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Abstract: Most studies on embryo development have considered female factors, and few studies have introduced the
influence of paternal age on embryo development. In this study, to explore the influence of paternal age on the
development of offspring embryos, women aged 31-35 years old and their husbands aged 22-42 years old were selected
from the assisted reproductive cycle. Their eggs were fertilized by intracytoplasmic sperm injection, the normal
fertilization rates, normal cleavage rates, effective embryo rates, high-quality embryo rates, blastocyst formation rates of
their embryos were statistically analyzed to assess the effects of paternal sperm on embryonic development at different
ages. The results showed that for mothers between 31 -35 years old, when fathers were between 28 -36 years old, the
embryo development were better, indicating that the sperm quality of fathers in this age group may be the best, and the
most conducive to embryo development. When paternal age were more than 36 years old, the normal fertilization rates,
effective embryo rates, high-quality embryo rates, blastocyst formation rates all decreased with age increased. This
finding suggested that men should have children no later than the age of 36.
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1 INTRODUCTION

Currently, approximately 10%-15% couples of reproductive age worldwide are affected by infertility[1]. The main
factors affecting fertility are environmental factors and parental factors[2]. Among them, the most important factors for
both parents are age[3]. Most studies have explored the effect of maternal age on embryonic development, including
multicenter studies[4-10]. However, there are fewer studies on the influence of paternal age[11, 12]. Some studies have
explored the influence of genetic factors such as sperm genes and chromosomes on the development of embryos, but
have not described the influence of sperm from different paternal ages on embryonic development[13]. In addition,
there are some studies showed conflicting results[14, 15].
In order to further clearly explore the influence of paternal age on embryo development, this study selected 31-35 years
old females which are the main infertility group to explore the influence of their partner's age on the outcome of embryo
development. The fertilization method was selected by intracytoplasmic sperm injection, excluding donor patients and
patients with less than 3 mature eggs, as well as patients undergoing PGT cycle due to genetic or chromosomal factors.
The influence of paternal age on the outcome of embryo development was determined by analyzing five indexes,
normal fertilization rates, normal cleavage rates, effective embryo rates, high-quality embryo rates and blastocyst
formation rates.

2 RESULTS

2.1 Effect of Paternal Age on Normal Fertilization of Ovum

Among women in 31-35 age group, the fertilization rates of eggs are highest when their husbands aged between 28-30
years old (Figure 1). When fathers older than 30 years old, the fertilization rates of eggs showed a slow decline trend
with age increased (Figure 1). The result suggests that the optimal age of fertilization for male sperms may be between
28-30 years old.
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Figure 1 Effect of Paternal Age on Normal Fertilization of Ovum
The influence of paternal sperm from different age group on normal fertilization of eggs was statistically analyzed when the mothers
were between 31-35 years old. （22-24, n=26. 25-27, n=117. 28-30, n=364. 31-33, n=390. 34-36, n=192. 37-39, n=65. 40-42, n=31）

2.2 Effect of Paternal Age on Normal Cleavage of Fertilized Eggs

In Figure 2, the results showed that the normal cleavage rates are almost not affected by paternal age. Normal cleavage
rates of paternal age between 40-42 years old (95.9032%) are slightly lower than that of other groups, the normal
cleavage rates of paternal age between 22-24 years old (97.8846%) are slightly higher than that of other groups, and the
overall normal cleavage rates remains above 95% (Figure 2). The result indicates that paternal age had little effects on
normal cleavage rates.

Figure 2 Effect of Paternal Age on Normal Cleavage
The influence of paternal sperms from different age group on normal cleavage of fertilized eggs was statistically analyzed when the
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mothers were between 31-35 years old. （22-24, n=26. 25-27, n=117. 28-30, n=364. 31-33, n=390. 34-36, n=192. 37-39, n=65. 40-

42, n=31）

2.3 Effect of Paternal Age on Effective Embryo Formation

For paternal age, before 28 years old, the effective embryo rates increased with age (Figure 3). After 30 years, with the
increase of age, the effective embryo rates gradually decreased (Figure 3). Although there is a peak of effective embryo
rates in male aged 37-39 years old, this may be due to the smaller sample size (n=65) (Figure 3). We speculate that this
peak should disappear when the sample size is large enough. This data suggests that the sperms of males aged between
28-30 years old may be most conducive to embryo formation.

Figure 3 Effect of Paternal age on Effective Embryo Formation
The influence of paternal sperms from different age group on effective embryo formation was statistically analyzed when the mothers
were between 31-35 years old. （22-24, n=26. 25-27, n=117. 28-30, n=364. 31-33, n=390. 34-36, n=192. 37-39, n=65. 40-42, n=31）

2.4 Effect of Paternal Age on the Formation of High-Quality Embryos

When paternal ages were younger than 31 years old, the rates of high-quality embryos gradually increased with age
(Figure 4). When paternal ages were older than 33 years old, the rates of high-quality embryos gradually decreased with
the increase of age (Figure 4). Although the data in figure 4 showed a peak in the rates of high-quality embryos between
the ages of 25-27 and 37-39 years old, we also suspected that it was due to the smaller sample sizes (25-27, n=117. 37-
39, n=65) (Figure 4). When the sample sizes are large enough, the two peaks above may be disappeared. This result
suggests that the paternal age between 31-33 years old is most conducive to the formation of high-quality embryos.
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Figure 4 Effect of Paternal Age on the Formation of High-Quality Embryos
The influence of paternal sperms from different age group on the formation of high-quality embryos was statistically analyzed when
the mothers were between 31-35 years old. (22-24, n=26. 25-27, n=117. 28-30, n=364. 31-33, n=390. 34-36, n=192. 37-39, n=65. 40-

42, n=31）

2.5 Effect of Paternal Age on Blastocyst Formation

When paternal ages were older than 36 years old, the rates of blastocyst formation gradually decreased with the increase
of age (Figure 5). But the rates of blastocyst formation were not affected when paternal ages young than 34 years old
(Figure 5). The trough in 28-30 years old group was also suspected to be due to the insufficient sample size (n=364)
(Figure 5). The result indicates that the paternal age less than 36 years old is conducive to blastocyst formation.

Figure 5 Effect of Paternal Age on Blastocyst Formation
The influence of paternal sperms from different age group on blastocyst formation was statistically analyzed when the mothers were

between 31-35 years old. (22-24, n=26. 25-27, n=117. 28-30, n=364. 31-33, n=390. 34-36, n=192. 37-39, n=65. 40-42, n=31）

3 DISCUSSION
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In this study, we investigated the influence of paternal age on the outcome of embryonic development. Eligible women
aged 31-35 years old with infertility were selected from author's reproductive medicine center, which is also the peak
age of infertile women in modern society. Exploring the effect of their husbands’ age on embryo development can better
reflect the influence of male reproductive age on embryo development and the overall fertility in modern society.
In this study, we found that although maternal age shows very important impact on the outcome of embryonic
development, paternal age also plays a role. By comparing the data of normal fertilization rates, normal cleavage rates,
effective embryo rates, good embryo rates and blastocyst formation rates, we found that the best age of male
reproduction may be between 28-36 years old. This result will be helpful to guide the public how to choose the best
male childbearing age, so that the majority of men can reasonably arrange their own birth plan.
The shortcomings of this study including that the data volume is not large enough, and it does not extend the age of
paternal to whole age group also due to the limitation of data volume. If conditions permit, the author will continue to
expand the sample size and the age range of paternal in order to obtain more realistic and useful results.

COMPETING INTERESTS

The authors have no relevant financial or non-financial interests to disclose.

ACKNOWLEDGMENTS

This study is supported by grants from Anxin Research Funds of China Red Cross Foundation and Youth Funds of
Zhongshan hospital, Fudan University (2022ZSQN11).

REFERENCES

[1] Simon L, Emery BR, Carrell DT. Review: Diagnosis and impact of sperm DNA alterations in assisted reproduction.
Best Pract Res Clin Obstet Gynaecol, 2017; 44: 38-56.

[2] Knudsen TB, Kleinstreuer NC. Disruption of embryonic vascular development in predictive toxicology. Birth
Defects Res C Embryo Today, 2011; 93(4): 312-23.

[3] de La Rochebrochard E, Thonneau P. Paternal age >or=40 years: an important risk factor for infertility. Am J
Obstet Gynecol, 2003; 189(4): 901-5.

[4] Grøndahl ML, Christiansen SL, Kesmodel US, Agerholm IE, Lemmen JG, Lundstrøm P, et al. Effect of women's
age on embryo morphology, cleavage rate and competence-A multicenter cohort study. PLoS One, 2017; 12(4):
e0172456.

[5] Tatone C, Amicarelli F, Carbone MC, Monteleone P, Caserta D, Marci R, et al. Cellular and molecular aspects of
ovarian follicle ageing. Hum Reprod Update, 2008; 14(2): 131-42.

[6] Navot D, Bergh PA, Williams MA, Garrisi GJ, Guzman I, Sandler B, et al. Poor oocyte quality rather than
implantation failure as a cause of age-related decline in female fertility. Lancet, 1991; 337(8754): 1375-7.

[7] Handyside AH. Molecular origin of female meiotic aneuploidies. Biochim Biophys Acta, 2012; 1822(12): 1913-20.
[8] Kuliev A, Zlatopolsky Z, Kirillova I, Spivakova J, Cieslak Janzen J. Meiosis errors in over 20,000 oocytes studied

in the practice of preimplantation aneuploidy testing. Reprod Biomed Online, 2011; 22(1): 2-8.
[9] Fragouli E, Alfarawati S, Spath K, Jaroudi S, Sarasa J, Enciso M, et al. The origin and impact of embryonic

aneuploidy. Hum Genet, 2013; 132(9): 1001-13.
[10] Grøndahl ML, Yding Andersen C, Bogstad J, Nielsen FC, Meinertz H, Borup R. Gene expression profiles of single

human mature oocytes in relation to age. Hum Reprod, 2010; 25(4): 957-68.
[11] Horta F, Vollenhoven B, Healey M, Busija L, Catt S, Temple-Smith P. Male ageing is negatively associated with

the chance of live birth in IVF/ICSI cycles for idiopathic infertility. Hum Reprod, 2019; 34(12): 2523-32.
[12] Bartolacci A, Pagliardini L, Makieva S, Salonia A, Papaleo E, Viganò P. Abnormal sperm concentration and

motility as well as advanced paternal age compromise early embryonic development but not pregnancy outcomes:
a retrospective study of 1266 ICSI cycles. J Assist Reprod Genet, 2018; 35(10): 1897-903.

[13] Colaco S, Sakkas D. Paternal factors contributing to embryo quality. J Assist Reprod Genet, 2018; 35(11):1953-68.
[14] Wu Y, Kang X, Zheng H, Liu H, Liu J. Effect of Paternal Age on Reproductive Outcomes of In Vitro Fertilization.

PLoS One, 2015; 10(9): e0135734.
[15] Coban O, Serdarogullari M, Pervaiz R, Soykok A, Yarkiner Z, Bankeroglu H. Effect of paternal age on assisted

reproductive outcomes in ICSI donor cycles. Andrology, 2023; 11(3): 515-22.


