin V (Annexin
V-FITC; Becton Dickinson Pharmingen, San Diego, CA,
USA). Semen samples were diluted to 1×106 sperm/mL in
100 μL of binding buffer with 5 μg annexin V. The samples
were simultaneously stained with 1 μg/mL propidium io-
dide (PI; Molecular Probes, Eugene, Oregon, USA). Un-
stained samples were used as negative fluorescence
controls. Two replicate experiments were done for each
sample, and the average values were used in further analy-
ses. According to their reactivity to annexin V and PI,
sperm were classified as viable (negative annexin V and
negative PI), sperm in early apoptosis (annexin V pos-
itive and PI negative), and dead cells, permeable to PI
(Fig. 1), Sperm membrane phospholipid asymmetry
changes were expressed as percentages of viable, apo-
ptotic and dead sperm.

Assessment of sperm mitochondrial membrane potential

Mitochondrial membrane potential (MMP) was measured
by means of DiOC6(3) staining. PI was used as a supravital
fluorescent stain. Because DiOC6(3) has a single wave-
length emission, a normal MMP was attributed to cells with
a high fluorescence signal; cells with lower DiOC6(3) emis-
sion (lower MMP) were defined as apoptotic. Sperm (1×
106/mL) were incubated in 1 mL DiOC6(3) (0.5 nmol/L) in
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a 37°C water bath for 20 min. In the analysis we used only
the percentage of viable sperm with normal MMP (Fig. 2).

Sperm DNA denaturation

Sperm were treated with a pH 1.2 detergent solution con-
taining 0.1% Triton X-100, 0.15 mol/L NaCl, and 0.08 N
HCl for 30 s, and then stained with 0.02 mg/mL of purified
acridine orange (AO; Molecular Probes) in a phosphate-
citrate buffer, pH 6.0, at the final concentration of 1×106/
mL. Cells were analyzed by FACSCalibur flow cytometer
equipped with air-cooled Argon ion laser. Ten thousand
events were accumulated for each measurement. Under
these conditions, when excited with a 488 nm light source,
AO intercalating with double-stranded DNA emits green
fluorescence, and AO associated with single-stranded
DNA emits red fluorescence. Thus, sperm chromatin dam-
age can be quantified by flow cytometric measurements of
the metachromatic shift from green (native, double-stranded
DNA) to red (denatured, single-stranded DNA) fluorescence

(Fig. 3). In the analysis we used the percentages of sperm
with denaturated DNA only.

IUI, IVF and ICSI cycles

Sperm were prepared using DGC. In IUI cycles, ovarian
stimulation was performed using clomiphene citrate –
100 mg daily from day 5 to day 9 of the cycle – or
recombinant human menopausal gonadotropin (Gonal F,
Serono, Geneva, Switzerland) – 150 IU daily from day 2
of the cycle on. In IVF and ICSI cycles, ovarian stimulation
was induced using a long protocol of gonadotropin-
releasing hormone agonist buserelin acetate, (Suprefact;
Hoechst AG, Frankfurt, Germany) and Gonal F 225 IU
daily. Human chorionic gonadotropin (hCG, Primogonyl;
Geneva, Serono) was given (10 000 IU i.m.) when follicles
reached a mean diameter of 18 mm. Sperm insemination or
oocyte retrieval was carried out 36 h after hCG injection.
Embryos were cultured to the blastocyst stage. At most 2
best developed embryos were transferred.

Fig. 1 Flow cytometry detection of phosphatidylserine exposure ana-
lyzed with annexin V and propidium iodide (PI). Sperm at the final
concentration of 1×106/mL were incubated with annexin V and 1 μg/
mL PI in 100 μL of binding buffer. In the left panel sperm cells were
mostly annexin Vand PI negative, indicating that they were viable and

not undergoing apoptosis. The right panel represents a sample with
three populations of cells: normal viable sperm were annexin V and PI
negative, early apoptotic sperm were annexin V positive and PI neg-
ative, and dead sperm were annexin V ± and PI positive

Fig. 2 Assessment of sperm
mitochondrial membrane
potential (MMP) measured by
means of 3,3′-
dihexyloxacarbocyanine iodide
(DiOC6(3)). Sperm from each
fresh sample were incubated
with DiOC6(3). Ten thousand
cells were analyzed by
FACSCalibur flow cytometer.
The left sample has a high
percentage of viable sperm cells
with normal MMP. The right
sample has more cells with
lower MMP
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Statistical analysis

The Statistical Program for Social Sciences (SPSS, version
17; SPSS Inc., Chicago, IL) was used for statistical analysis.
The Spearman correlation test, Mann-Whitney test, and
analysis of variance were used to evaluate relationships
between sperm apoptotic markers and male age, total testic-
ular volume, BMI, FSH and conventional sperm parameters.

Mann-Whitney test, analysis of variance, logistic regres-
sion and chi-squared test were used to detect whether con-
ventional sperm parameters and apoptotic markers differed
with regard to the achievement of natural pregnancy or to
the outcome of the first IVF/ICSI attempt (embryo develop-
ment to the blastocyst stage and occurrence of a pregnancy).

Results

The characteristics of the enrolled male partners of infertile
couples are presented in Table 1.

Correlations between sperm apoptotic markers and clin-
ical and hormonal characteristics are presented in Table 2.

The percentage of apoptotic sperm was significantly cor-
related with FSH (r00.227, p00.008) and BMI (p00.005).

The percentage of normal viable sperm (annexin V neg-
ative and PI negative) was significantly correlated with male
age (r0−0.244, p00.004), testicular volume (r00.259, p0
0.002), BMI (p00.012), and FSH (r0−0.253, p00.003).

Viable sperm with normal mitochondrial membrane poten-
tial was determined using DiOC6(3) staining (Fig. 4). The
percentage of viable sperm with normal MMP was signifi-
cantly correlated with testicular volume (r00.295, p<0.001),
BMI (p00.002), and FSH (r0−0.262, p00.002).

The percentage of sperm with DNA denaturation was
correlated with male age (r00.206, p00.014) and testicular
volume (r0−0.168, p00.045). DNA denaturation was sig-
nificantly more frequent in men aged 36–55 years than in
those aged 24–35 years (20.5% vs. 12.6%). The percentage
of sperm with denaturated DNA was higher in men with

total testicular volume of 12–29 mL than in those with
testicular volume of 30–67 mL (19.2 mL vs. 12.9 mL).

A highly significant (p<0.001) correlation was observed
between dead sperm, apoptotic sperm, viable sperm, viable
sperm with normal MMP, sperm with DNA denaturation
and conventional sperm parameters.

In the Natural conception group, 28 (38.4%) men had
abnormal sperm according to the WHO criteria. In 17
(37.8%) of the 45 men with normal sperm, sperm with
DNA denaturation exceeded 10%.

There were no statistically significant differences be-
tween the Natural conception group and the IVF/ICSI group
with regard to conventional sperm parameters and apoptotic
markers.

Fig. 3 Flow cytometry analysis
of sperm DNA denaturation.
Sperm cells were stained with
acridine orange. The left sample
shows mostly native double-
stranded DNA in the gate R2. In
the right sample we can see two
populations of cells: cells with
native double-stranded DNA in
the gate R2, and cells with de-
natured single-stranded DNA in
the gate R3

Table 1 Clinical characteristics of 142 infertile couples included in the
study

Characteristic Value

Male age (years) 33.7±5.4 (24.0–55.0)

Female age (years) 31.6±4.5 (21.0–44.0)

Duration of infertility (years) 2.6±2.4 (0.5–15.0)

Range of infertility (primary/secondary) 106/36

BMI (kg/m2) 25.9±3.3 (19.4–39.2)

Total testicular volume (mL) 33.1±9.1 (12.0–67.0)

FSH (IU/L) 4.8±2.9 (1.4–17.7)

Neat semen

Sperm count (x106) 197.3±167.9 (0.4–781.0)

Sperm motility “a” (%) 27.9±11.7 (0.0–50.0)

Normal sperm morphology (%) 24.3±14.2 (0.0–59.0)

Sperm processed by density–gradient centrifugation

Dead sperm (%) 28.7±16.8 (4.0–76.0)

Apoptotic sperm (%) 11.4±11.9 (0.5–69.0)

Normal viable sperm (annexin
V negative and PI negative) (%)

59.0±22.4 (2.0–91.0)

Viable sperm with normal MMP (%) 65.4±23.9 (2.0–97.0)

Sperm with DNA denaturation (%) 15.0±14.2 (0.1–95.0)

Values are either mean ± SD (range) or percentage (%)

BMI body mass index; MMP mitochondrial membrane potential
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In the Natural conception group, 16 female partners of
the 73 couples conceived naturally (21.9% pregnancy rate
per couple) or after IUI (5 couples in 10 cycles).

In the IVF/ICSI group, 55 couples underwent altogether
143 IVF or ICSI cycles, of which 28 were first IVF and 27
first ICSI cycles, considered in the analysis. Sixteen preg-
nancies (29.1% pregnancy rate per cycle) were obtained.

In the Natural conception group, the following parame-
ters differed significantly according to whether women con-
ceived or not: FSH, sperm motility “a” and normal
morphology, viable sperm, viable sperm with normal
MMP and DNA denaturation (Table 3).

The logistic regression model, in which we entered indi-
vidual conventional sperm parameters or the information on
normality or abnormality of sperm quality based on the
combination of sperm parameters revealed that sperm
parameters had a lower predictive value for the achievement
of pregnancy than DNA denaturation. Nagelkerke’s R2 was
0.151 when sperm conventional parameters were used as

predictors, and 0.291 when DNA denaturation and FSH
were used as predictors. DNA denaturation and FSH were
significant independent predictors.

Women whose male partners had ≥10% sperm with DNA
denaturation had a five times lower chance to conceive
naturally than women whose partners had <10% DNA de-
naturation (OR 5.4, 95% CI:1.3–22).

The pregnancy rate in women whose partners had normal
sperm did not differ significantly from that in women whose
partners had abnormal sperm (p00.06).

The pregnancy rate was higher in the couples whose
sperm had less than 10% DNA denaturation than in those
who had more than 10% denaturation. When dividing the
couples with normal sperm according to the percentage of
sperm with DNA denaturation, the pregnancy rate in women
whose partners had <10% denaturation was higher (p0
0.005).

In the IVF/ICSI group, neither conventional sperm
parameters in neat semen nor sperm apoptotic markers mea-
sured in semen prepared by DGC were predictive of embryo
development to the blastocyst stage and achievement of
pregnancy (Table 4).

Discussion

DNA denaturation correlated positively with age and nega-
tively with testicular volume. MMP correlated negatively
with BMI and FSH, and positively with testicular volume.

Sperm DNA denaturation is extensively reported to be
increased with aging [33, 45]. We also found that the per-
centage of viable sperm (annexin-V negative and PI nega-
tive) declined with advancing male age. The association
between age and increased plasma membrane translocation
of phosphatidylserine has also been reported by Colin et al.
[11].

We found that BMI was correlated positively with the
percentage of apoptotic cells, and negatively with MMP.

Table 2 Correlations between apoptotic markers in the processed sperm and clinical and hormonal characteristics of male partners of infertile
couples

Male age BMI* Total testicular volume FSH

Dead sperm (%) NS NS NS NS

Apoptotic sperm (%) NS p00.005 NS r00.227, p00.008

Normal viable sperm (%) r0−0.244, p00.004 p00.012 r00.259, p00.002 r0−0.253, p00.003

Viable sperm with normal MMP (%) NS p00.002 r00.295, p<0.001 r0−0.262, p00.002

Sperm with DNA denaturation (%) r00.206, p00.014 NS r0−0.168, p00.045 NS

r Spearman (rank) coefficient; NS not significant (p>0.05)

*Mann-Whitney test and analysis of variance were used to evaluate relationships between sperm apoptotic markers and body mass index (BMI).
According to BMI, males were divided in two groups (<30 and ≥30 kg/m2 ). Men with BMI ≥30 kg/m2 (n017) had more apoptotic, fewer normal
viable sperm and lower percentage of sperm with normal MMP than men with BMI<30 kg/m2 (n0125)

Fig. 4 Sperm at the final concentration of 1×106/mL were incubated
with DiOC6(3) and 1μg/mL propidium iodide (PI) and analyzed by
confocal microscopy. Sperm in the upper left side of the photograph
has normal mitochondrial membrane potential (MMP) and is defined
as viable sperm with normal MMP. Sperm at the bottom right has low
MMP and damaged plasma membrane which is permeable to PI
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Previously, Chavarro et al. [10] found lower sperm count
and ejaculate volume, and higher percentage of sperm with
DNA fragmentation in men with BMI exceeding 30 kg/m2.
On the other hand, sperm were not found to be impaired in
healthy overweight male partners of subfertile couples [13],
whereas Martini et al. [30] found a negative association
between BMI and sperm motility; as this relation was con-
comitant with decreased levels of alpha-glucosidase, the
authors of the latter study postulated that the impairment
of sperm in men with increased BMI was due to a dysfunc-
tional epididymis. The relationship between BMI and MMP
has also been reported by La Vignera et al. [25].

We have found significant correlations between the testic-
ular volume and sperm apoptotic markers; the percentages of

normal viable sperm and viable sperm with normal MMP
were correlated positively, and sperm with DNA denaturation
were correlated negatively with the testicular volume. This is
an important finding as testicular volume reflects the testicular
function.

FSH plays an important role in germ cell survival and is a
key regulator of testicular function, necessary for the main-
tenance of spermatogenesis in the adult. Our analysis
revealed a positive correlation between FSH and the per-
centage of apoptotic sperm, and negative correlation be-
tween FSH and viable sperm. Furthermore, we have found
a highly significant negative correlation between FSH and
viable sperm with normal MMP, which confirms the find-
ings by Ruwanpura et al. [36], obtained in experimental

Table 3 Comparison of con-
ventional sperm parameters and
apoptotic markers in the Natural
conception group according to
whether the female partner con-
ceived or not

* as evaluated by Mann-
Whitney U-test

Natural conception group (n073)

Pregnancies (n/%) 16/21.9

Pregnancy No pregnancy p value*

FSH (IU/L) 3.2±1.8 4.9±3.1 0.011

Male age (years) 32.9±4.1 33.9±5.2 0.565

Female age (years) 32.5±3.5 31.7±4.4 0.293

Sperm count (x106) 295.8±178.8 208.5±192.5 0.053

Sperm motility »a« (%) 34.0±9.2 26.2±11.8 0.022

Normal sperm morphology (%) 31.5±13.8 21.9±14.1 0.028

Dead sperm (%) 22.9±16.7 30.9±17.6 0.082

Apoptotic sperm (%) 6.2±4.9 14.2±14.9 0.068

Normal viable sperm (%) 70.2±17.2 54.3±25.2 0.016

Viable sperm with normal MMP (%) 76.9±16.0 60.9±26.2 0.022

Sperm with DNA denaturation (%) 7.7±7.6 18.8±17.3 0.011

Table 4 Comparison of conventional sperm parameters and apoptotic markers in the IVF/ICSI group according to the development of at least one
blastocyst and occurrence of pregnancy. Only first IVF/ICSI cycles were considered in the analysis

Pregnancies (n/%) IVF/ICSI group (n055)

16 /29.1

At least 1 blastocyst developed No blastocyst p value Pregnancy No pregnancy p value

Male age (years) 36.0±4.5 35.1±5.0 0.618 36.0±5.9 35.7±4.4 0.822

Female age (years) 32.5±4.0 33.5±4.4 0.289 32.7±4.1 32.0±4.1 0.548

FSH (IU/L) 3.1±1.7 4.9±3.1 0.717 5.1±3.6 4.6±2.4 0.593

Sperm count (x106) 201.9±176.5 191.5±224.5 0.549 165.2±166.3 213.2±196.1 0.394

Sperm motility »a« (%) 25.9±12.1 26.1±10.2 0.731 24.0±12.9 26.7±11.1 0.454

Normal sperm morphology (%) 22.3±14.5 18.6±12.6 0.505 18.4±12.7 22.6±14.5 0.313

Dead sperm (%) 32.7±18.5 25.3±16.4 0.206 35.2±16.7 28.9±18.6 0.745

Apoptotic sperm (%) 13.4±13.5 12.5±17.0 0.961 14.2±14.8 12.8±14.3 0.248

Normal viable sperm (%) 53.6±25.9 62.0±21.4 0.379 50.5±23.9 58.0±25.3 0.317

Viable sperm with normal MMP (%) 62.2±27.5 69.1±22.6 0.401 56.9±22.9 66.9±27.3 0.203

Sperm with DNA denaturation (%) 16.1±15.2 17.6±16.2 0.832 19.2±19.5 16.4±19.2 0.745
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conditions. Similarly, the changes in MMP already observed
in cases of inflammation [9, 35, 40, 47] were correlated with
FSH, the main hormonal regulator of spermatogenesis; how-
ever, this relation did not exist with DNA denaturation,
which is in agreement with the findings of Appasamy et
al. [1].

We have observed a highly significant correlation be-
tween dead, apoptotic and viable sperm, viable sperm with
normal MMP, sperm with DNA denaturation and conven-
tional sperm parameters, which is in agreement with the
findings in the literature [3, 6, 27, 41].

Increased sperm nuclear damage in infertile men with
normozoospermia has already been reported [39]. This as-
sociation is not clear. A disagreement between classical
sperm analysis and DNA denaturation may be partly due
to intra-laboratory variability. It should be taken into ac-
count when assessing male fertility potential. Indeed, the
results obtained in this study indicate a powerful predictive
value of DNA denaturation independently of the results of
conventional sperm analysis.

Reference values of conventional sperm parameters to
diagnose male fertility as proposed by WHO [43, 44] have
been largely criticized [21, 23]. Moreover, there is little
consensus as to which sperm characteristic is the best pre-
dictor of fertility [28]. Consequently, different associations
of sperm parameters have been proposed to predict preg-
nancy and miscarriage [7, 22, 32, 34]. We have found that
conventional sperm parameters and apoptotic markers
(membrane asymmetry loss, DNA denaturation and MMP)
are related to natural conception and conception in IUI
cycles, but not to IVF/ICSI conception. Logistic regression
demonstrated that DNA denaturation and FSH combined are
better predictors of natural pregnancy than conventional
sperm parameters alone.

Like Giwercman et al. [18], we have found that in males
whose partners conceived spontaneously, DNA denaturation
was significantly lower than in males whose partners did not
conceive naturally or after IUI. High quality non-apoptotic
sperm, characterized by low levels of DNA damage, dem-
onstrate high sperm capacitation [19], improved acrosome
reaction [27] and oocyte penetration capacity [37].

FSH may be used as a surrogate for sperm quality [31];
its combination with DNA denaturation renders the effect of
DNA denaturation to predict natural pregnancy increasingly
potent. In contrast to couples who conceived spontaneously
or after IUI, sperm apoptotic markers in men undergoing
IVF or ICSI were not predictive of pregnancy. Assisted
reproduction techniques enable the use of selected best
quality sperm with low DNA denaturation [15] and less
MMP disruption [20]. The negative effects of apoptosis on
fertilization and pregnancy are less present or even absent.
Another explanation for the absence of predictive power of
DNA damage for IVF/ICSI outcomes might be that when

using DGC, which reduces the percentage of sperm with
DNA denaturation, there exist other types of DNA damage
that are not detected by acridine orange [8], but additionally
affecting IVF/ICSI outcomes. As a consequence, sperm
DNA integrity may or may not have an impact on the
clinical results of IVF and ICSI cycles [12].

Assessment of DNA damage in sperm has to be
proposed to each infertile couple at the beginning of
infertility workup to improve counselling and decision
on the type of treatment.
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