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ABSTRACT 
The effect of paternal age on fertility remains unclear. This retrospective study aims to examine 
the impact of male age on semen parameters and the reproductive outcomes of men admitted 
to an infertility center over a 9-year period. A total of 8046 patients were included in the study. 
Men were divided into four age groups. The groups were evaluated for semen parameters and 
reproductive outcome. The 21–30 year group presented lower sperm concentrations in compari
son to those aged 31–40 and 41–50, yet shared a similar concentration to those over 50 years 
of age. Moreover, grades A and B decreased significantly in men aged over 50 years. The high
est progressive motility and normozoospermia were observed in the age group 31–40 years 
while men over 50 years of age had the highest rates of asthenozoospermia and oligoastheno
zoospermia. Furthermore, live birth results were reported in 5583 of the patients who under
went intracytoplasmic sperm injection (ICSI) and were found highest between 31–40 years of 
age. To our knowledge, this is the largest study in Turkey focusing on male age-related semen 
parameters and ICSI pregnancy outcomes. The study demonstrates that age is a significant fac
tor for semen quality and live birth.
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1. Introduction

Fertility preservation has recently gained importance in 
the aging process, with the increase in average human 
life expectancy and the advancement of the childbear
ing age. Female fertility decreases with a sharp decline 
in ovarian reserve after the age of 35. Fertility in women 
usually diminishes with the onset of menopause, 
around age 45–50 [1–5]. However, men can father chil
dren after the age of 45–50 years as no critical age 
threshold for the production of sperm has been 
reported. Nevertheless, debate continues on whether 
advanced paternal age is associated with a decrease in 
semen quality and eventually a higher risk of infertility 
[3,6–8]. Advanced paternal age is especially common in 
developed countries due to higher socioeconomic sta
tus and the improved success rates and availability of 
assisted reproductive techniques (ART), which enable 
couples to delay childbearing [9, 10].

Semen quality is a crucial indicator of male repro
ductive function, as determined through semen 

analysis. This assessment evaluates sperm count, 
morphology, and motility, providing a fundamental 
evaluation of male fertility [11]. The best values for 
semen quality, according to the WHO’s criteria, are 
observed between 30 and 35 years of age, with the 
most significant decline occurring after 55 years of age 
[2, 3]. Any deterioration in semen quality may decrease 
fertility rates and increase the use of ART [12, 13]. 
A growing body of evidence indicates that advanced 
paternal age is associated with a delay in conception 
and subfecundity, as well as an increased risk of spon
taneous abortions, thereby increasing the risk of natural 
reproductive failure [14]. Furthermore, several recent 
works have demonstrated that advanced paternal age 
results in male infertility and poor ART outcomes [15, 
16]. On the contrary, there are also studies reporting no 
significant change in sperm parameters and ART suc
cess as men get older [15, 17, 18].

This study aims to investigate the relationship 
between paternal age and semen parameters, namely 
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sperm concentration and progressive motility, and to 
explore the possible effect of paternal age on preg
nancy and live birth.

2. Participants and methods

2.1. Study population

The medical records of infertile couples at Acıbadem 
Altunizade IVF Center between 2010 and 2019 were 
reviewed in this retrospective study. The study 
included 8046 men admitted to IVF center who under
went semen analysis regardless of the cause of infertil
ity including female infertility, male infertility or 
unexplained infertility. The exclusion criteria for this 
study included individuals who had experienced infec
tions in the last 6 months, those who had previous 
treatment with chemotherapeutic agents or radiother
apy, and those who had testicular tumors. The age 
range of the men in the study was 21 to 65. 
Participants were divided into four age groups as fol
lows: 21–30 years, 31–40 years, 41–50 years, and over 
50 years of age. Semen parameters and resulting preg
nancy and live birth rates were included as clinical 
information. All participants included in this study 
were informed and their written informed consent 
was obtained both for participation and publication. 
The study protocol was approved by the Non- 
Interventional Ethics Committee of Maltepe University 
(approval date: 27.04.2023, approval number: 2023/ 
09-19).

2.2. Semen analysis

Semen samples were collected after 3–5 days of sexual 
abstinence. Microdissection testicular sperm extraction 
(micro-TESE) was performed in men diagnosed with 
azoospermia. All samples were processed for semen 
analysis in the same laboratory and under the same 
conditions. Study data collected between 2010 and 
2019 were retrospectively analyzed in accordance with 
the World Health Organization (WHO) 2021 criteria 
(Table 1).

2.2.1. Sperm concentration
Samples collected in a sterile container were analyzed 
after a 10–30 min of liquefaction at 37 �C in an incuba
tor. To determine sperm concentration, 10 lL of 
semen samples were placed in a Makler counting 
chamber and counted under a phase contrast micro
scope with a 20X objective.

2.2.2. Sperm motility
Sperm motility is examined in 4 categories: grade A, 
which refers to fast forward movement; grade B, which 
refers to slow forward movement; grade C, which refers 
to sluggish movement; and grade D, which refers to 
immotility. Sperm progressive motility is the sum of 
grade A and grade B. Motility evaluation was performed 
by counting at least 100 spermatozoa and the results 
were expressed as percentage (%).

2.2.3. Classification of participants
The participants were classified based on their sperm 
concentration as normozoospermic (sperm concentra
tion more than 16� 106/mL), oligozoospermic (sperm 
concentration less than 16� 106/mL), or azoospermic 
(no spermatozoa in the ejaculate), and based on their 
motility values as asthenozoospermic (<30% progres
sive motility), or oligoasthenozoospermic (sperm con
centration less than 16� 106/mL and <30% 
progressive motility) according to WHO 2021 criteria.

2.3. ICSI and embryo transfer

Spermatozoa were immobilized and injected into 
mature oocytes using a micromanipulator. Fertilization 
was evaluated 12–18 h after ICSI by the presence of 
two pronuclei and two polar bodies. Fresh or frozen 
embryo transfer was performed depending on the 
study protocol in appropriate cases. Fresh embryo 
transfer was performed on day 3–5. Since many stud
ies comparing pregnancy outcomes in cases of frozen- 
thawed embryo transfer and fresh embryo transfer 
showed no differences in pregnancy rates, all cases of 
fresh and frozen-thawed embryo transfer were 
included in the study [19–21]. In accordance with the 
single and conditional two embryo transfer regulations 
in Turkey [22], only one embryo was transferred when 
the woman’s age was below 35 years, while a max
imum of two embryos were transferred in patients 
aged 35 years and over.

Table 1. WHO semen analysis normal values, 2021.�

Variable    Cut-off level

pH �7.2
Sperm volume >1.4 ml
Sperm concentration >16� 10⁶/ ml
Total sperm count >39� 10⁶
Total motility >42
Sperm progressive motility (Aþ B) >30%
Vitality >54%
Sperm morphology >4%
Sperm DNA fragmentation <30%
Non-sperm cells <1� 10⁶/ ml
�WHO laboratory manual for the examination and processing of human 
semen (World Health Organization, 2021).
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2.4. Pregnancy evaluation

A total of 5583 couples undergoing embryo transfer 
after ICSI were evaluated for pregnancy. Serum b-HCG 
levels were evaluated 10 to 12 days after the embryo 
transfer and the gestational sac was examined by 
transvaginal ultrasound at 4–6 weeks. Pregnancy was 
considered positive if the serum b-HCG level was 
above 10 mIU/ml.

2.5. Statistical analysis

The Statistical Package for the Social Sciences (SPSS) 
version 26.0 (IBM SPSS Statistics, Armonk, NY, USA) 
was used for statistical analyses. Data are presented as 
mean ± standard deviation (SD) or median and min- 
max for quantitative variables. Data are presented as a 
% with n for qualitative variables. The assessment of 
normality was performed with the Kolmogorow- 
Smirnov and Shapiro-Wilk tests. Comparisons of the 
four groups were performed with the Kruskal–Wallis 
and Tamhane’s post hoc test. In order to facilitate 
intergroup comparisons, the 21–30 and 31–40 age 
groups were selected as the reference age groups. 
Multivariate analysis of variance (MANOVA) with 
Tamhane post hoc test and the Pearson Chi-Square 
with Bonferroni post hoc tests were used to compare 
pregnancy and live birth rates. Differences were con
sidered statistically significant when p< 0.05.

3. Results

A total of 8046 male partners of infertile couples were 
included in the study during the 9-year study period. 
The descriptive characteristics are depicted in Table 2. 
The average male age and sperm concentration were 
37.39 ± 6.16 years and 31.28 ± 28.17 (106/ml), respect
ively. The average maternal age was 34.47 ± 5.49 years. 
Men aged 31–40 years old accounted for the largest 

portion (60%), while men aged 21–30, 41–50 and over 
50 years of age corresponded to 12%, 25% and 3% of 
the study population, respectively. Similarly, women 
aged 31–40 years old accounted for the largest portion 
(58.4%), while women aged 20–30, and 41–50 years of 
age corresponded to 31.9% and 9.7% of the study 
population, respectively. The study included 5583 ICSI 
cycles and a 56.6% (n¼ 3162) pregnancy rate.

Normozoospermia was identified in 54% of the 
study population, while the rest of the samples were 
associated with the following abnormalities: oligozoo
spermia (17%), oligoasthenozoospermia (15%), azoo
spermia (4%), and asthenozoospermia (10%) (Figure 1).

Increase in maternal age was parallel with paternal 
age (Table 3). While the mean maternal age was 
27.91 ± 4.14 for men aged 21–30 years, it was 
38.69 ± 4.21 for men over 50 years (p¼ 0.000). The 
mean maternal ages were similar for men aged 31– 
40 years and 41–50 years (33.77 ± 4.51 vs. 33.78 ± 4.51, 
p¼ 1.0). A comparison of the semen characteristics 
among different age groups is demonstrated in 
Table 3. The mean values for sperm concentration and 
progressive motility were higher than the lowest refer
ence limits set by the WHO in 2021 in all age groups. 
Higher sperm concentrations were found in men aged 
31–40 and 41–50 in comparison to those aged 21–30 
(p¼ 0.000 and p¼ 0.005, respectively). On the other 
hand, similar sperm concentrations were observed 
between men aged 21–30 and over 50 years of age 
(p¼ 0.997).

The sperm grade A values were similar between 
the age groups 21–30 and 31–40 (p¼ 0.905), while a 
progressive decline was observed with increasing male 

Table 2. Descriptive characteristics of 8046 cases. The data 
are shown as mean ± standard deviation (SD) or % and num
ber (n).
Parameter Overall (n¼ 8046)

Paternal age (mean ± SD) 37.39 ± 6.16
Sperm concentration (mean, 10⁶/ml) 31.28 ± 28.17
Male age groups 21–30 12% (n¼ 995)

31–40 60% (n¼ 4786)
41–50 25% (n¼ 2039)
50þ 3% (n¼ 226)

Sexual abstinence 3–5 day
Female age (mean) 34.47 ± 5.49
Female age groups 20–30 31.9% (n¼ 2570)

31–40 58.4% (n¼ 4697)
41–50 9.7% (n¼ 779)

Pregnancy (n¼ 5583) positive 56.6% (n¼ 3162)
negative 43.4% (n¼ 2421)

Figure 1. Pie chart demonstrating the distribution of men 
with normozoospermia, oligozoospermia, oligoasthenozoosper
mia, azoospermia, and asthenozoospermia based on the sixth 
edition of the WHO laboratory manual for the examination 
and processing of human semen, 2021.
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age (p¼ 0.002 for the age group 41–50 and p¼ 0.000 
for men over 50 years of age in comparison to those 
aged 21–30) (Table 3). A similar trend was observed 
for grade B. The age groups 41–50 and over 50 years 
of age displayed lower grade B values, compared to 
the age group 31–40 (p¼ 0.039 and p¼ 0.000, respect
ively). As for progressive motility, this was highest in 
men in the 31–40 age group (p¼ 0.000, p¼ 0.034, and 
p¼ 0.005 in comparison to the age groups 21–30, 41– 
50, and over 50 years, respectively).

Interestingly, the 21–30 age group demonstrated a 
higher rate of azoospermia in comparison to the age 
groups 31–40 and 41–50 (p¼ 0.000 and p¼ 0.000, 
respectively). Asthenozoospermic and oligoastheno
zoospermic men were observed most frequently in 
men over 50 years of age, though a significant 
increase was observed in all age groups in comparison 
to the 21–30 year age group (p¼ 0.000, p¼ 0.000, and 
p¼ 0.000 in men aged 31–40, 41–50, and over 
50 years, respectively). Normozoospermia and oligo
zoospermia were least frequently observed in men 
over 50 years of age (p¼ 0.000) when compared to 
the other age groups.

Both MANOVA and the Pearson Chi-Square analysis 
with respective post hoc tests resulted in similar preg
nancy rates among all the age groups (p¼ 0.741). Live 
births were most frequently observed in the age 
group 31–40, with a significant decrease in the 41–50 
and 50þ age groups in comparison to the 21–30 age 
group (p¼ 0.000, p¼ 0.004, p¼ 0.001 respectively).

As shown in Table 4, pregnancy rates were similar 
among the three maternal age groups. On the other 
hand, live birth rates were highest in the 20–30 age 
group, with a significant decrease with increasing 
maternal age.

4. Discussion

Controversy remains in literature as to whether male 
age affects semen quality and male fertility status. 
Although the relationship between advanced maternal 
age and declining fertility is well documented, the 
debate about the impact of age on men continues. 
The conflicting results of previous studies and the lack 
of a large-scale study focusing on Turkish men 
prompted us to further investigate the impact of male 
age on semen quality and fertility for 8046 men 
attending an infertility center. To our knowledge, this 
is the largest study in Turkey aiming to investigate 
age-related semen parameters and fertility. Our find
ings show a decline in semen quality and live birth 
associated with aging.

This study involved men aged between 21 and 
65 years, who were analyzed in four age groups. 
Maternal age was limited to under 45 years and dem
onstrated an increase with paternal age. The men 
aged between 31–50 years displayed higher sperm 
concentrations than those below 30 or above 50 years 
of age. Progressive motility was highest in men 
between 31–40 years of age. Both grade A and grade 
B progressively decreased with advanced male age. 
Overall, we found a significant decrease in sperm 

Table 3. Comparison of semen parameters, pregnancy and live birth rates according to the paternal age.
Male age (year) 21–30 31–40 41–50 50þ

Maternal agea (mean ± SD) 27.91 ± 4.14### 33.79 ± 4.51��� 33.83 ± 4.85��� 38.97 ± 3.94
���###

Sperm concentration (106/ml)a 24 26��� 24�� 21
(min–max) (0–144) (0–223) (0–280) (0–158)
Motility Grade Aa 6% 6% 5%� 4%���

(min–max) (0–71) (0–85) (0–67) (0–61)
Motility Grade Ba 30% 30% 30%# 25%###

(min–max) (0–84) (0–100) (0–100) (0–81)
Progressive motilitya 40%### 40% 40%# 36%##

(min–max) (0–119) (0–142) (0–127) (0–89)
Azoospermiab 6.53% 3.6%��� 2.99%��� 7.52%
Oligozoospermiab 19.40% 17.13% 17.41% 10.18%���

Asthenozoospermiab 5.62% 9.77%��� 9.86%��� 16.37%���

Oligoasthenozoospermiab 16.28% 14.13% 16.48% 22.57%���

Normozoospermiab 52.16% 55.41% 53.26% 43.36%���

Pregnancy ratesb,c positive 58.17% 56.69% 55.67% 57.14%
negative 41.83% 43.31% 44.33% 42.86%

Live birtha,c 52.1%### 73.4��� 42.02
��### 44.6

��###

aKruskal–Wallis Tamhane’s T2 Post hoc. bChi-square Bonferroni Post hoc. cMANOVA.
Data are presented as mean ± SD and min–max. Significant difference compared to the 21–30 age group (�p< 0.05, ��p< 0.01, and ���p< 0.001). 
Significant differences compared to the 31–40 age group (#p< 0.05, ##p< 0.01, and ###p< 0.001).

Table 4. Pregnancy and live birth rates by maternal age.
Women age (year) 20–30 31–40 41–50

Pregnancy ratesb,c positive 57.9% 56.6% 54.7%
negative 42.1% 43.4% 45.3%

Live birtha,c 76.3%### 59.6%��� 46.1%
���##

aKruskal-Wallis Tamhane’s T2 Post hoc. bChi-square Bonferroni Post hoc. 
cMANOVA.
Data are presented as %. significant difference compared to the 20–30 
age group (���p< 0.001). Significant differences compared to the 31–40 
age group (##p< 0.01, and ###p< 0.001).
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concentration and progressive sperm motility in men 
over 50 years of age. In accordance with these find
ings, normozoospermia was least common, and asthe
nozoospermia and oligoasthenozoospermia were most 
frequent in men over 50 years of age.

Our results on semen parameters are consistent 
with many of the previously published studies. Various 
studies suggest a deterioration in semen quality with 
advanced male age [8, 12, 13, 23–27]. The optimal 
semen quality, according to the WHO criteria, is 
between the ages of 30–35 [2, 3]. The highest sperm 
concentration, total motility, semen volume, total 
sperm count, and progressive motility are observed 
between the ages of 30 and 39, and morphological 
abnormalities are lowest in this age group [28]. Lower 
sperm concentration and poor sperm morphology are 
observed in men aged over 40 years [8]. Li et al. 
reported diminished sperm concentration and lower 
total sperm count for men above the ages of 58 and 
42, respectively [13]. Significant deterioration in sperm 
parameters and an increased demand for ICSI is 
detected in men over 50 years of age [25]. When 
investigating the relationship between age and sperm 
parameters, numerous studies have examined the 
impact of sperm chromatin integrity, DNA damage 
and oxidative stress as potential factors contributing 
to poor sperm parameters. A recent study reported 
reduced sperm concentrations accompanied by mito
chondrial damage and changes in chromatin density, 
leading to apoptotic cell death [29]. Lower progressive 
motility and a higher rate of sperm DNA fragmenta
tion are detected with advancing age in men [30, 31]. 
A recent study revealed elevated sperm chromatin 
damage and a two-fold increase in the DNA fragmen
tation rate among men above the age of 40 [32].

However, contrary to the aforementioned findings, 
some studies report that age does not affect sperm 
parameters. Age-related differences were not detected 
when sperm parameters were evaluated in 390 men 
aged between 21 and 50 years [33]. Similarly, there are 
additional studies reporting no significant changes in 
sperm parameters as men age [17, 18].

One interesting finding in the current study was 
the high proportion of azoospermic men aged 21– 
30 years in comparison to those aged 31–50 years. 
Similarly, Chen et al. reported lower sperm concentra
tions in men younger than 25 years compared to 
those aged 30–45 years [34]. Considering that the best 
semen quality, according to the WHO criteria, is 
observed between 30 and 35 years of age [2, 3], our 
findings indicate that sperm production enhances 
after 30 years of age and declines after 50 years.

The relation of paternal age to the ICSI outcome 
was another question we sought to answer in the cur
rent study. The relationship between male age and 
ART results is also highly controversial in literature. In 
the current study, no significant difference was 
observed when pregnancy rates were compared by 
paternal age. However, live birth rates demonstrated a 
significant difference.

Advanced paternal age is significantly associated 
with elevated risk of miscarriage in ART cycles [14, 25, 
35]. The observed decline in live birth rates in our 
study may be attributed to the increased risk of spon
taneous miscarriage. The highest live birth rates were 
observed in the 31–40 age group. This group also 
demonstrated the highest sperm concentration and 
progressive motility, which were not surprising. Similar 
to our findings, Lai et al. also reported a deterioration 
in semen parameters and decrease in live births with 
increasing age [36]. Negative correlation is observed 
between male age and live birth rates after ICSI cycles 
[37]. Clinical pregnancy and live birth rates decrease in 
men over the age of 50 undergoing ICSI [23]. 
Advanced paternal age affects ICSI outcomes with 
donated healthy young oocytes [16].

There are some studies suggesting that increase in 
paternal age does not affect pregnancy and live birth 
rates in ART [31, 38]. Halvaei et al. proposed that the 
male age effects pregnancy rates, yet this effect may 
be due to the fact that most men with advanced age 
tend to have older female partners [39]. In this study, 
a dramatic decline in live birth rates was observed in 
men aged 41–50 years compared to those aged 31– 
40 years. The mean age of women was similar 
between these two age groups, indicating the factors 
other than maternal age alone could influence repro
ductive outcomes in relation to paternal age.

Most research data indicate that delayed natural 
conception is more likely to occur with advanced male 
age. The current study demonstrated a negative influ
ence on pregnancy outcomes with increasing paternal 
age, which may be due to the increase in embryo 
aneuploidy rates. Garc�ıa-Ferreyra et al. reported 
increased DNA damage, reduced blastocyst develop
ment rates, and higher rates of aneuploidy for 
embryos post-ICSI in men aged over 50 [40]. 
Increasing paternal age is associated with increased 
male infertility, epigenetic changes, DNA mutations, 
and chromosomal aneuploidies [41]. Advanced pater
nal age is linked with reduced natural and intrauterine 
insemination pregnancy and increased spontaneous 
miscarriage rates regardless of maternal age [31, 42].

THE AGING MALE 5



The contradictory outcomes reported in the litera
ture could result from methodological discrepancies 
and variances in the characteristics of study popula
tions. While the concentration of sperm might be 
affected by both intra- and inter-technician variabil
ities, the season of sample collection, and statistical 
methods, sperm characteristics may also be influenced 
by confounding variables related to the population 
such as geography, ethnicity, and environmental con
ditions [43].

2463 cases, either out-of-town or from other hospi
tals were lost to follow up for pregnancy outcomes, 
which presents a limitation in the current study. The 
major strength of this study is its relatively large sam
ple size. To our knowledge, this is the largest study on 
the effect of age on sperm quality and male fertility in 
Turkish men undergoing ICSI. This study revealed that 
advanced male age has unfavorable effects on sperm 
concentration, progressive motility, and live births.
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