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Objective: Studies showed a decrease of the semen analysis parameters and an increase in the average age
of first-time fathers over the past several decades. The aim of the present study was to assess the influence
of paternal age on semen quality and fertilization outcomes in men with normal sperm DNA fragmentation and chromatin maturation index (DFI and CMI), reactive oxygen species (ROS), and total antioxidant
capacity (TAC) levels.
Material and methods: The study was performed on 70 men with their wife’s age ≤38 years and normal
sperm DFI, CMI, ROS, and TAC levels. None of the couples had a history of genital inflammation, chronic
diseases, endocrine abnormality, chromosomal aberrations, Y chromosome microdeletion, azoospermia,
and leukocytospermia. These men were separated into 2 groups according to their age (group A: age <45
years and group B: age ≥45 years). Semen analysis and fertilization outcome after using the intracytoplasmic
sperm injection were assessed in both groups.
Result: Sperm concentration showed a significant reduction in group B (p= 0.04). Although semen volume, sperm normal morphology, and progressive motility were decreased in group B, the reduction was
not significant when compared with group A (p= 0.09, p= 0.47, and p= 0.77, respectively). In addition, the
differences of embryo quality with grades A, B, and C and 8-cell embryo formation were not statistically
significant between the 2 groups.
Conclusion: These results demonstrated that in men with normal sperm DFI, CMI, ROS, and TAC levels,
there were no significant changes in semen parameters and fertilization outcomes with an increasing age.
Keywords: Antioxidant; DNA fragmentation; fertilization; paternal age; reactive oxygen species.

Introduction
The infertility problem cannot be clarified in
approximately 15% of couples.[1] However,
30% of infertility is due to paternal problems
that are identified on the basis of quantitative or
qualitative sperm anomalies by semen analysis.
[1]
Some studies showed a worldwide decrease
in the semen analysis parameters[2,3], and others
stated an increase of the average age of firsttime fathers over the past several decades.[4]
However, while maternal age and reduction of
the ovarian reserve were recognized to be negative prognostic factors for assisted reproduction

technologies, the paternal contribution was less
well described in the literature.[5] Moreover,
the effects of paternal age on sperm characteristics and fertilization outcome counting the
quantification of free sperm DNA, reactive
oxygen species (ROS), and total antioxidant
capacity (TAC) levels have not been studied in
humans and are still indistinct. Reports demonstrated that seminal volume, sperm motility, and
morphology may be decreased with increasing paternal age.[6-11] In addition, the results
of studies adjusting for duration of infertility
and association between sperm concentration
and increasing paternal age are conflicting.[12,13]
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Some studies showed the negative effect of paternal age older
than 40[14], 50[15], and 60[12] years on pregnancy rates although
others stated no effect of paternal age on pregnancy outcomes[13],
especially when the wife was younger than 36 years.[16] In addition, a significant decrease in implantation rates was seen with
paternal age in oligozoospermic patients that was not observed in
normospermia.[17] As usually older men have a tendency to own
older partners, it is difficult to control for the effect of maternal
age on embryo quality. Therefore, unfortunately, the findings are
still questionable. The main objective of the present study was to
assess the influence of paternal age on sperm quality and fertilization outcomes by eliminating the effects of sperm DNA integrity/
compaction, ROS, TAC, and maternal age.

Material and methods
Sample collection and preparation
The oocytes and semen were obtained from couples who
attended the Avicenna infertility clinic affiliated to Avicenna
Research Institute, Tehran, Iran. Informed consent was obtained
from all subjects. The use of human gametes was approved by
the Medical Ethics Committee of Avicenna Research Institute.
None of the couples had a history of genital inflammation,
chronic diseases (e.g., diabetes and cancer), endocrine abnormality, chromosomal aberrations, Y chromosome microdeletion, azoospermia, and leukocytospermia. Paternal age was
≥24 and ≤60 years old, and maternal age was ≤38 years old.
Semen specimen was collected the day of ovum pick up after
3-5 days of sexual abstinence by masturbation into a sterile
container, in a room specially provided for this purpose and
located adjacent to the laboratory. After liquefaction (30 min
at 37°C), sperm DNA fragmentation index (DFI) and chromatin maturation index (CMI), semen TAC and ROS levels,
and semen analysis were performed according to the World
Health Organization guideline.[18] Samples with abnormal DFI,
TAC, or ROS level were excluded from the study. Therefore,
other variables that had a direct effect on ROS, such as smoking and medical or surgical history (varicocele),[19] were not
included in this paper. Parameters were considered normal when
sperm concentration was ≥15 million/mL, total sperm motility
(progressive+nonprogressive) ≥40%, vitality ≥58%, and normal
sperm morphology ≥4% by the World Health Organization
criteria.[18] A total of 70 participants who fulfilled the inclusion
criteria were classified according to male age into 2 groups: 35
patients with age <45 years and 35 patients with age ≥45 years.
These two groups were determined based on the previous studies that separately showed the negative effect of paternal age on
seminal parameters and pregnancy rates.[6-15]
Sperm DFI
Sperm DNA fragmentation was assessed by the sperm chromatin dispersion test using a Sperm DNA Fragmentation Assay kit

(Dain Bioassay Co., Iran).[20] The Halosperm assay was based
on the sperm characteristics to produce a halo following acid
denaturation and removal of nuclear proteins.[21] For the assay
of DNA fragmentation, 50 μL washed sperm with a concentration of 1 × 106 sperm/mL was mixed with 50 μL agarose (6.5%).
Then, 20 μL of the mixture was loaded onto a pretreated glass
slide and placed on a cold surface (4°C) for 5 min. The slides
were treated with denaturing solution for 7 min and lysing solution for 15 min. Then, the slides were washed with distilled
water for 5 min, dehydration was performed using increasing
concentrations of ethanol (70%, 90%, and 100%), and finally,
the air-dried slide was stained. For assessment, a minimum of
200 sperms was assessed with a high-resolution 400× brightfield objective. Sperms with a large halo were classified as
normal, and those with no or a small halo were classified as
DNA-fragmented sperm. As shown in Figure 2, the DFI results
were presented as the percentage of total sperm count.[21]
Sperm CMI
Aniline blue test evaluates the degree of sperm chromatin compaction or maturation, and it is able to detect sperm chromatin
defects related to their nucleoprotein content.[22] At first, 1 × 106
sperm/mL of each sample was centrifuged at 300 g for 5 min
and processed with a fixed glutaraldehyde for 5 min at 4°C, and
the thin smears were prepared. Each slide was stained with aniline blue at room temperature of 25°C. At least 200 sperms were
evaluated in a different field of each slide using 1000 × magnification of a microscope. The pink and the blue sperms were
classified as mature and immature, respectively. The percentage
of total sperm count was reported as CMI (%) (Figure 1).
Semen ROS level
Semen ROS levels were measured in a fresh liquefied semen
using luminol (5-amino-2,3-dihydro-1,4-phthalazinedione) oxidization at neutral pH, which was measured by chemiluminescence
assay using Cytation™ 3 (BioTek, USA). For this assay, 1.2
μL of 5 mM luminol (dissolved in dimethyl sulfoxide, Sigma)
was added to 40 μL of neat semen sample, and ROS levels
were reported as RLU/s at 1-minute intervals after the addition
of luminol, over a total period of 15 min in triplicate and then
averaged for each sample. Phosphate-buffered saline solution as
blank, phosphate-buffered saline solution + luminol as negative
control, neat sample + luminol as test sample, and H2O2 + luminol
as positive control were run in the same plate. The mean control
value was subtracted from the mean semen value to eliminate any
variation and give the true value of the test sample and reported
as RLU/s/106 sperm. Accordingly, for seminal ROS levels, the
subjects were selected by ROS ≤20 RLU/s/106 sperm.
Seminal plasma TAC level
The TAC test kit (Dain Bioassay Co.) was used to assess the
TAC of seminal plasma (SP) based on the capability of aqueous
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Figure 1. Representative image of aniline blue staining and sperm chromatin dispersion test
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Figure 2. Statistical comparisons of the semen parameters and ICSI outcome between the two groups. Data are expressed as
mean±SD. p≤0.05, significant; p≤0.001, highly significant
SD: standard deviation; DFI: DNA fragmentation index; CMI: chromatin maturity index. The independent t-test was used to compare the parametric variables in both groups; ICSI: Intracytoplasmic sperm injection
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and lipid antioxidants to inhibit the oxidation of 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) to ABTS+.
[23]
The antioxidant capacity of each sample to prevent ABTS
oxidation was compared with standard Trolox (6-hydroxy2,5,7,8-tetramethylchroman-2-carboxylic acid). Trolox standards, as well as samples, were assayed in duplicate.[23]
According to kit protocol, 180 μL of freshly prepared reagent A
containing ABTS and potassium persulfate was added to 10 µL
of fresh Trolox standard or SP samples in the plate and read in
OD0 at 660 nm wavelengths. Then, 20 μL of freshly prepared
reagent B containing sodium acetate buffer was added to the
wells and incubated in a dark place for 10 min. The plate read
again in OD1 at 660 nm, and then the OD1-OD0 values were
converted to µL/L and reported as TAC results.
Oocyte preparation, fertilization, and subsequent growth
The cumulus cell-oocyte complexes were retrieved transvaginal
36 h after treated with human chorionic gonadotropin (5000 or
10,000 IU) from clinically fertile women. The cumulus-corona
cells of all oocytes had been removed chemically by a brief
exposure (40 s) to medium (G-MOPS™ Plus, Vitrolife) containing 80 IU/mL hyaluronidase (Sigma, H1115000) with repetitious
pipetting. Fertilization was done by using the intracytoplasmic
sperm injection (ICSI) method. Sperm selection was performed
by discontinuous PureSperm (Nidacon, Göteborg, Sweden)
gradient. According to this, the sperm was injected into their
partners (clinically fertile metaphase II oocytes). During the
ICSI procedure, the oocytes were fixed using slight negative
pressure in a holding pipette, and the injection pipette containing the sperm was deeply introduced into the ooplasm with the
polar body at 6 or 12 o’clock position. Maturated oocytes were
only injected after washing, and they were returned to medium
and cultured in an incubator to observe a second polar body and
two pronuclei and then moved to growth medium and followed
up for cleavage success. All embryos were evaluated daily
with an inverted phase-contrast microscope. They were graded
according to a simple morphological classification including
cell number in relation to the time of development, the percentage of cytoplasmic fragmentation, and cell symmetry on 48-72
h of post-ICSI technique.[24] The embryos were categorized
as grade A (lacking fragmentation), grade B (fragmentation
≤20%), and grade C (fragmentation >20%) based on their quality.[25] The 8-cell embryo formation rate at day 3 was checked
for all oocytes.
Statistical analysis
Statistical Package for the Social Sciences software (version 16;
SPSS Inc.; Chicago, IL, USA) was applied for all analyzes. Data
were assessed for normality test by Q-Q plots and expressed as
mean ± standard deviation or percentages. Descriptive statistics
were determined for all variables. The independent t-test and
Pearson’s chi-square test were used to compare and correlate the

parametric variables in both groups. In all statistical analyzes, a
P-value <0.05 was considered statistically significant.

Results
A total of 70 participants who fulfilled the inclusion criteria were
categorized into 2 groups according to their ages (35 patients with
age <45 years and 35 patients with age ≥45 years). The ROS level
of all samples was ≤20 in both groups. The mean percentages of
sperm cells with fragmented DNA were 23.60±13.51% in group
A and 23.53±15.74% in group B. In addition, the mean percentages of sperm with immature DNA were 13.85±7.10% in group A
and 17.40±9.55% in group B. Furthermore, the TAC levels were
1460.04±70.45 and 1484.12±93.15 in groups A and B, respectively. Statistical description about the mean paternal age, semen
volume, sperm concentration, normal morphology, progressive
motility, and embryo quality of both groups were given in Figure
2. When conventional sperm parameters were compared between
groups A and B (36.26±13.41 vs. 28.50±15.26), sperm concentration showed a significant reduction in group B (p=0.04). However,
in comparison between groups A and B, respectively, semen volume (3.40±1.70 vs. 3.14±1.66), normal morphology (4.54±1.96
and 4.13±2.06), and progressive motility (35.63±14.40 and
34.43±15.71) were lower in group B, but the reduction was not
statistically significant than in group A (p=0.09, p=0.47, and
p=0.77, respectively). After ICSI, the embryo quality and 8-cell
formation were assessed in the 2 groups. With the comparison
of groups A and B, it was shown that differences of embryo
quality with grade A (44.47%±37.05% vs. 35.00%±48.73%),
grade B (18.67%±24.99% vs. 21.08%±5.89%), and grade C
(9.77%±4.93% vs. 8.28%±2.63%) and 8-cell embryo formation
(21.29%±36.05% vs. 19.50%±25.00%) were not statistically significant. The Pearson’s correlation coefficients of studied parameters and embryo quality with paternal age were investigated in
these 70 semen samples and described in Table 1. The degree of
correlation was assessed with the coefficient correlation (r) and
P-value (P). In fact, there was no significant correlation between
paternal age and studied parameters including semen volume,
sperm progressive motility, normal morphology, embryo quality
grade A, grade B, and grade C, and 8-cell embryo formations.
Interestingly, it was noted that sperm concentration decreased
significantly with an elevated paternal age (r=−0.15, p=0.041).
In addition, routine semen parameters showed strong significant
correlations with reproductive outcome. Correlations between
sperm concentration and progressive motility (r=0.38, p=0.000),
normal morphology (r=0.55, p=0.000), and embryo quality with
grade A (r=0.24, p=0.002) revealed a strong positive relationship.
Indeed, sperm progressive motility was positively associated
with sperm normal morphology (r=0.48, p=0.000) and grade A
embryo (r=0.24, p=0.001). The percentage of normal morphology augmented positive correlation with the percentage of grade
A (r=0.30, p=0.000).
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Table 1. Correlation between paternal age, semen parameters, and ICSI outcomes

Paternal age (year)
S. volume (mL)

S. volume
(mL)

Con
(×106/mL)

P. motility
(%)

N. morphology
(%)

Grade A
(%)

Grade B
(%)

Grade C
(%)

8-cell
(%)

r=0.09

r=−0.15*

r=−0.02

r=−0.05

r=−0.03

r=−0.15

r=−0.14

r=−0.08

-

r=0.02

p=0.319

		
Con (×10 /mL)		

p=0.041

p=0.766

p=0.468

p=0.738

p=0.064

p=0.071

p=0.526

p=0.808

p=0.420

p=0.190

p=0.170

p=0.870

p=0.820

p=0.420

p=0.002

p=0.358

p=0.630

p=0.173

p=0.001

p=0.160

p=0.329

p=0.680

p=0.382

p=0.130

p=0.000

p=0.510

r=0.08

r=0.12

r=0.11

r=0.03

-

r=0.38**

r=0.55**

r=0.24**

P. motility (%)		

-

-

r=0.48**

r=0.24**

N. morphology (%)		

-

-

-

r=0.30**

Grade A (%)		

-

-

-

-

r=0.26**

Grade B (%)		

-

-

-

-

-

Grade C (%)		

-

-

-

-

6

			

p=0.000

				

p=0.000

p=0.000

					

p=0.000

						

r=0.07
r=0.11

r=0.07

							
-

r=0.02

r=−0.05

r=−0.08

r=−0.12

r=0.09

r=0.18

r=0.06

r=0.06

p=0.653

r=−0.05

r=0.50**

r=−0.02

r=0.61**

-

r=−0.14

p=0.773

p=0.000

p=0.000

								p=0.296
The Pearson’s test was used to correlate the parametric variables in both groups. Data are expressed as mean±SD. P≤0.05, significant; p≤0.001, highly significant.
*Correlation is significant at the 0.05 level (two-tailed).
**Correlation is significant at the 0.01 level (two-tailed).
Con: concentration; S. volume: semen volume; P. motility: progressive motility; N. morphology: normal morphology; SD: standard deviation; ICSI: intracytoplasmic
sperm injection

Discussion
The present investigation was performed in 70 men with their
wife’s age ≤38 years and normal sperm DFI, CMI, ROS, and
TAC levels separated into 2 groups according to their age (group
A: age <45 years and group B: age ≥45 years), aiming to examine the effect of paternal age on conventional semen parameters
and ICSI outcomes after sperm injection to their wife oocyte. It
was demonstrated that sperm concentration reduced by paternal
age, but semen volume, sperm motility, and normal morphology
had no significant changes by additional age. In addition, the
percentage of embryo quality with grades A, B, and C and 8-cell
embryo formation was not affected by paternal age.
In contrast to reports, our results demonstrated that seminal
volume, sperm motility, and morphology were decreased with
paternal age[9,10] and confirmed studies that showed decreasing
sperm concentration with increasing age.[12,26] In addition, previously, it was demonstrated that paternal age ≥40 years had a
negative effect on pregnancy rates.[14,27] However, a study stated
no effect of paternal age on pregnancy outcomes when the
wife was younger than 36 years.[16] The pregnancy rate reduction associated with increasing paternal age has been already

described by other studies.[28,29] In this result, it was found that
embryo quality and 8-cell embryo formation had no significant
effect with increasing paternal age when their wife was younger
than 38 years. Finally, the present study correlated paternal
age with sperm concentration corresponding to reduced sperm
maturation and growth. In addition, sperm DNA integrity had a
negative correlation with embryo quality. Hence, DNA integrity
might aid the assessment and management of male infertility.
Many studies have highlighted the association between the level
of sperm DNA fragmentation, embryo quality, and successful
pregnancy after ICSI.[1,30] They found that when sperm DFI was
increased, embryo quality and successful pregnancy decreased.
[31,32]
However, many studies have tried to determine the effect
of DNA fragmentation on fertilization rate. Previously, it was
reported that on conventional semen parameters, sperm concentration and rapid progressive motility before preparation affected the ICSI outcomes but not the rate of early embryo development.[33] In addition, the correlation of rapid progressive motility
with embryo development was reported by investigators.[34] In
our study, it was demonstrated that in men with normal sperm
DFI, CMI, ROS, and TAC levels, there were no significant
changes in semen parameters and fertilization outcome with
increasing age (≥45 years). According to our previous review
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study, variables, such as body mass index (BMI), medical or
surgical history (varicocele), and smoking, had a direct effect
on ROS level.[19] In addition, chromatin compaction and integrity could be changed in different levels of ROS that might had
a relationship with pregnancy outcome.[35,36] Therefore, in the
present study, samples with abnormal DFI, TAC, or ROS level
were excluded, and data on factors, such as food consumption
trends and environmental exposure, and that had a direct effect
on ROS were not recorded.

Conclusion
Our study suggested that in men with normal DFI, CMI, ROS,
and TAC levels, increasing the paternal age had an effect on
sperm concentration, but not on fertilization outcome. As usually older men have a tendency to own older partners, it was
difficult for us to find men >45 years whose wife’s age was <38
years. If the number of samples was higher, we would certainly
have acquired brighter results. The present study also did not
record data on risk factors, such as food consumption trends,
environmental exposure, BMI, and effect of ejaculatory abstinence duration. It has been suggested that nutritional antioxidant therapies with dietary intake of synthetic and natural food
antioxidants might have a beneficial impact on semen quality
in aged men. Future research should also focus on assessing
other levels of ROS and their effects on semen quality in aged
men. In addition, the effect of different antioxidants and their
required doses to improve semen quality in aged male and
female, lifestyle, food consumption trends, people habits, and
even environmental exposures should be assessed.
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