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Abstract: As global demographics shift toward increasing paternal age, the realm of assisted re-
productive technologies (ARTs), particularly in vitro fertilization (IVF) and intracytoplasmic sperm
injection (ICSI), faces new challenges and opportunities. This study provides a comprehensive
exploration of the implications of advanced paternal age on ART outcomes. Background research
highlights the social, cultural, and economic factors driving men toward later fatherhood, with a
focus on the impact of delayed paternity on reproductive outcomes. Methods involve a thorough
review of existing literature, centering on changes in testicular function, semen quality, and genetic
and epigenetic shifts associated with advancing age. Study results point to intricate associations
between the father’s age and ART outcomes, with older age being linked to diminished semen quality,
potential genetic risks, and varied impacts on embryo quality, implantation rates, and birth outcomes.
The conclusions drawn from the current study suggest that while advanced paternal age presents
certain risks and challenges, understanding and mitigating these through strategies such as sperm
cryopreservation, lifestyle modifications, and preimplantation genetic testing can optimize ART
outcomes. Future research directions are identified to further comprehend the epigenetic mechanisms
and long-term effects of the older father on offspring health. This study underscores the need for a
comprehensive approach in navigating the intricacies of delayed fatherhood within the context of
ART, aiming for the best possible outcomes for couples and their children.

Keywords: advanced paternal age; assisted reproductive technologies; sperm quality; genetic risks;
epigenetic shifts; embryo quality; preimplantation genetic testing; delayed fatherhood

1. Introduction

In recent decades, a significant demographic shift has been observed globally, with
an increasing number of men choosing to embrace fatherhood later in life [1]. This trend
towards deferred paternity, caused and/or influenced by an array of social, cultural,
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and economic factors, has profound implications for the realm of assisted reproductive
technologies (ARTs), particularly in vitro fertilization (IVF) and intracytoplasmic sperm
injection (ICSI) [2]. Moreover, the rising prevalence of obesity among reproductive-age
men has emerged as a critical factor influencing male fertility, exacerbating issues related
to age and reproductive outcomes [3,4]. As couples seek ART services at older ages, the
effects of advancing paternal age on reproductive outcomes have become a focal point of
intense research and discussion.

This article aims to elucidate the multifaceted landscape of increasing paternal age
and its ramifications within the context of ART. It delves into the driving forces behind this
demographic shift, such as delayed marriage, extended life expectancies, and the enhanced
efficacy of ART [5]. It also critically examines the burgeoning body of research that seeks
to unravel the complex biological, psychological, and sociocultural dimensions of this
phenomenon. In many countries, there has been a marked increase in the proportion of
older fathers involved in live births, reflecting, as mentioned, a broader trend towards
delayed childbearing [6]. While the ramifications of increased maternal age on fertility and
pregnancy outcomes are well-documented, the implications of advancing paternal age are
less clear and present unique challenges [7,8]. It is important to note that the intersection of
advancing age and obesity introduces additional complications, such as hormonal changes,
oxidative stress, and temperature stress, which are particularly exacerbated by the common
occurrence of varicocele in older males, further impairing fertility [9–11]. The present
work navigates through these complexities, exploring the decline in testicular function
and semen quality as well as the potential genetic and epigenetic shifts that accompany
advancing paternal age.

This study further investigates the consequential impacts of these changes on ART
outcomes, including fertilization rates, embryo quality, implantation success, and the risks
of miscarriages and birth complications [12]. It underscores the need for a comprehensive
approach that considers both the biological and psychological aspects of delayed fatherhood.
The geopolitical, cultural, and psychological dimensions that lead to delayed parenthood
are also dissected, elucidating their roles in shaping contemporary paternity trends and the
associated mental health considerations [2].

As the landscape of reproductive medicine evolves with these demographic shifts,
understanding the intricacies of advanced paternal age becomes crucial. The present paper
not only provides a detailed investigation into the current state of knowledge but also
discusses strategies for mitigating risks associated with delayed fatherhood and outlines
future research directions that can enhance our insight into and management of the effects
of advanced paternal age on ART outcomes [13]. The current article comprises a wide-
ranging narrative ‘voyage’ covering the cellular, molecular, and anatomical aspects of
aging of the male reproductive system all the way to the wider ramifications extending to
reproductive health and well-being.

2. Trends in Increasing Paternal Age and ART

Increasing paternal age in the context of ART is influenced by a myriad of social,
cultural, and economic factors, the increase being variously attributed to delayed marriage,
extended life expectancies, and the enhanced efficacy of ART [14]. Recent demographic
studies have indicated a noticeable shift in family planning, with both men and women
opting to put off parenthood. In England and Wales, the proportion of fathers aged
35–54 years contributing to live births increased from 25% in 1993 to 40% in 2003, illustrating
a broader trend towards postponement of childbearing [6]. In the USA, paternal age at the
time of childbirth has seen a notable upward trend over the past four decades, with the
average age at which men become fathers having risen from 27.4 years in the early 70s to
30.9 in recent times [15].

In numerous nations, guidelines recommend restricting access to ART for men who are
younger than 60 years due to the potential impacts on offspring health and ART outcomes.
This threshold is based on the general observation of increasing risk with advancing
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age, although the rationale behind this specific age is not always clearly articulated [16].
However, in order to minimize the potential risks associated with couples using a sperm
donation program, various countries have implemented age restrictions for sperm donors.
In Great Britain, the age limit is set at 46 years [17], while in the USA it is 40 years [18].
Australia and France have set the age limit at 45 years [19,20], and the European Society of
Human Reproduction and Embryology recommends a limit of 50 years [21]. The absence of
a true drop in male fertility until the age of 45 is evident from the lack of consensus among
these different guidelines.

Meanwhile, although there is much documentation of the unfavorable consequences
of higher maternal age on fertility, including reduced conception rates and higher risks
of complications during pregnancy and childbirth [22], the impact of paternal age is less
well understood [23]. To underscore the increasing relevance of this demographic shift, it is
critical to recognize the corresponding rise in the utilization of IVF, reflecting changes in
reproductive strategies. Over the past 30 years, there has been a significant increase in the
number of IVF cycles initiated, driven by greater societal acceptance and advancements
in reproductive technologies. This trend correlates with the expanding body of research
emphasizing the influence of paternal factors on ART outcomes. Notably, the data from the
Society of Assisted Reproductive Technology (SART) indicate that the average number of
embryos transferred per cycle has been significantly reduced since the late 1990s, paralleled
by a steady increase in the number of pregnancies and live births per cycle, highlighting
the evolving efficiency of ART practices [24].

A systematic review indicated that paternal age did not affect ART outcomes signifi-
cantly up to the age of 45, but beyond this age, there seems to be a decline in pregnancy and
live birth rates. This suggests that 45 could be considered a cautionary threshold for evalu-
ating ART outcomes [25]. Studies show that increasing paternal age is linked to diminished
testicular function [26], leading to decreased sperm concentration and motility [27,28]. This
decline in semen quality, particularly evident in men over 40, has been associated with
reduced fecundity and higher miscarriage rates [29]. In the context of ART, these changes
have significant repercussions. Research studies have shown that among couples who opt
for in vitro fertilization (IVF), the chances of a couple getting pregnant are smaller in males
aged over 40 [29], a trend that is similarly reflected in lower fertilization rates [30], live birth
rates [31], and embryo quality scores [32]. This age-related decline in male fertility factors
underlines the need for scrupulous consideration of paternal age in fertility treatments and
family planning.

Furthermore, the implications of these changes extend beyond reproductive success in
ART. The reduction in semen quality and fertility rates in older men can lead to increased
psychological stress and anxiety related to infertility and the ART process. As such, the
integral role of paternal factors in ART outcomes cannot be understated, necessitating a
holistic approach that takes into account both the biological and the psychological aspects
of late fatherhood [33].

Geopolitical and cultural dynamics also play a role, often leading to delayed parent-
hood and signifying a shift in societal norms and expectations regarding fatherhood [34].
Additionally, postponing fatherhood extends beyond mere physical implications. Studies
have shown an increase in depressive symptoms among men who defer fatherhood, high-
lighting potential mental health consequences [35]. The use of gestational carriers has also
risen, driven by increased awareness, broader access to ART services for various patient
groups, and evolving surrogacy laws, all of which impact paternity trends [36].

The gradual increase in the age at which men become fathers for the first time reflects
changing social and cultural norms [37]. Fatherhood significantly impacts men’s cognitive
and emotional well-being, often leading to unease and uncertainty [38]. Additionally,
the challenges young fathers face in balancing work and parenting further reinforce the
decision to postpone fatherhood [39,40].

In essence, the use of ART among men is dictated by a complex interplay of social,
cultural, and economic influences, ranging from shifts in societal standards and cultural
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expectations to the psychological impact of fatherhood on employment, as well as biological
aspects. A comprehensive understanding of these factors is crucial in effectively managing
the consequences of delayed fatherhood and optimizing the use of ART.

3. Aging and Its Impact on Male Reproductive Health: Anatomical, Cellular, and
Molecular Perspectives

Aging in men brings about notable anatomical changes in the reproductive system,
particularly within the testes, which are critical for maintaining healthy spermatogene-
sis [41]. Figure 1 below illustrates the comprehensive effects of aging, including anatomical
alterations, decreases in semen parameters, hormonal changes, oxidative stress, and DNA
fragmentation, highlighting the multifaceted nature of age-related decline in male fertility.
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As men age, there is a reduction in the number of Sertoli cells, possibly due to com-
promised blood flow to the testes. This decline is often accompanied by a drop in proteins
that are secreted by Sertoli cells, loss of germ cells, and heightened cell apoptosis; more-
over, the number of Leydig cells responsible for testosterone production also diminishes
with age [42]. This leads to a disruption in hormonal balance, specifically in the levels of
testosterone, luteinizing hormone (LH), and follicle-stimulating hormone (FSH), altering
the hormonal milieu essential for spermatogenesis [43]. In older men, the amount of FSH
increases in response to elevated inhibin B levels, a regulatory mechanism for activity in
the testes [7].

These cellular changes are compounded by a general decline in the structural integrity
of the testicular tissue. With age, the testes may exhibit signs of fibrosis and increased
deposition of extracellular matrix, contributing to a thicker basement membrane [44].
These histological alterations can impact the overall functionality of the testes, including
reduced efficiency in sperm production and a potential decrease in overall sperm quality.
Additionally, the testicular vasculature undergoes changes, often leading to compromised
blood flow, which can further affect the health and function of testicular cells [45].

The relationship between traditional semen quality measures (count, motility, and
morphology) and age remains a topic of debate, with various studies yielding inconsistent
findings [46–50]. To quote one example, Frattarelli et al. noted a drop in semen volume and
motility in males aged over 45 [51], and Bellver et al. reported a strong negative association
between father’s sperm motility and concentration [52].

Likewise, Girsh et al. and Duran et al. observed a considerable reduction in a number
of sperm parameters among males over 50 years of age as compared to those under
40 [53,54]. In contrast to these results, studies by Beguería et al. and Ferreira et al. presented
varying findings, with Beguería et al. noting a decrease in semen amount and motile sperm
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count but an unexpected increase in sperm concentration and Ferreira et al. observing no
noteworthy link between sperm parameters and paternal age in normozoospermic and
oligozoospermic individuals [55,56].

The inconsistent findings may be attributed to the perplexing influence of variations in
ejaculatory frequency that often occur with male aging [57]. These inconsistencies may also
indicate variations across research in the level of detail in the basic semen analysis. Studies
have consistently demonstrated a decrease in key sperm parameters such as semen volume,
sperm count, motility, morphology, and viability as paternal age advances [14,16,58,59].
Notably, a marked reduction in semen volume, which starts at 45 years old, has been
reported, this being expected to diminish by 0.22 mL every 5 years (p < 0.001) [55]. Sperm
motility has also been reported to decrease annually by 0.6% to 0.5% starting from the age
of 40 (p < 0.001) [60].

The application of Computer-Assisted Sperm Analysis (CASA) for detailed evaluation
of sperm movement characteristics consistently reveals a marked decrease in sperm motility
quality as paternal age increases, a finding that has been recurrently observed across
various studies [61–63]. Aging can impact aspects of sperm function that are not typically
evaluated in standard semen analyses. Studies have shown that advanced paternal age
leads to significant changes in sperm ultrastructure [64] and alterations in the sperm
proteome [65–67]. These variations can impact the integrity of structures and proteins
that play a crucial role in sperm motility and fertilization. In addition, a comprehensive
examination of the sperm’s metabolome and proteome revealed that paternal age affects
certain proteins involved in energy metabolism and oxidative stress [67]. This observation
is significant because it aligns with other findings indicating that oxidative stress plays a
crucial role in the reduction of male fertility as individuals age, as predicted by the free
radical theory of aging [68].

4. Paternal Aging: Effects on Sperm Integrity, Epigenetics, and Reproductive
Health Implications

In addition to traditional semen parameters, there has been an examination of the
genetic traits of sperm as related to paternal age. With advancing age in males, there is
an increased vulnerability of the germ line to oxidative damage, characterized by lipid
peroxidation, a reduction in the effectiveness of DNA repair processes, and a significant
augmentation in DNA fragmentation [69].

This rise in oxidative damage to the germ line could be attributable to a diminishment
in the levels of antioxidant protection that these cells have accumulated over the years [70].
This oxidative-induced damage to sperm DNA predominantly takes place during the
postmeiotic phase of the male gamete’s development [71–74]. Several research studies
have observed a striking link between the father’s age and sperm chromatin packing,
indicating a decline in the integrity of sperm chromatin with age [75]. Meanwhile, other
research has reported a rise in sperm DNA fragmentation in males aged 50 years and above,
correlating with lower rates of blastocyst formation, although not with the proportion
of high-quality blastocysts [76]. Additionally, some studies have highlighted the fact
that, beyond DNA fragmentation and oxidative stress, advanced paternal age adversely
affects sperm chromatin integrity, encompassing not only the integrity of DNA strands but
also the higher-order structural and epigenetic organization of chromatin. This includes
modifications of histones, changes in the ratio of histones to protamines, and alterations in
the spatial conformation of chromatin. These factors are crucial in determining the success
of ART procedures as they influence the functional capacity of sperm to successfully fertilize
an oocyte and support normal embryonic development [14,77,78]. Moreover, increased
concentrations of sperm reactive oxygen species (ROS) linked to the older age of fathers may
be lessened through the addition of antioxidants. The latter intervention could potentially
enhance both the rates of fertilization and implantation, as well as embryo quality [79,80].

As men age, their testes are increasingly subjected to oxidative stress, which acti-
vates telomerase activity and consequently leads to an increase in sperm telomere length
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(STL) within the germ line. This change in STL, which is crucial for chromosome stability
and cellular division, is a notable aspect of how paternal age affects sperm characteris-
tics. Regarding male fertility, several studies have observed a clear correlation between
telomere length and oxidative stress. More specifically, heightened levels of oxidative
stress have been correlated with reduced sperm telomere length, while moderate oxidative
stress appears to increase telomere length [81]. Longer telomeres extend the replication
capacity of cell lineages before reaching the Hayflick limit and apoptosis. This increased
replication might raise the risk of mutations and prolonged exposure to environmental
hazards. Recent research suggests a connection between longer telomeres and increased
cancer risks, including melanoma and lung adenocarcinoma [82]. Some research studies
have demonstrated a positive connection between embryo quality and STL without this
necessarily being associated with pregnancy rates [83]. The longer STL in older men may
result from elevated testicular telomerase activity or the selective depletion of spermatogo-
nial stem cells with shorter telomeres, a phenomenon known as ‘selfish spermatogonial
selection’ [84].

Intriguingly, while paternal age does not significantly affect overall sperm aneuploidy
rates, with research showing no major differences in chromosomal aberrations between
older and younger men [85], among older men, observations have been made of a higher
prevalence of chromosomal deletions, duplications, and balanced translocations in their
sperm. This may be attributable to accumulated mutations during spermatogenesis and
sperm transit [86,87]. Significantly, approximately 75% of new mutations in the human
species stem from male reproductive cells and are tightly linked to paternal age [88]. These
mutations are diverse and may result from replication errors and insufficient repair of DNA
damage within male reproductive cells, which is exacerbated by age. It is important to note
that mainly single-strand DNA breaks are repaired and less often double-stranded ones,
predominantly involving the base excision repair (BER) DNA repair system. Moreover,
up to 8% of sperm nuclear DNA damage can be repaired by the oocyte post-fertilization.
The sperm is equipped with the OGG1 enzyme, which detects and initiates the repair of
oxidative DNA damage. As a result of its action, abasic (AP) sites are created, which, if not
properly repaired after fertilization, may lead to mutations [89]. DNA damage in sperm
increases exponentially with paternal age [90], contributing to issues observed in ART
outcomes and early pregnancy loss [91,92]. Post-fertilization, any imprecise repair of sperm
DNA damage can lead to mutations affecting offspring health. This ‘post-meiotic oocyte
collusion theory’ suggests a collaborative influence of both male and female germ lines in
mutation formation, with older age impacting DNA integrity in spermatozoa and the DNA
repair capacity of the oocyte [90,93–95].

Furthermore, oxidative stress in sperm due to aging particularly affects chromosome
15, which is known to be linked with various neuropathological conditions and sensitive
to oxidative damage [95,96]. Such susceptibility to oxidative stress, especially within the
interlinker regions of sperm chromatin, may lead to mutations associated with a range
of disorders often associated with the older age of the father, emphasizing the complex
interplay between oxidative stress, the father’s age, and the risk for genetic disorders in
offspring [97–100].

Epigenetic modifications in older males, specifically in DNA methylation patterns and
chromatin structure, are garnering significant research interest due to their potential impact
on offspring phenotypes, embryo development, and embryonic transcription [33,34]. With
advancing paternal age, sperm DNA methylation signatures undergo notable changes
affecting gene function [16,101]. Aging male spermatozoa exhibit several DNA methylation
changes, particularly in CpG regions that regulate genes associated with neurological,
psychiatric, and behavioral disorders. Such disorders, with a higher incidence in children
of older fathers, include spontaneous schizophrenia, bipolar disease, mood disorders, and
autism [86,102]. Recent studies suggest that sperm cell epigenetic profile alterations are
linked to autism-related changes in offspring, indicating a critical mechanism by which
paternal age influences child health and well-being [103].
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The exact molecular processes behind the latter epigenetic alterations in the male germ
line remain under investigation but may be related to oxidative stress, a common aspect
of male reproductive aging. Oxidative stress can alter various epigenetic components in
spermatozoa, including DNA methylation, non-coding RNA species, and the amount and
methylation status of histones [104–106]. The effect of age-related oxidative stress on the
epigenetic state of men’s reproductive cells and its subsequent effects on offspring health is
a burgeoning area of study that promises to significantly enhance our understanding of
paternal influences on development [107].

5. Impact of Advanced Paternal Age on ART Outcomes

Although the adverse effects of the mother’s age on ART outcomes have been richly
documented, the effect of older paternal age comprises a more complex and less understood
landscape. This section delves into the nuanced impacts of paternal age on several features
of ART, including fertilization rates, embryo quality, implantation, miscarriages, and
live birth rates. Table 1 below summarizes the impacts of advanced paternal age on
ART outcomes and potential mitigation strategies, providing a concise overview of the
challenges and solutions identified in this study.

Table 1. Impact and mitigation of paternal aging on ART outcomes.

Aspects of Paternal Aging Impact on ART Outcomes Mitigation Strategies

Semen Quality

- Decline in sperm concentration and
motility, affecting fertilization rates
and embryo development.
Increased sperm DNA
fragmentation, affecting
fertilization and embryo viability.

- Lifestyle changes
(e.g., diet, exercise)

- Sperm cryopreservation

Genetic Risks

- Increased DNA fragmentation,
leading to higher miscarriage rates
and potential chromosomal
abnormalities in offspring.
Increased risk of gene mutations.

- Preimplantation genetic testing
- Genetic counseling

Epigenetic Shifts

- Changes in sperm DNA
methylation patterns, impacting
embryo development and risks of
neurological disorders in offspring.

- Ongoing research into epigenetic
interventions and their effects

Psychological Aspects
- Increased stress and anxiety related

to infertility and the ART process.
- Psychological support and

counseling for prospective fathers

Impact on Embryo and Birth Outcomes

- Lower blastocyst development rates
and increased risk of adverse birth
outcomes (e.g., low birth weight,
preterm birth).

- Long-term follow-up studies of
offspring health

- Genetic screening and counseling

Long-Term Offspring Health
- Higher risk of genetic and

neurodevelopmental disorders in
children of older fathers.

- Long-term follow-up studies of
offspring health.

- Genetic screening and counseling

Despite conflicting results and limited data, emerging trends highlight the intricate
links between paternal age and ART outcomes [53,108–111].

5.1. Impact of Paternal Age on Fertilization Rates

Numerous studies have examined the impact of paternal age on fertilization rates,
particularly within the context of ART, revealing a pattern of decline in older male cohorts.
Luna et al. noted a significant decrease in conception rates using IVF among men aged 50
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and above, considering the age of egg recipients [27]. Kaarouch et al. similarly observed
reduced fertilization rates in males over 40 compared to younger men. However, in cases
employing intracytoplasmic sperm injection (ICSI) [108], no unfavorable impact of paternal
age was reported on rates of fertilization (p = 0.008) [53]. Tiegs et al. additionally observed
a drop in fertilization rates as paternal age increased, even after adjusting for the age
of egg donors [112]. Moreover, Duran et al. [53] saw a considerable diminishment in
fertilization rates that correlated with paternal age in the ICSI subgroup, in particular when
a comparison was made between men aged 25–38 and those aged >50.

By contrast with the above findings, other studies present a varied perspective. John-
son et al. pointed to a trade-off between aging in males and early offspring fitness, suggest-
ing a potential influence on fertilization [113]. Hassan & Killick argued that standard sperm
evaluations might not fully capture the fertilizing capacity in the context of aging [114].
Meanwhile, Wu et al. reported no significant impact of paternal age on fertilization rates.
Collectively, the latter studies point to intricate links between the father’s age and ART
outcomes, with evidence indicating a decline in fertilization ability in older males, though
some results showed no clear effect [115]. This underscores the need for further research to
unravel the enigma concerning how advanced paternal age influences ART success.

The effects of advanced paternal age on fertilization rates using ART are complex and
multifaceted, stemming from various biological mechanisms. As men age, their risk of de
novo mutations of sperm increases, potentially altering its genetic integrity and impairing
its fertilizing power [116,117]. Changes to genetic imprinting due to aging may alter
gene expression patterns critical for early embryonic development, potentially decreasing
fertilization success and leading to difficulties during fertilization [118]. Advanced paternal
age has also been linked to an increased risk of genetic diseases that could reduce sperm’s
effectiveness at fertilizing an egg effectively, as well as declining quality due to DNA
fragmentation and chromosomal anomalies [107]. Age-related changes to sperm contribute
to both decreased quantity and quality, further decreasing fertilization rates. Genetic
and epigenetic alterations suggest a complex but clear pathway through which advanced
paternal age influences fertilization outcomes in ART.

5.2. Effect of Paternal Age on Embryo Quality

There has been an ever-increasing focus in recent research on the impact of older
paternal age on embryo development and quality in ART. A variety of studies have shown
that as men age, there are discernible changes in embryo development rates and quality.
A study by Luna et al. reported a drop in the quantity of embryos, having over seven
cells on day 3, while a slower pace of blastulation with increasing paternal age [27]. In a
study using an egg donation model for ICSI, Girsh et al. found a significant age difference
between males in the pregnant group (average age 43.2 ± 8.1 years) and the non-pregnant
group (average age 46.8 ± 7.8 years), with a lower proportion of high-quality embryos
on day 3 in the non-pregnant group [54]. Frattarelli et al. reported a decline in blastocyst
development in males over 55 years, noting a reduction in blastulation rates starting from
age 50 [51]. Similarly, Chapuis et al. identified a decrease in blastocyst development rates
in couples where the male partner was over 50 years old during IVF procedures [119].

Complementing these findings, García-Ferreyra et al. associated older paternal age
with higher aneuploidy rates in embryos coming from donated oocytes, signifying a
potential impact on chromosomal abnormalities and embryo quality [120]. Wu et al.
provided further insights when analyzing the effect of paternal age on various aspects of
embryo quality, such as fertilized oocytes and viable embryos [121]. García-Ferreyra et al.
also underlined the correlation between advanced father’s age and aneuploidy rates [76].

Adding to this, a recent meta-analysis reported increased rates of blastocyst formation
and a higher number of cleavage-stage embryos when the paternal age was under 50 years,
again highlighting the controlled maternal age as a significant factor [122]. These findings
underscore the nuanced impact of paternal age, suggesting that its negative effects may be
mitigated in contexts where maternal factors are standardized.
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These studies collectively highlight a potential relationship between higher paternal
age and various facets of embryo quality, including aneuploidy rates, blastocyst develop-
ment, and the overall quality of embryos. They suggest that advanced paternal age could
well be related to impaired embryo development and a heightened risk of chromosomal
abnormalities, thus impacting reproductive outcomes in ART. The need for further research
to elucidate the mechanisms behind these observations and to develop strategies to enhance
embryo quality in ART is evident from these diverse and insightful studies.

Advanced paternal age leads to significant genetic and epigenetic changes that ad-
versely affect embryo development and quality. As men age, the structural integrity of
sperm DNA diminishes, resulting in increased fragmentation. This fragmentation can
impair early embryonic development, compromising both the quality and viability of
embryos [86]. Additionally, sperm from older males are more prone to chromosomal
anomalies, such as aneuploidies and Y chromosome microdeletions. These abnormali-
ties can disrupt chromosomal segregation during embryo development, increasing the
likelihood of miscarriages and diminishing embryo quality [78].

Epigenetic alterations, including changes in DNA methylation and histone configura-
tions, also significantly influence development by altering gene expression in sperm. These
modifications can be inherited by embryos, disrupting normal developmental processes
and potentially leading to delays or abnormalities [7]. Moreover, these genetic defects and
epigenetic changes contribute to what is termed ‘sperm genome decay’, where the overall
genomic integrity of sperm is compromised. Research has shown that this decay negatively
affects the sperm’s fertilization capability, thereby reducing the quality of embryos and the
success rates of ART outcomes [108].

Considering these factors is crucial when assessing embryo quality in ART settings.
Implementing genetic screening for egg donor cycles using sperm from older men is rec-
ommended to identify and mitigate the risks associated with these genomic and epigenetic
changes [123].

5.3. Effect of Paternal Age on Implantation

The influence of paternal age on implantation rates in ART has been the subject of
several significant studies, each contributing unique insights into this complex relationship.
Khandwala et al. conducted a comprehensive cohort study which, while not directly
focused on implantation rates, revealed that higher paternal age is related to higher rates
of premature birth, low birth weight, and lower Apgar scores [124]. These findings,
though indirect, provide valuable context for an enhanced understanding of the broader
implications of paternal age on pregnancy outcomes.

Luna et al. examined ART outcomes in ovum recipients, uncovering a possible impact
of paternal age on pregnancy outcomes and blastocyst formation rates [27]. Though their
research did not explicitly target implantation rates, it pointed to a potential link between
paternal age and overall success in ART procedures. In contrast to the above results,
Wu et al. explored the reproductive outcomes of in vitro fertilization while reporting a
range of differing findings and proposing that paternal age does not appreciably affect
implantation rates [115]. This highlights the complexities and variabilities involved in
determining the specific effects of paternal age on implantation.

Further adding to the conversation, Meijerink et al. observed that embryo implantation
rates tend to decrease as paternal age increases [125]. However, this study also noted
inconsistencies regarding overall pregnancy outcomes and did not account for the age of
the recipient, indicating the need for a more nuanced understanding of these dynamics [125].
Setti et al. offered a more comprehensive view, reporting that paternal age adversely affects
several key factors in ART, including fertilization rates, the quality of embryos on day 3,
blastocyst formation, and implantation rates [126]. The latter study additionally identified
correlations between advanced paternal age and lower rates of pregnancy and live births.

Collectively, the aforementioned studies point to a nuanced association between ad-
vanced paternal age and implantation rates in ART procedures. While some research
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indicates a potential detrimental effect of increased paternal age on implantation and sub-
sequent pregnancy outcomes, other findings present a more complex and less definitive
picture. This diversity in research outcomes underscores the necessity for further stud-
ies in this area in order to more accurately decipher the part played by paternal age in
implantation success and, overall, ART outcomes. In summary, although evidence exists
indicating a correlation between advanced paternal age and implantation rates in ART, the
exact nature and scope of this impact still remain areas of active investigation and debate.

The impact of advanced paternal age on embryo implantation in ART involves various
factors that have been investigated in several studies. It has been observed that the transfer
of euploid embryos resulted in an implantation rate of approximately 60%, while almost
40% of embryos remained unaccounted for, indicating a potential impact of paternal age
on implantation rates [127]. Ferreira et al. documented that paternal age could adversely
impact implantation and pregnancy rates, particularly in cases of oligozoospermia [56].
Furthermore, a decrease was reported in implantation and pregnancy rates with paternal
age in specific maternal age groups, suggesting a potential influence of paternal age on
implantation outcomes [121].

Advanced paternal age has been associated with an increase in sperm DNA fragmen-
tation, contributing to blastocyst formation failure and poor clinical outcomes, which could
impede embryo implantation [76]. This age-related genetic degradation can compromise
embryo integrity by interfering with the early stages of embryo development, leading
to lower implantation rates [108]. Furthermore, increased ROS concentrations in sperm
associated with older paternal ages may damage sperm and embryo DNA. However, in-
terventions like the addition of idebenone have been shown to lower ROS levels, thereby
potentially enhancing embryo quality and improving implantation rates after IVF [79].

Moreover, embryos from older fathers often exhibit decreased quality, evident from
higher miscarriage rates and reduced implantation and live birth rates, likely due to
increased genetic anomalies and epigenetic modifications prevalent in older males [78].
Despite these findings, Dain et al. report no clear correlation between advanced paternal
age and ART outcomes, underscoring the variability and complexity inherent to these
procedures and emphasizing the need for further research to fully understand these dy-
namics [35].

5.4. Effect of Paternal Age on Miscarriages

The extensive discussion surrounding the risks of miscarriage and other negative
reproductive outcomes in older men who undergo ART is complex and nuanced. Although
several studies tend to suggest that there is no major link between paternal age and the
rates of miscarriage or live births, the situation changes slightly when men reach the age of
50 or above [51,110,115,128,129]. After reaching a certain age, a noticeable pattern appears
wherein the number of live births tends to decline while the likelihood of miscarriage
increases. The risk of miscarriage notably rises, especially beyond the age of 50 [130], and
continues to climb even after men reach 40 years old [131]. In addition, offspring of males
above 45 are more likely to experience premature birth, with a reported 14% increase in
risk [124].

However, a recent meta-analysis has shown that paternal age under 50 years sig-
nificantly reduces the miscarriage rate in donor oocyte cycles, where maternal age is
controlled [122]. This introduces a critical perspective into the ongoing debate about the
effects of paternal age, particularly under controlled maternal age conditions.

Nevertheless, there is, at present, no consensus in the literature, and the interpretation
of these results is susceptible to various biases. Maternal age often serves as a confounding
variable that may influence results [52,55,109,112,132–135]. In order to elucidate this issue,
researchers have used IVF data obtained from oocyte donation programs as a means of
partly circumventing the danger associated with maternal age. However, the age of the
pregnant woman is still a risk factor for giving birth prematurely [136]. Besides age, several
variables such as paternal smoking, the type/cause of infertility, the number of previous



J. Clin. Med. 2024, 13, 2731 11 of 23

efforts to achieve ART, maternal smoking habits, and alcohol consumption may significantly
impact ART results, hence contributing to the intricacy of risk assessment [129,131].

While the results vary, the overall pattern indicates that a careful approach should be
used when contemplating ART for older males. Although 12 studies did not discover a
substantial connection between the age of fathers and either miscarriage or live births, other
research has shown a decline in the percentage of successful live births and an increase in
spontaneous miscarriages as men age. These results emphasize the need for meticulous
preimplantation genetic screening as well as the necessity to take into account all possible
factors that might affect the evaluation of risks related to advanced paternal age in assisted
reproductive technology procedures.

Research has consistently demonstrated that paternal age plays a significant role in
miscarriage rates. Men, as they age, experience increased sperm DNA fragmentation
rates that compromise embryo development and raise miscarriage risk [108]. Furthermore,
studies indicate these age-related changes may lead to an accumulation of chromosomal
abnormalities within sperm that, when fertilizing an egg, may result in embryos with
genetic defects predisposing them to miscarriage [86,137].

Additionally, advanced paternal age has been found to negatively impact sperm qual-
ity overall, manifesting as increased abnormal sperm cells and reduced motility; such
changes reduce both successful conception rates as well as increasing risks for poor em-
bryonic outcomes once conception does take place [138,139]. Such findings highlight the
intimate link between paternal age and increased miscarriage rates, thus emphasizing the
necessity for comprehensive genetic screening, as well as carefully considering all paternal
factors when assessing ART risks and outcomes.

5.5. Effect of Advanced Paternal Age and Perinatal Risks

The effect of advanced paternal age on certain birth complications, namely, the risk of
premature birth, low birth weight, and stillbirth, constitute a crucial area of study in the
context of ART procedures. Indeed, a wealth of research has identified a clear association
between advanced father’s age and a number of unfavorable perinatal outcomes.

Risk of Premature Birth: Advanced paternal age has been associated with a higher
risk of premature birth. Studies suggest that fathers aged 40 to 45 years and above may
contribute to a higher incidence of preterm births, with infants also facing increased risks
of low Apgar scores, a measure of the physical condition of a newborn [124]. A population-
based cohort analysis found that 13.2% of premature births were associated with older
fathers, indicating a notable correlation between advanced paternal age and the risk for
preterm delivery in ART outcomes [124]. Additionally, the same study revealed that higher
paternal age is associated with an elevated risk of preterm delivery, gestational diabetes,
and neonatal convulsions [124]. After accounting for many confounders, it was shown
that the odds ratios of birth abnormalities such as cleft lip, diaphragmatic hernia, right
ventricular outflow tract blockage, and pulmonary stenosis increased dramatically with
each additional year of paternal age [140].

However, some studies indicate that the father’s older age may not be independently
linked to any risk of very early preterm delivery [141]. Moreover, another study suggests
that in ART-treated and subfertile couples, no association can be identified between older
paternal age and a higher risk of prematurity, low birth weight, or small for gestational
age, highlighting the variability of findings and the need for further research [133]. This
underscores the complexity of assessing risks and the importance of considering individual
circumstances and a range of contributing factors when evaluating the potential impacts of
advanced paternal age on birth outcomes.

Risk of Low Birth Weight: Advanced paternal age has been linked to a higher risk
of low birth weight in neonates, indicating that there is a greater possibility of infants
born to fathers of an older age weighing less than what is considered normal for their
gestational age at birth. This association holds even when accounting for the age of the
mother, a traditionally recognized factor in birth weight [142]. Advanced paternal age is
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also associated with an increased risk of low birth weight in ART outcomes. The study by
Khandwala et al. further reported gestational diabetes in 18.2% of births associated with
older fathers, which can be a contributing factor to low birth weight [124]. This underlines
the importance of taking paternal age into account in the context of ART treatments and
potential birth outcomes, highlighting the multifaceted implications of older paternal age
on infant health.

Stillbirth Concerns: Advanced paternal age has been associated with a higher rate of
stillbirths, particularly in the case of fathers aged above 40. This suggests a link between
the father’s age and the viability of the pregnancy, with older paternal age contribut-
ing to increased risk during the gestational period [143,144]. It has been observed that
fathers of ages 40–45 have a 24% higher risk of their partner suffering stillbirth; this,
however, is accompanied by a lower risk of small for gestational age (SGA) infants [145].
The association between older fathers and a higher rate of stillbirths is a significant con-
cern in ART outcomes [145]. This underscores the need for careful consideration and
potentially additional monitoring in pregnancies via ART involving older fathers, em-
phasizing the delicate balance and the complex implications of advanced paternal age on
pregnancy outcomes.

Of note, the above adverse outcomes may be influenced by various confounding
factors such as maternal age, lifestyle factors (smoking, alcohol consumption), and the type
of infertility being treated. An association has also been noted between advanced paternal
age and higher risk of gestational diabetes among mothers and infants, complicating the
perinatal period [146]. While important associations have been noted between advanced
father’s age and a number of adverse birth outcomes in the framework of ART, it is
essential to consider that these outcomes may additionally stem from other factors, such as
the specific ART methods used and individual health conditions.

While the research indicates a clear trend towards increased risks with advancing
paternal age, the extent and nature of these risks can vary greatly, with individual outcomes
depending on a multitude of factors. The findings also highlight the variability and
complexity of the impacts of advanced paternal age on ART outcomes, suggesting that a
personalized approach might be necessary for the management of pregnancies involving
older fathers. This evidence forms a crucial component of the current article discussing the
effects of advanced paternal age on ART outcomes.

In conclusion, it is clear that advanced paternal age has, in many cases, been associated
with a higher risk of complications in ART, including premature birth, low birth weight,
and stillbirth. These findings should be integrated into clinical practice to optimize the care
and counseling provided to couples undergoing ART, especially where the paternal factor
is a concern.

Research into the biological mechanisms underlying the association between advanced
paternal age and higher perinatal risks has provided us with important insight into how
genetic and epigenetic changes within sperm may influence these outcomes. As men age,
their sperm becomes subject to genetic mutations and epigenetic modifications that may
significantly compromise the health and development of an embryo. Studies have docu-
mented an accumulation of DNA mutations in sperm from older fathers that can lead to
developmental abnormalities and compromise pregnancies [7,8]. Epigenetic changes often
exacerbate genetic modifications, as changes to DNA methylation patterns can influence
gene expression within an embryo and impact its survival and development [86].

Age also diminishes the quality of semen, leading to decreased motility and increas-
ing incidences of abnormal sperm. These changes reduce the probability of successful
fertilization while simultaneously increasing miscarriages and low birthweight births [108].
Furthermore, advanced paternal age could serve as a proxy for other risk factors that
accumulate with age, such as health conditions or environmental exposures that impact
offspring’s health and further complicate perinatal risks associated with older fathers [147].

Understanding these mechanisms is vital in order to effectively assess risks in ART
treatments, and it stresses the significance of paternal age as a significant factor in prenatal
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care and counseling. With this knowledge comes an ability to create targeted interventions
that may reduce risks and improve perinatal outcomes.

5.6. Effect of Paternal Age on Live Birth Rate

Campos et al. discovered a detrimental impact of increased paternal age on clinical
pregnancy within the context of oocyte donation [111]. However, the authors noted that ma-
ternal age might potentially be a confounding factor. Specifically, the negative association
between pregnancy and age became insignificant when one of the parents was below the
age of 39. Wu et al. conducted a research study that found a decline in clinical pregnancy
rates among males over the age of 36 compared to those under the age of 32 [115]. The
latter was demonstrated among couples of whom the mother was aged 30–34 years. In a
similar manner, Ferreira et al. assessed the results of ICSI based on the age of the father in
men with normal sperm count and men with low sperm count [56]. Upon adjusting for
mother’s age, number of oocytes extracted, sperm concentration, and rate of fertilization,
the authors observed a drop in implantation and pregnancy rates, particularly among older
fathers with oligozoospermia. The researchers reached the conclusion that the likelihood
of successful pregnancy decreases by 5% for every additional year of paternal age in indi-
viduals with oligozoospermia [56]. Various studies have established a connection between
greater paternal age and a longer duration needed for conception after the age of 34 [12], as
well as a reduced success rate in ARTs [14].

In a study conducted by Park et al. on males with azoospermia, it was shown that
couples with male partners beyond the age of 46 had lower clinical pregnancy rates,
regardless of the etiology of azoospermia [148]. Frattarelli et al. observed a direct correlation
between higher rates of pregnancy loss and older paternal age [51]. The study revealed
a notable disparity in the rates of pregnancy loss between males under the age of 50
(41.5%) and those above the age of 50 (24.4%; relative risk 0.61, 95% confidence interval:
0.45–0.84; p < 0.01) [51]. Additional research indicated a tendency towards higher rates
of pregnancy loss among dads of advanced age; however, the findings did not achieve
statistical significance [119].

A number of studies have investigated the effect of paternal age on the frequency
of successful live births [51,128]. McPherson et al. observed a decline in LBR in couples
with advanced maternal age (>35) and paternal age (>40) [128]. The authors postulated
that the detrimental impact of advancing age on SDF (sperm DNA fragmentation), the
oocyte’s cytoplasmic DNA repair systems, and endometrial receptivity could account for
the suboptimal reproductive results observed in couples of older age. Nevertheless, the
authors of the above study cautioned that the damaging effect of paternal age on ART
results is, in fact, a good deal less significant than the influence of the mother’s age [128].
Subsequent to artificial insemination, the pregnancy rate declined by half among males
aged 35 and over [149], while following IVF, the pregnancy rate was considerably altered
among men aged 50 and over [30].

In contrast, other groups did not demonstrate any influence of paternal age on ART
outcomes. In a research study conducted by Bellver et al., it was shown that there were no
statistically significant variations in pregnancy rates and miscarriage rates across various
paternal age categories [52]. Within the subset of egg donors, the researchers observed
a rise in embryo fragmentation linked to paternal age. However, the association was
minimal, casting doubt on its clinical relevance [52]. In a separate research study including
278 couples, Nijs et al. noted no discernible variations in fertilization rates, pregnancy rates,
and live birth rates when the age of the mother was taken into account [75]. However,
this research work excluded males with severe oligoasthenoteratozoospermia (OAT), men
using testicular sperm for ICSI, and instances that included preimplantation genetic testing.

It is of note that most studies that indicated no impact of paternal age on ART results
had limited sample sizes and a smaller number of males over the age of 40 [52,150,151].
However, other research work included large groups of participants and considered such
factors as the age of the mother and the quantity of embryos transplanted in each reproduc-
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tive cycle. Meijerink et al. carried out a study in which they assessed the effect of paternal
age on the first attempt at ART in 7051 couples [125]. The authors additionally evaluated the
influence of paternal age based on the origin of sperm used for ICSI, specifically, ejaculated
sperm and sperm obtained by procedures such as percutaneous epididymal sperm aspi-
ration (PESA), microsurgical epididymal sperm aspiration (MESA), and testicular sperm
extraction (TESE). The latter wide-ranging research study reported no association between
paternal age and continued pregnancy rates achieved via ART. Furthermore, the source of
sperm did not have any impact on the outcomes of pregnancy. In contrast, Whitcomb et al.
noted no negative effect of paternal age in a study comprising 1083 couples who used an
oocyte donor [152]. This finding remained consistent even after accounting for the female
partner’s age.

A study by Begueria et al., which examined an egg donation model using ICSI as the
only fertilization method, reported that male age did not have any impact on pregnancy
outcomes [55]. The latter method includes the rates of biochemical pregnancy (RR: 1.0;
95% CI: 0.96–1.05), miscarriage (RR: 1.06; 95% CI: 0.94–1.03), ongoing pregnancy (RR: 0.98;
95% CI: 0.94–1.033), and live birth (RR: 0.98; 95% CI: 0.94–1.03) [55]. Ghuman et al., who
carried out a study on the effect of advanced paternal age (i.e., 40–45 years of age) in a sperm
donation method, reported analogous results. After considering female age, treatment
technique, and the impact of prior treatment cycles, no correlation was noted between the
father’s age and miscarriage or LBR. Despite these findings, the authors warned that it may
not be feasible to apply their conclusions to a wider population since the sperm used in
the study came from a specific group of donors, even though most men seeking assisted
reproductive technology had abnormal sperm characteristics [109].

In summary, while there are minimal data indicating a potential detrimental effect of
greater paternal age on ART outcomes, the possible association between these two factors
remains uncertain. Among all of the research studies, it is evident that maternal age is the
primary determinant of pregnancy success in IVF and ICSI.

Advanced paternal age profoundly impacts reproductive outcomes, primarily due
to increased SDF. As men age, there is an increase in DNA mutations and chromosomal
aneuploidies, which are linked to reduced fertilization rates, higher miscarriage rates,
and an increase in congenital anomalies. Such genetic risks significantly compromise
embryo quality, reducing implantation rates and live birth rates from IVF/ICSI treatments,
especially notable in fathers over 40 years of age [7,153].

Moreover, the combined effects of paternal and maternal ages intensify these risks,
with advanced age in both parents exacerbating the decline in live birth rates. Interestingly,
the negative impacts of older paternal age on live birth outcomes are somewhat mitigated
when the female partner is under 35, suggesting that younger maternal age can buffer the
adverse effects of aged sperm [128]. Furthermore, advanced paternal age is linked to a
higher risk of adverse birth outcomes such as low birth weight, preterm birth, and stillbirth,
which indirectly affect the live birth rate by compromising pregnancy viability [154,155].

The negative impacts of advanced paternal age on live birth rates arise from a complex
interaction among decreased sperm quality, genetic risks, and combined maternal age
effects. These findings underscore the necessity of reproductive counseling and ART
protocols that take paternal age into account to optimize care and increase the chances
of successful pregnancy outcomes. Further research must be conducted in order to fully
comprehend these dynamics and tailor treatment plans appropriately.

6. Strategies for Deferred Fatherhood and Future Research Directions

ART has revolutionized the treatment of infertility. However, the influence of ad-
vanced paternal age presents unique challenges that impact the success and outcomes of
ART procedures. Understanding these challenges is crucial for the development of strate-
gies to mitigate risks and improve outcomes. Meanwhile, the exact connection between
paternal age and ART results is highly complex and, thus, at present, remains beyond
our understanding. While a considerable amount of research often suggests a detrimental



J. Clin. Med. 2024, 13, 2731 15 of 23

impact, particularly for men aged 40 or above [110,128], pinpointing a specific age threshold
where risks significantly increase remains challenging [111,115]. This ambiguity arises from
the diverse methodologies and demographics employed in studies, along with a diver-
sity of outcome measures, making qualitative comparisons and meta-analyses difficult.
Guidelines from the Society of Obstetricians and Gynecologists of Canada (SOGC) and the
American College of Obstetricians and Gynecologists (ACOG) suggest considering men
aged 40 and above as “older fathers” in ART contexts [156,157] and recommend counseling
regarding the risks of postponing parenthood, which entails probable diminishing success
in ART procedures, as well as a number of health challenges for the offspring.

Despite the expanding corpus of research on ART in older males, numerous questions
remain unresolved. At present, a definitive counseling guideline expressly designed for
older men seeking reproductive assistance is notably absent. In practice, counseling is
predicated on the clinical condition of the patient, the possible existence of comorbidities,
and his social and cultural background. This approach underscores the necessity for a
nuanced and individualized framework to address the unique needs and circumstances of
this demographic.

Oral antioxidants have been extensively used, though with varied outcomes, to mit-
igate the adverse effects of oxidative stress on sperm in men with infertility [158]. This
approach might also be considered for older males, whose sperm are more susceptible to
oxidative harm. Similarly, in the broader community of men with infertility, there is as yet
no knowledge concerning which could be the most efficacious combination(s) of antioxi-
dants nor what their dose and duration should be. While antioxidant supplements could be
efficacious for the enhancement of male productive health in older-aged men, it is crucial to
be aware of ‘the antioxidant paradox’. This term, introduced by Halliwell et al., highlights
the potential downsides to the excessive use of antioxidants [159]. Overexposure to these
reducing agents can lead to reductive stress, a condition similar to oxidative stress, which
might impair the fertilizing potential of the spermatozoa in a manner akin to oxidative
stress itself [160].

In counseling prospective fathers, it is imperative to engage in a comprehensive dis-
course regarding the merits and demerits of deferring paternity. Young men contemplating
postponed fatherhood might consider sperm cryopreservation as a strategic intervention to
ameliorate the age-related decline in fertility. Nonetheless, the decision to opt for elective
sperm freezing necessitates a careful evaluation of several pivotal factors, particularly
as the thawed sperm will require utilization in conjunction with assisted reproductive
techniques [161].

While the utilization of semen from a younger patient may theoretically diminish
the incidence of such conditions as Down syndrome, schizophrenia, and autism spectrum
disorders, the potential compromise to sperm quality and DNA integrity due to the freeze–
thaw process warrants serious consideration [162]. Moreover, beyond these biological risks,
it is critical to meticulously address and evaluate the associated ethical, legal, and financial
implications when counseling potential fathers about sperm cryopreservation [162].

While there are established protocols for sperm storage among patients with conditions
such as nonobstructive azoospermia (NOA) or those undergoing chemotherapy, the absence
of explicit guidelines for sperm freezing solely for the purpose of delayed fatherhood
presents a challenge [163]. Consequently, it is vital to conduct personalized discussions
with each patient, thoroughly weighing the potential benefits against the inherent risks
and uncertainties. This tailored approach ensures informed decision-making, aligning with
each patient’s unique circumstances and aspirations [163].

When providing counseling to older males who are about to undergo ART, it is im-
portant to address the topic of preimplantation genetic testing (PGT). Preimplantation
genetic testing for aneuploidy screening (PGT-a) is often used to identify abnormalities in
embryos and choose healthy embryos for transfer to the uterus. This technique is especially
beneficial for women of advanced age and those who have had repeated pregnancy loss.
The latter approach is also applied to conduct tests for particular genetic diseases, such as
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monogenic and single gene abnormalities (PGT-m), as well as chromosomal structural rear-
rangements (PGT-Sr). The use of PGT may result in an 18% improvement in implantation
rates for older women as compared to using unscreened ICSI embryos [164,165].

Furthermore, it is equally crucial to provide counseling to infertile patients, partic-
ularly those who are aging, on the potential detrimental effects of smoking, exposure to
gonadotoxins, and alcohol usage since all of these factors may significantly affect fertil-
ity [166]. While couples undergoing ART frequently overlook the need for detection and
treatment of underlying disorders linked to infertility, it is crucial to prioritize these features
in the care of males seeking fertility, regardless of their age group. This approach has the
potential to enhance the results of ART procedures [167].

The adoption of antioxidant supplementation, the pursuit of a health-conscious
lifestyle, the management of underlying conditions associated with infertility, and the
preservation of sperm through cryobanking constitute viable strategies for younger in-
dividuals contemplating deferred parenthood. Older persons who are considering ART,
particularly those beyond the age of 50, should contemplate the incorporation of PGT-A as
a prudent aid to mitigate potential genetic risks. This multifaceted approach represents
a proactive stance towards reproductive planning, aligning with contemporary advance-
ments in reproductive health and technology.

Future research directions in the setting of advanced paternal age and ART are crucial
to deepening our understanding and improving outcomes. One critical area demanding
further exploration is the epigenetic mechanisms that accompany advancing paternal age.
In-depth research is needed to elucidate how changes in DNA methylation and histone
modifications, as well as the influence of non-coding RNAs, contribute to paternal age-
related reproductive outcomes. Gaining greater insight into these epigenetic alterations is
essential in order to better comprehend their potential impact on ART outcomes and off-
spring health. Investigations into these mechanisms promise to reveal significant findings
regarding potential therapeutic targets and interventions that can profoundly influence the
field [107].

Another vital future direction involves the implementation of longitudinal studies,
which are essential to monitor and, thereby, increase our knowledge about the long-term
health trajectories of offspring conceived through ART from older fathers. By tracking these
individuals over extended periods, researchers can gather invaluable data on the prevalence
and nature of genetic, neurodevelopmental, and psychiatric disorders. Such long-term
follow-up studies are crucial for a comprehensive understanding of the multifaceted impact
that advanced paternal age has on the health and well-being of progeny [168].

Also, with regard to crucial future directions, employing sophisticated genetic and
epigenetic profiling techniques enabling assessment of the impact of advanced paternal age
on sperm quality, embryo development, and offspring health constitutes yet another vital
area of research. Utilizing these methodologies can provide critical data for identification of
biomarkers and predictive indicators essential for ART success and offspring health [169].

Simultaneously, the design and execution of interventional studies are crucial to
evaluate the effectiveness of lifestyle and health interventions in mitigating the risks
associated with advanced paternal age in ART. Such studies are invaluable for developing
evidence-based strategies aimed at optimizing reproductive outcomes and reducing the
incidence of genetic and neurodevelopmental disorders in offspring [170].

In summary, effectively addressing the challenges posed by advanced paternal age in
ART requires a comprehensive and integrative approach involving clinical interventions,
advancements in research, and multidisciplinary collaboration. By focusing on these
research directions and potential solutions, the field of reproductive medicine is well
positioned to enhance ART outcomes and improve the health and well-being of offspring
conceived through ART with older fathers.
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7. Conclusions

In conclusion, today’s growing trend towards advanced paternal age poses challenges
in ART, involving declining sperm quality, genetic risks, and psychological impacts. Men
aged 40 or older face increased genetic risks and sperm quality decline, though the impact
of these on ART results is smaller than those arising from maternal age. Meanwhile, the
offspring of older fathers are exposed to a greater risk of developing a number of health
issues. In view of all the latter considerations, reproductive medicine must adapt. Strategies
for men considering delayed fatherhood include early disease detection, sperm freezing,
and antioxidants. Preimplantation genetic testing is an option for men over 50 using ART.
A wide-ranging approach is certainly required to plot a course through the numerous
complexities pertaining to advanced paternal age in order to guarantee optimal outcomes
both for couples and for their children in the context of ART.

Author Contributions: A.K. was involved in the conceptualization and writing of the major part of
the original draft, providing a strong foundation for the study. A.Z. (Athanasios Zikopoulos), D.V.,
and C.S. were instrumental in searching the relevant literature and contributed significantly to writing
various parts of the manuscript, ensuring a comprehensive review of existing knowledge. N.V. and
S.S. contributed their expertise through critical review and editing of the manuscript, enhancing its
academic rigor. E.N.S. and F.D. also engaged in the critical review process, offering valuable insights
that refined the manuscript further. M.C., N.S. and A.Z. (Athanasios Zachariou), the corresponding
author, were involved in the overarching conceptualization of the study and provided the final
editing and review of the manuscript, ensuring its readiness for publication. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sartorius, G.A.; Nieschlag, E. Paternal age and reproduction. Hum. Reprod. Update 2010, 16, 65–79. [CrossRef] [PubMed]
2. Schmidt, L.; Sobotka, T.; Bentzen, J.G.; Nyboe Andersen, A.; Reproduction, E.; Society Task, F. Demographic and medical

consequences of the postponement of parenthood. Hum. Reprod. Update 2012, 18, 29–43. [CrossRef] [PubMed]
3. Craig, J.R.; Jenkins, T.G.; Carrell, D.T.; Hotaling, J.M. Obesity, male infertility, and the sperm epigenome. Fertil. Steril. 2017,

107, 848–859. [CrossRef] [PubMed]
4. Campbell, J.M.; Lane, M.; Owens, J.A.; Bakos, H.W. Paternal obesity negatively affects male fertility and assisted reproduction

outcomes: A systematic review and meta-analysis. Reprod. Biomed. Online 2015, 31, 593–604. [CrossRef] [PubMed]
5. Mills, M.; Rindfuss, R.R.; McDonald, P.; te Velde, E.; Reproduction, E.; Society Task, F. Why do people postpone parenthood?

Reasons and social policy incentives. Hum. Reprod. Update 2011, 17, 848–860. [CrossRef] [PubMed]
6. Bray, I.; Gunnell, D.; Davey Smith, G. Advanced paternal age: How old is too old? J. Epidemiol. Community Health 2006,

60, 851–853. [CrossRef] [PubMed]
7. Sharma, R.; Agarwal, A.; Rohra, V.K.; Assidi, M.; Abu-Elmagd, M.; Turki, R.F. Effects of increased paternal age on sperm quality,

reproductive outcome and associated epigenetic risks to offspring. Reprod. Biol. Endocrinol. 2015, 13, 35. [CrossRef] [PubMed]
8. Kaltsas, A.; Moustakli, E.; Zikopoulos, A.; Georgiou, I.; Dimitriadis, F.; Symeonidis, E.N.; Markou, E.; Michaelidis, T.M.; Tien,

D.M.B.; Giannakis, I.; et al. Impact of Advanced Paternal Age on Fertility and Risks of Genetic Disorders in Offspring. Genes 2023,
14, 486. [CrossRef] [PubMed]

9. Santi, D.; Lotti, F.; Sparano, C.; Rastrelli, G.; Isidori, A.M.; Pivonello, R.; Barbonetti, A.; Salonia, A.; Minhas, S.; Krausz, C.; et al.
Does an increase in adipose tissue ‘weight’ affect male fertility? A systematic review and meta-analysis based on semen analysis
performed using the WHO 2010 criteria. Andrology 2024, 12, 123–136. [CrossRef] [PubMed]

10. Du Plessis, S.S.; Cabler, S.; McAlister, D.A.; Sabanegh, E.; Agarwal, A. The effect of obesity on sperm disorders and male infertility.
Nat. Rev. Urol. 2010, 7, 153–161. [CrossRef]

11. Kaltsas, A.; Markou, E.; Zachariou, A.; Dimitriadis, F.; Mamoulakis, C.; Andreadakis, S.; Giannakis, I.; Tsounapi, P.; Takenaka, A.;
Sofikitis, N. Varicoceles in Men With Non-obstructive Azoospermia: The Dilemma to Operate or Not. Front. Reprod. Health 2022,
4, 811487. [CrossRef] [PubMed]

https://doi.org/10.1093/humupd/dmp027
https://www.ncbi.nlm.nih.gov/pubmed/19696093
https://doi.org/10.1093/humupd/dmr040
https://www.ncbi.nlm.nih.gov/pubmed/21989171
https://doi.org/10.1016/j.fertnstert.2017.02.115
https://www.ncbi.nlm.nih.gov/pubmed/28366411
https://doi.org/10.1016/j.rbmo.2015.07.012
https://www.ncbi.nlm.nih.gov/pubmed/26380863
https://doi.org/10.1093/humupd/dmr026
https://www.ncbi.nlm.nih.gov/pubmed/21652599
https://doi.org/10.1136/jech.2005.045179
https://www.ncbi.nlm.nih.gov/pubmed/16973530
https://doi.org/10.1186/s12958-015-0028-x
https://www.ncbi.nlm.nih.gov/pubmed/25928123
https://doi.org/10.3390/genes14020486
https://www.ncbi.nlm.nih.gov/pubmed/36833413
https://doi.org/10.1111/andr.13460
https://www.ncbi.nlm.nih.gov/pubmed/37226894
https://doi.org/10.1038/nrurol.2010.6
https://doi.org/10.3389/frph.2022.811487
https://www.ncbi.nlm.nih.gov/pubmed/36303681


J. Clin. Med. 2024, 13, 2731 18 of 23

12. Stone, B.A.; Alex, A.; Werlin, L.B.; Marrs, R.P. Age thresholds for changes in semen parameters in men. Fertil. Steril. 2013,
100, 952–958. [CrossRef] [PubMed]

13. D’Onofrio, B.M.; Rickert, M.E.; Frans, E.; Kuja-Halkola, R.; Almqvist, C.; Sjolander, A.; Larsson, H.; Lichtenstein, P. Paternal age at
childbearing and offspring psychiatric and academic morbidity. JAMA Psychiatry 2014, 71, 432–438. [CrossRef] [PubMed]

14. Halvaei, I.; Litzky, J.; Esfandiari, N. Advanced paternal age: Effects on sperm parameters, assisted reproduction outcomes and
offspring health. Reprod. Biol. Endocrinol. 2020, 18, 110. [CrossRef] [PubMed]

15. Khandwala, Y.S.; Zhang, C.A.; Lu, Y.; Eisenberg, M.L. The age of fathers in the USA is rising: An analysis of 168 867 480 births
from 1972 to 2015. Hum. Reprod. 2017, 32, 2110–2116. [CrossRef] [PubMed]

16. Gourinat, A.; Mazeaud, C.; Hubert, J.; Eschwege, P.; Koscinski, I. Impact of paternal age on assisted reproductive technology
outcomes and offspring health: A systematic review. Andrology 2023, 11, 973–986. [CrossRef] [PubMed]

17. Human, F.; Embryology, A. Code of Practice, 9th ed.; HM Revenue & Customs: Belfast, Ireland, 2023.
18. Practice Committee of the American Society for Reproductive Medicine; The Practice Committee for the Society for Assisted

Reproductive Technology. Guidance regarding gamete and embryo donation. Fertil. Steril. 2021, 115, 1395–1410. [CrossRef]
[PubMed]

19. Fertility Society of Australia & New Zealand. RTAC Code of Practice. Available online: https://www.fertilitysociety.com.au/
rtac-australia-new-zealand/ (accessed on 12 April 2021).

20. Agence de la biomédecine. Avis du Conseil D’orientation émis à L’initiative de Son Président et Concernant L’âge de Procréer.
Available online: https://www.agence-biomedecine.fr/Avis-du-conseil-d-orientation-emis,880 (accessed on 5 July 2017).

21. European Society of Human Reproduction and Embryology. Statements by the Task Force Ethics and Law. Available online: https:
//www.eshre.eu/Specialty-groups/Special-Interest-Groups/Ethics-and-Law/Documents-of-the-Task-Force-Ethics-Law (ac-
cessed on 27 April 2021).

22. Cavazos-Rehg, P.A.; Krauss, M.J.; Spitznagel, E.L.; Bommarito, K.; Madden, T.; Olsen, M.A.; Subramaniam, H.; Peipert, J.F.; Bierut,
L.J. Maternal age and risk of labor and delivery complications. Matern. Child Health J. 2015, 19, 1202–1211. [CrossRef] [PubMed]

23. Phillips, N.; Taylor, L.; Bachmann, G. Maternal, infant and childhood risks associated with advanced paternal age: The need for
comprehensive counseling for men. Maturitas 2019, 125, 81–84. [CrossRef]

24. Jain, T.; Grainger, D.A.; Ball, G.D.; Gibbons, W.E.; Rebar, R.W.; Robins, J.C.; Leach, R.E. 30 years of data: Impact of the United
States in vitro fertilization data registry on advancing fertility care. Fertil. Steril. 2019, 111, 477–488. [CrossRef]

25. Marsidi, A.M.; Kipling, L.M.; Kawwass, J.F.; Mehta, A. Influence of paternal age on assisted reproductive technology cycles and
perinatal outcomes. Fertil. Steril. 2021, 116, 380–387. [CrossRef] [PubMed]

26. Sampson, N.; Untergasser, G.; Plas, E.; Berger, P. The ageing male reproductive tract. J. Pathol. 2007, 211, 206–218. [CrossRef]
[PubMed]

27. Luna, M.; Finkler, E.; Barritt, J.; Bar-Chama, N.; Sandler, B.; Copperman, A.B.; Grunfeld, L. Paternal age and assisted reproductive
technology outcome in ovum recipients. Fertil. Steril. 2009, 92, 1772–1775. [CrossRef] [PubMed]

28. Bartolacci, A.; Pagliardini, L.; Makieva, S.; Salonia, A.; Papaleo, E.; Vigano, 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, 1897–1903. [CrossRef] [PubMed]

29. De La Rochebrochard, E.; Thonneau, P. Paternal age: Are the risks of infecundity and miscarriage higher when the man is aged
40 years or over? Rev. D’épidémiologie Et Santé Publique 2005, 53, 47–55. [CrossRef]

30. Aboulghar, M.; Mansour, R.; Al-Inany, H.; Abou-Setta, A.M.; Aboulghar, M.; Mourad, L.; Serour, G. Paternal age and outcome of
intracytoplasmic sperm injection. Reprod. Biomed. Online 2007, 14, 588–592. [CrossRef] [PubMed]

31. 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, 2523–2532. [CrossRef]

32. Van Opstal, J.; Fieuws, S.; Spiessens, C.; Soubry, A. Male age interferes with embryo growth in IVF treatment. Hum. Reprod. 2021,
36, 107–115. [CrossRef]

33. Ilacqua, A.; Izzo, G.; Emerenziani, G.P.; Baldari, C.; Aversa, A. Lifestyle and fertility: The influence of stress and quality of life on
male fertility. Reprod. Biol. Endocrinol. 2018, 16, 115. [CrossRef]

34. Laurentino, S.; Cremers, J.F.; Horsthemke, B.; Tuttelmann, F.; Czeloth, K.; Zitzmann, M.; Pohl, E.; Rahmann, S.; Schroder, C.;
Berres, S.; et al. A germ cell-specific ageing pattern in otherwise healthy men. Aging Cell 2020, 19, e13242. [CrossRef]

35. Dain, L.; Auslander, R.; Dirnfeld, M. The effect of paternal age on assisted reproduction outcome. Fertil. Steril. 2011, 95, 1–8.
[CrossRef] [PubMed]

36. Shandley, L.M.; DeSantis, C.E.; Lee, J.C.; Kawwass, J.F.; Hipp, H.S. Trends and Outcomes of Assisted Reproductive Technology
Cycles Using a Gestational Carrier Between 2014 and 2020. JAMA 2023, 330, 1691–1694. [CrossRef] [PubMed]

37. Paavilainen, M.; Bloigu, A.; Hemminki, E.; Gissler, M.; Klemetti, R. Aging fatherhood in Finland—First-time fathers in Finland
from 1987 to 2009. Scand. J. Public Health 2016, 44, 423–430. [CrossRef] [PubMed]

38. Lewington, L.; Lee, J.; Sebar, B. “I’m not Just a Babysitter”: Masculinity and Men’s Experiences of First-Time Fatherhood. Men
Masculinities 2021, 24, 571–589. [CrossRef]

39. Wang, Z.; Liu, X.; Xu, J.; Yang, Q.; Niu, W.; Dai, S.; Hu, L.; Guo, Y. Paternal age, body mass index, and semen volume are
associated with chromosomal aberrations-related miscarriages in couples that underwent treatment by assisted reproductive
technology. Aging 2020, 12, 8459–8472. [CrossRef] [PubMed]

https://doi.org/10.1016/j.fertnstert.2013.05.046
https://www.ncbi.nlm.nih.gov/pubmed/23809502
https://doi.org/10.1001/jamapsychiatry.2013.4525
https://www.ncbi.nlm.nih.gov/pubmed/24577047
https://doi.org/10.1186/s12958-020-00668-y
https://www.ncbi.nlm.nih.gov/pubmed/33183337
https://doi.org/10.1093/humrep/dex267
https://www.ncbi.nlm.nih.gov/pubmed/28938735
https://doi.org/10.1111/andr.13385
https://www.ncbi.nlm.nih.gov/pubmed/36640151
https://doi.org/10.1016/j.fertnstert.2021.01.045
https://www.ncbi.nlm.nih.gov/pubmed/33838871
https://www.fertilitysociety.com.au/rtac-australia-new-zealand/
https://www.fertilitysociety.com.au/rtac-australia-new-zealand/
https://www.agence-biomedecine.fr/Avis-du-conseil-d-orientation-emis,880
https://www.eshre.eu/Specialty-groups/Special-Interest-Groups/Ethics-and-Law/Documents-of-the-Task-Force-Ethics-Law
https://www.eshre.eu/Specialty-groups/Special-Interest-Groups/Ethics-and-Law/Documents-of-the-Task-Force-Ethics-Law
https://doi.org/10.1007/s10995-014-1624-7
https://www.ncbi.nlm.nih.gov/pubmed/25366100
https://doi.org/10.1016/j.maturitas.2019.03.020
https://doi.org/10.1016/j.fertnstert.2018.11.015
https://doi.org/10.1016/j.fertnstert.2021.03.033
https://www.ncbi.nlm.nih.gov/pubmed/33910758
https://doi.org/10.1002/path.2077
https://www.ncbi.nlm.nih.gov/pubmed/17200938
https://doi.org/10.1016/j.fertnstert.2009.05.036
https://www.ncbi.nlm.nih.gov/pubmed/19539905
https://doi.org/10.1007/s10815-018-1256-8
https://www.ncbi.nlm.nih.gov/pubmed/29995229
https://doi.org/10.1016/S0398-7620(05)84767-4
https://doi.org/10.1016/s1472-6483(10)61050-4
https://www.ncbi.nlm.nih.gov/pubmed/17509198
https://doi.org/10.1093/humrep/dez223
https://doi.org/10.1093/humrep/deaa256
https://doi.org/10.1186/s12958-018-0436-9
https://doi.org/10.1111/acel.13242
https://doi.org/10.1016/j.fertnstert.2010.08.029
https://www.ncbi.nlm.nih.gov/pubmed/20932518
https://doi.org/10.1001/jama.2023.11023
https://www.ncbi.nlm.nih.gov/pubmed/37851614
https://doi.org/10.1177/1403494815620958
https://www.ncbi.nlm.nih.gov/pubmed/26660299
https://doi.org/10.1177/1097184x21993884
https://doi.org/10.18632/aging.103151
https://www.ncbi.nlm.nih.gov/pubmed/32385194


J. Clin. Med. 2024, 13, 2731 19 of 23

40. Reinicke, K. “I thought, Oh shit, because I was 19.” Discourses and practices on young fatherhood in Denmark. Fam. Relatsh. Soc.
2021, 10, 463–478. [CrossRef]

41. Xi, Y.P.; Nette, E.G.; King, D.W.; Rosen, M. Age-related changes in normal human basement membrane. Mech. Ageing Dev. 1982,
19, 315–324. [CrossRef]

42. Jiang, H.; Zhu, W.J.; Li, J.; Chen, Q.J.; Liang, W.B.; Gu, Y.Q. Quantitative histological analysis and ultrastructure of the aging
human testis. Int. Urol. Nephrol. 2014, 46, 879–885. [CrossRef]

43. Dong, S.; Chen, C.; Zhang, J.; Gao, Y.; Zeng, X.; Zhang, X. Testicular aging, male fertility and beyond. Front. Endocrinol. 2022,
13, 1012119. [CrossRef]

44. Nita, M.; Strzalka-Mrozik, B.; Grzybowski, A.; Mazurek, U.; Romaniuk, W. Age-related macular degeneration and changes in the
extracellular matrix. Med. Sci. Monit. 2014, 20, 1003–1016. [CrossRef]

45. Pohl, E.; Gromoll, J.; Wistuba, J.; Laurentino, S. Healthy ageing and spermatogenesis. Reproduction 2021, 161, R89–R101. [CrossRef]
[PubMed]

46. Johnson, S.L.; Dunleavy, J.; Gemmell, N.J.; Nakagawa, S. Consistent age-dependent declines in human semen quality: A
systematic review and meta-analysis. Ageing Res. Rev. 2015, 19, 22–33. [CrossRef]

47. Oliveira, J.B.A.; Petersen, C.G.; Mauri, A.L.; Vagnini, L.D.; Baruffi, R.L.R.; Franco, J.G., Jr. The effects of age on sperm quality: An
evaluation of 1,500 semen samples. JBRA Assist. Reprod. 2014, 18, 34–41. [CrossRef] [PubMed]

48. Zhu, Q.X.; Meads, C.; Lu, M.L.; Wu, J.Q.; Zhou, W.J.; Gao, E.S. Turning point of age for semen quality: A population-based study
in Chinese men. Fertil. Steril. 2011, 96, 572–576. [CrossRef]

49. Eskenazi, B.; Wyrobek, A.J.; Sloter, E.; Kidd, S.A.; Moore, L.; Young, S.; Moore, D. The association of age and semen quality in
healthy men. Hum. Reprod. 2003, 18, 447–454. [CrossRef]

50. Plas, E.; Berger, P.; Hermann, M.; Pfluger, H. Effects of aging on male fertility? Exp. Gerontol. 2000, 35, 543–551. [CrossRef]
51. Frattarelli, J.L.; Miller, K.A.; Miller, B.T.; Elkind-Hirsch, K.; Scott, R.T., Jr. Male age negatively impacts embryo development and

reproductive outcome in donor oocyte assisted reproductive technology cycles. Fertil. Steril. 2008, 90, 97–103. [CrossRef]
52. Bellver, J.; Garrido, N.; Remohi, J.; Pellicer, A.; Meseguer, M. Influence of paternal age on assisted reproduction outcome. Reprod.

Biomed. Online 2008, 17, 595–604. [CrossRef] [PubMed]
53. Duran, E.H.; Dowling-Lacey, D.; Bocca, S.; Stadtmauer, L.; Oehninger, S. Impact of male age on the outcome of assisted

reproductive technology cycles using donor oocytes. Reprod. Biomed. Online 2010, 20, 848–856. [CrossRef]
54. Girsh, E.; Katz, N.; Genkin, L.; Girtler, O.; Bocker, J.; Bezdin, S.; Barr, I. Male age influences oocyte-donor program results. J. Assist.

Reprod. Genet. 2008, 25, 137–143. [CrossRef]
55. Begueria, R.; Garcia, D.; Obradors, A.; Poisot, F.; Vassena, R.; Vernaeve, V. Paternal age and assisted reproductive outcomes in

ICSI donor oocytes: Is there an effect of older fathers? Hum. Reprod. 2014, 29, 2114–2122. [CrossRef] [PubMed]
56. Ferreira, R.C.; Braga, D.P.; Bonetti, T.C.; Pasqualotto, F.F.; Iaconelli, A., Jr.; Borges, E., Jr. Negative influence of paternal age on

clinical intracytoplasmic sperm injection cycle outcomes in oligozoospermic patients. Fertil. Steril. 2010, 93, 1870–1874. [CrossRef]
[PubMed]

57. Lee, D.M.; Nazroo, J.; O’Connor, D.B.; Blake, M.; Pendleton, N. Sexual Health and Well-being Among Older Men and Women in
England: Findings from the English Longitudinal Study of Ageing. Arch. Sex. Behav. 2016, 45, 133–144. [CrossRef] [PubMed]

58. Kasman, A.M.; Li, S.; Zhao, Q.; Behr, B.; Eisenberg, M.L. Relationship between male age, semen parameters and assisted
reproductive technology outcomes. Andrology 2021, 9, 245–252. [CrossRef] [PubMed]

59. Lai, S.F.; Li, R.H.; Yeung, W.S.; Ng, E.H. Effect of paternal age on semen parameters and live birth rate of in-vitro fertilisation
treatment: A retrospective analysis. Hong Kong Med. J. 2018, 24, 444–450. [CrossRef] [PubMed]

60. Auger, J.; Kunstmann, J.M.; Czyglik, F.; Jouannet, P. Decline in semen quality among fertile men in Paris during the past 20 years.
N. Engl. J. Med. 1995, 332, 281–285. [CrossRef]

61. Veron, G.L.; Tissera, A.D.; Bello, R.; Beltramone, F.; Estofan, G.; Molina, R.I.; Vazquez-Levin, M.H. Impact of age, clinical
conditions, and lifestyle on routine semen parameters and sperm kinematics. Fertil. Steril. 2018, 110, 68–75.e64. [CrossRef]

62. Freour, T.; Jean, M.; Mirallie, S.; Barriere, P. Computer-assisted sperm analysis parameters in young fertile sperm donors and
relationship with age. Syst. Biol. Reprod. Med. 2012, 58, 102–106. [CrossRef]

63. Sloter, E.; Schmid, T.E.; Marchetti, F.; Eskenazi, B.; Nath, J.; Wyrobek, A.J. Quantitative effects of male age on sperm motion. Hum.
Reprod. 2006, 21, 2868–2875. [CrossRef]

64. Baccetti, B.; Renieri, T.; Selmi, M.G.; Soldani, P. Sperm morphogenesis, structure and function in humans over 70 years old.
J. Submicrosc. Cytol. 1984, 16, 585–600.

65. Bastos, P.; Freitas, M.J.; Gomes, A.; Vitorino, R.; Fardilha, M. Unravelling the Power of Omics for the Infertile Aging Male. Curr.
Pharm. Des. 2017, 23, 4451–4469. [CrossRef]

66. Liu, F.J.; Liu, X.; Han, J.L.; Wang, Y.W.; Jin, S.H.; Liu, X.X.; Liu, J.; Wang, W.T.; Wang, W.J. Aged men share the sperm protein
PATE1 defect with young asthenozoospermia patients. Hum. Reprod. 2015, 30, 861–869. [CrossRef]

67. Guo, Y.; Li, J.; Hao, F.; Yang, Y.; Yang, H.; Chang, Q.; Kong, P.; Liu, W.; Jiao, X.; Teng, X. A new perspective on semen quality of
aged male: The characteristics of metabolomics and proteomics. Front. Endocrinol. 2022, 13, 1058250. [CrossRef]

68. Liochev, S.I. Reactive oxygen species and the free radical theory of aging. Free. Radic. Biol. Med. 2013, 60, 1–4. [CrossRef]
69. Almeida, S.; Rato, L.; Sousa, M.; Alves, M.G.; Oliveira, P.F. Fertility and Sperm Quality in the Aging Male. Curr. Pharm. Des. 2017,

23, 4429–4437. [CrossRef]

https://doi.org/10.1332/204674320x15931658914802
https://doi.org/10.1016/0047-6374(82)90015-x
https://doi.org/10.1007/s11255-013-0610-0
https://doi.org/10.3389/fendo.2022.1012119
https://doi.org/10.12659/MSM.889887
https://doi.org/10.1530/REP-20-0633
https://www.ncbi.nlm.nih.gov/pubmed/33574214
https://doi.org/10.1016/j.arr.2014.10.007
https://doi.org/10.5935/1518-0557.20140002
https://www.ncbi.nlm.nih.gov/pubmed/35761724
https://doi.org/10.1016/j.fertnstert.2011.06.058
https://doi.org/10.1093/humrep/deg107
https://doi.org/10.1016/s0531-5565(00)00120-0
https://doi.org/10.1016/j.fertnstert.2007.06.009
https://doi.org/10.1016/s1472-6483(10)60305-7
https://www.ncbi.nlm.nih.gov/pubmed/18983742
https://doi.org/10.1016/j.rbmo.2010.03.005
https://doi.org/10.1007/s10815-008-9215-4
https://doi.org/10.1093/humrep/deu189
https://www.ncbi.nlm.nih.gov/pubmed/25073975
https://doi.org/10.1016/j.fertnstert.2008.12.043
https://www.ncbi.nlm.nih.gov/pubmed/19409557
https://doi.org/10.1007/s10508-014-0465-1
https://www.ncbi.nlm.nih.gov/pubmed/25624001
https://doi.org/10.1111/andr.12908
https://www.ncbi.nlm.nih.gov/pubmed/32964702
https://doi.org/10.12809/hkmj177111
https://www.ncbi.nlm.nih.gov/pubmed/30262678
https://doi.org/10.1056/NEJM199502023320501
https://doi.org/10.1016/j.fertnstert.2018.03.016
https://doi.org/10.3109/19396368.2011.642054
https://doi.org/10.1093/humrep/del250
https://doi.org/10.2174/1381612822666161018155247
https://doi.org/10.1093/humrep/dev003
https://doi.org/10.3389/fendo.2022.1058250
https://doi.org/10.1016/j.freeradbiomed.2013.02.011
https://doi.org/10.2174/1381612823666170503150313


J. Clin. Med. 2024, 13, 2731 20 of 23

70. Nago, M.; Arichi, A.; Omura, N.; Iwashita, Y.; Kawamura, T.; Yumura, Y. Aging increases oxidative stress in semen. Investig. Clin.
Urol. 2021, 62, 233–238. [CrossRef] [PubMed]

71. Roque, M.; Esteves, S.C. Effect of varicocele repair on sperm DNA fragmentation: A review. Int. Urol. Nephrol. 2018, 50, 583–603.
[CrossRef]

72. Agarwal, A.; Cho, C.L.; Majzoub, A.; Esteves, S.C. The Society for Translational Medicine: Clinical practice guidelines for sperm
DNA fragmentation testing in male infertility. Transl. Androl. Urol. 2017, 6, S720–S733. [CrossRef]

73. Esteves, S.C.; Roque, M.; Bradley, C.K.; Garrido, N. Reproductive outcomes of testicular versus ejaculated sperm for intracyto-
plasmic sperm injection among men with high levels of DNA fragmentation in semen: Systematic review and meta-analysis.
Fertil. Steril. 2017, 108, 456–467.e451. [CrossRef] [PubMed]

74. Esteves, S.C.; Roque, M.; Garrido, N. Use of testicular sperm for intracytoplasmic sperm injection in men with high sperm DNA
fragmentation: A SWOT analysis. Asian J. Androl. 2018, 20, 1–8. [CrossRef] [PubMed]

75. Nijs, M.; De Jonge, C.; Cox, A.; Janssen, M.; Bosmans, E.; Ombelet, W. Correlation between male age, WHO sperm parameters,
DNA fragmentation, chromatin packaging and outcome in assisted reproduction technology. Andrologia 2011, 43, 174–179.
[CrossRef]

76. Garcia-Ferreyra, J.; Luna, D.; Villegas, L.; Romero, R.; Zavala, P.; Hilario, R.; Duenas-Chacon, J. High Aneuploidy Rates Observed
in Embryos Derived from Donated Oocytes are Related to Male Aging and High Percentages of Sperm DNA Fragmentation. Clin.
Med. Insights Reprod. Health 2015, 9, 21–27. [CrossRef]

77. Rosiak-Gill, A.; Gill, K.; Jakubik, J.; Fraczek, M.; Patorski, L.; Gaczarzewicz, D.; Kurzawa, R.; Kurpisz, M.; Piasecka, M. Age-related
changes in human sperm DNA integrity. Aging 2019, 11, 5399–5411. [CrossRef]

78. Gonzalez, D.C.; Ory, J.; Blachman-Braun, R.; Nackeeran, S.; Best, J.C.; Ramasamy, R. Advanced Paternal Age and Sperm DNA
Fragmentation: A Systematic Review. World J. Men’s Health 2022, 40, 104–115. [CrossRef] [PubMed]

79. Nikitaras, V.; Zander-Fox, D.; McPherson, N.O. Improving Sperm Oxidative Stress and Embryo Quality in Advanced Paternal
Age Using Idebenone In Vitro-A Proof-of-Concept Study. Antioxidants 2021, 10, 1079. [CrossRef]

80. Kaltsas, A. Oxidative Stress and Male Infertility: The Protective Role of Antioxidants. Medicina 2023, 59, 1769. [CrossRef]
81. Mishra, S.; Kumar, R.; Malhotra, N.; Singh, N.; Dada, R. Mild oxidative stress is beneficial for sperm telomere length maintenance.

World J. Methodol. 2016, 6, 163–170. [CrossRef]
82. McNally, E.J.; Luncsford, P.J.; Armanios, M. Long telomeres and cancer risk: The price of cellular immortality. J. Clin. Investig.

2019, 129, 3474–3481. [CrossRef] [PubMed]
83. Yang, Q.; Zhao, F.; Dai, S.; Zhang, N.; Zhao, W.; Bai, R.; Sun, Y. Sperm telomere length is positively associated with the quality of

early embryonic development. Hum. Reprod. 2015, 30, 1876–1881. [CrossRef]
84. Eisenberg, D.T.A.; Kuzawa, C.W. The paternal age at conception effect on offspring telomere length: Mechanistic, comparative

and adaptive perspectives. Philos. Trans. R. Soc. B Biol. Sci. 2018, 373, 20160442. [CrossRef]
85. Andreescu, N.I.; Cosma, M.; Farcas, S.S.; Stoian, M.; Amzar, D.G.; Puiu, M. Assessment of chromosomal aneuploidies in sperm of

infertile males by using FISH technique. Rom. J. Morphol. Embryol. 2016, 57, 173–178.
86. Yatsenko, A.N.; Turek, P.J. Reproductive genetics and the aging male. J. Assist. Reprod. Genet. 2018, 35, 933–941. [CrossRef]
87. Gunes, S.; Hekim, G.N.; Arslan, M.A.; Asci, R. Effects of aging on the male reproductive system. J. Assist. Reprod. Genet. 2016,

33, 441–454. [CrossRef]
88. Gao, Z.; Moorjani, P.; Sasani, T.A.; Pedersen, B.S.; Quinlan, A.R.; Jorde, L.B.; Amster, G.; Przeworski, M. Overlooked roles of DNA

damage and maternal age in generating human germline mutations. Proc. Natl. Acad. Sci. USA 2019, 116, 9491–9500. [CrossRef]
89. Cai, Y.; Cao, H.; Wang, F.; Zhang, Y.; Kapranov, P. Complex genomic patterns of abasic sites in mammalian DNA revealed by a

high-resolution SSiNGLe-AP method. Nat. Commun. 2022, 13, 5868. [CrossRef]
90. Evenson, D.P.; Djira, G.; Kasperson, K.; Christianson, J. Relationships between the age of 25,445 men attending infertility clinics

and sperm chromatin structure assay (SCSA®) defined sperm DNA and chromatin integrity. Fertil. Steril. 2020, 114, 311–320.
[CrossRef]

91. Donatti, L.M.; Martello, C.L.; Andrade, G.M.; Oliveira, N.P.; Frantz, N. Advanced Paternal Age Affects the Sperm DNA
Fragmentation Index and May Lead to Lower Good-quality Blastocysts. Reprod. Sci. 2023, 30, 2489–2494. [CrossRef]

92. Brandt, N.B.; Kristensen, M.L.S.; Catalini, L.; Fedder, J. Effect of paternal health on pregnancy loss-A review of current evidence.
Andrologia 2022, 54, e14259. [CrossRef]

93. Punjabi, U.; Goovaerts, I.; Peeters, K.; Van Mulders, H.; De Neubourg, D. Sperm as a Carrier of Genome Instability in Relation to
Paternal Lifestyle and Nutritional Conditions. Nutrients 2022, 14, 3155. [CrossRef]

94. Horta, F.; Catt, S.; Ramachandran, P.; Vollenhoven, B.; Temple-Smith, P. Female ageing affects the DNA repair capacity of oocytes
in IVF using a controlled model of sperm DNA damage in mice. Hum. Reprod. 2020, 35, 529–544. [CrossRef]

95. Aitken, R.J. Role of sperm DNA damage in creating de-novo mutations in human offspring: The ’post-meiotic oocyte collusion’
hypothesis. Reprod. Biomed. Online 2022, 45, 109–124. [CrossRef] [PubMed]

96. Xavier, M.J.; Nixon, B.; Roman, S.D.; Scott, R.J.; Drevet, J.R.; Aitken, R.J. Paternal impacts on development: Identification of
genomic regions vulnerable to oxidative DNA damage in human spermatozoa. Hum. Reprod. 2019, 34, 1876–1890. [CrossRef]
[PubMed]

97. Zweifel, J.E.; Woodward, J.T. The risky business of advanced paternal age: Neurodevelopmental and psychosocial implications
for children of older fathers. Fertil. Steril. 2022, 118, 1013–1021. [CrossRef] [PubMed]

https://doi.org/10.4111/icu.20200066
https://www.ncbi.nlm.nih.gov/pubmed/33660452
https://doi.org/10.1007/s11255-018-1839-4
https://doi.org/10.21037/tau.2017.08.06
https://doi.org/10.1016/j.fertnstert.2017.06.018
https://www.ncbi.nlm.nih.gov/pubmed/28865546
https://doi.org/10.4103/aja.aja_7_17
https://www.ncbi.nlm.nih.gov/pubmed/28440264
https://doi.org/10.1111/j.1439-0272.2010.01040.x
https://doi.org/10.4137/CMRH.S32769
https://doi.org/10.18632/aging.102120
https://doi.org/10.5534/wjmh.200195
https://www.ncbi.nlm.nih.gov/pubmed/33987998
https://doi.org/10.3390/antiox10071079
https://doi.org/10.3390/medicina59101769
https://doi.org/10.5662/wjm.v6.i2.163
https://doi.org/10.1172/JCI120851
https://www.ncbi.nlm.nih.gov/pubmed/31380804
https://doi.org/10.1093/humrep/dev144
https://doi.org/10.1098/rstb.2016.0442
https://doi.org/10.1007/s10815-018-1148-y
https://doi.org/10.1007/s10815-016-0663-y
https://doi.org/10.1073/pnas.1901259116
https://doi.org/10.1038/s41467-022-33594-1
https://doi.org/10.1016/j.fertnstert.2020.03.028
https://doi.org/10.1007/s43032-023-01209-9
https://doi.org/10.1111/and.14259
https://doi.org/10.3390/nu14153155
https://doi.org/10.1093/humrep/dez308
https://doi.org/10.1016/j.rbmo.2022.03.012
https://www.ncbi.nlm.nih.gov/pubmed/35513995
https://doi.org/10.1093/humrep/dez153
https://www.ncbi.nlm.nih.gov/pubmed/31593593
https://doi.org/10.1016/j.fertnstert.2022.10.029
https://www.ncbi.nlm.nih.gov/pubmed/36347660


J. Clin. Med. 2024, 13, 2731 21 of 23

98. Frans, E.M.; Sandin, S.; Reichenberg, A.; Lichtenstein, P.; Langstrom, N.; Hultman, C.M. Advancing paternal age and bipolar
disorder. Arch. Gen. Psychiatry 2008, 65, 1034–1040. [CrossRef]

99. Croen, L.A.; Najjar, D.V.; Fireman, B.; Grether, J.K. Maternal and paternal age and risk of autism spectrum disorders. Arch. Pediatr.
Adolesc. Med. 2007, 161, 334–340. [CrossRef] [PubMed]

100. Malaspina, D.; Corcoran, C.; Fahim, C.; Berman, A.; Harkavy-Friedman, J.; Yale, S.; Goetz, D.; Goetz, R.; Harlap, S.; Gorman, J.
Paternal age and sporadic schizophrenia: Evidence for de novo mutations. Am. J. Med. Genet. 2002, 114, 299–303. [CrossRef]

101. Day, K.; Waite, L.L.; Thalacker-Mercer, A.; West, A.; Bamman, M.M.; Brooks, J.D.; Myers, R.M.; Absher, D. Differential DNA
methylation with age displays both common and dynamic features across human tissues that are influenced by CpG landscape.
Genome Biol. 2013, 14, R102. [CrossRef]

102. Milekic, M.H.; Xin, Y.; O’Donnell, A.; Kumar, K.K.; Bradley-Moore, M.; Malaspina, D.; Moore, H.; Brunner, D.; Ge, Y.; Edwards, J.;
et al. Age-related sperm DNA methylation changes are transmitted to offspring and associated with abnormal behavior and
dysregulated gene expression. Mol. Psychiatry 2015, 20, 995–1001. [CrossRef] [PubMed]

103. Feinberg, J.I.; Schrott, R.; Ladd-Acosta, C.; Newschaffer, C.J.; Hertz-Picciotto, I.; Croen, L.A.; Daniele Fallin, M.; Feinberg, A.P.;
Volk, H.E. Epigenetic changes in sperm are associated with paternal and child quantitative autistic traits in an autism-enriched
cohort. Mol. Psychiatry 2023, 1–11. [CrossRef]

104. Menezo, Y.J.; Silvestris, E.; Dale, B.; Elder, K. Oxidative stress and alterations in DNA methylation: Two sides of the same coin in
reproduction. Reprod. Biomed. Online 2016, 33, 668–683. [CrossRef]

105. Liang, K.; Yao, L.; Wang, S.; Zheng, L.; Qian, Z.; Ge, Y.; Chen, L.; Cheng, X.; Ma, R.; Li, C.; et al. miR-125a-5p increases cellular
DNA damage of aging males and perturbs stage-specific embryo development via Rbm38-p53 signaling. Aging Cell 2021,
20, e13508. [CrossRef] [PubMed]

106. Sharma, P.; Ghanghas, P.; Kaushal, N.; Kaur, J.; Kaur, P. Epigenetics and oxidative stress: A twin-edged sword in spermatogenesis.
Andrologia 2019, 51, e13432. [CrossRef] [PubMed]

107. Ashapkin, V.; Suvorov, A.; Pilsner, J.R.; Krawetz, S.A.; Sergeyev, O. Age-associated epigenetic changes in mammalian sperm:
Implications for offspring health and development. Hum. Reprod. Update 2023, 29, 24–44. [CrossRef] [PubMed]

108. Kaarouch, I.; Bouamoud, N.; Madkour, A.; Louanjli, N.; Saadani, B.; Assou, S.; Aboulmaouahib, S.; Amzazi, S.; Copin, H.;
Benkhalifa, M.; et al. Paternal age: Negative impact on sperm genome decays and IVF outcomes after 40 years. Mol. Reprod. Dev.
2018, 85, 271–280. [CrossRef]

109. Ghuman, N.K.; Mair, E.; Pearce, K.; Choudhary, M. Does age of the sperm donor influence live birth outcome in assisted
reproduction? Hum. Reprod. 2016, 31, 582–590. [CrossRef]

110. Robertshaw, I.; Khoury, J.; Abdallah, M.E.; Warikoo, P.; Hofmann, G.E. The effect of paternal age on outcome in assisted
reproductive technology using the ovum donation model. Reprod. Sci. 2014, 21, 590–593. [CrossRef] [PubMed]

111. Campos, I.; Gomez, E.; Fernandez-Valencia, A.L.; Landeras, J.; Gonzalez, R.; Coy, P.; Gadea, J. Effects of men and recipients’ age
on the reproductive outcome of an oocyte donation program. J. Assist. Reprod. Genet. 2008, 25, 445–452. [CrossRef] [PubMed]

112. Tiegs, A.W.; Sachdev, N.M.; Grifo, J.A.; McCulloh, D.H.; Licciardi, F. Paternal Age Is Not Associated With Pregnancy Outcomes
After Single Thawed Euploid Blastocyst Transfer. Reprod. Sci. 2017, 24, 1319–1324. [CrossRef]

113. Johnson, S.L.; Zellhuber-McMillan, S.; Gillum, J.; Dunleavy, J.; Evans, J.P.; Nakagawa, S.; Gemmell, N.J. Evidence that fertility
trades off with early offspring fitness as males age. Proc. Biol. Sci. 2018, 285, 20172174. [CrossRef]

114. Hassan, M.A.; Killick, S.R. Effect of male age on fertility: Evidence for the decline in male fertility with increasing age. Fertil.
Steril. 2003, 79 (Suppl. S3), 1520–1527. [CrossRef]

115. 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, e0135734. [CrossRef]

116. Reichenberg, A.; Gross, R.; Weiser, M.; Bresnahan, M.; Silverman, J.; Harlap, S.; Rabinowitz, J.; Shulman, C.; Malaspina, D.; Lubin,
G.; et al. Advancing paternal age and autism. Arch. Gen. Psychiatry 2006, 63, 1026–1032. [CrossRef]

117. Crosnoe, L.E.; Kim, E.D. Impact of age on male fertility. Curr. Opin. Obstet. Gynecol. 2013, 25, 181–185. [CrossRef] [PubMed]
118. Malaspina, D. Paternal factors and schizophrenia risk: De novo mutations and imprinting. Schizophr. Bull. 2001, 27, 379–393.

[CrossRef]
119. Chapuis, A.; Gala, A.; Ferrieres-Hoa, A.; Mullet, T.; Bringer-Deutsch, S.; Vintejoux, E.; Torre, A.; Hamamah, S. Sperm quality and

paternal age: Effect on blastocyst formation and pregnancy rates. Basic Clin. Androl. 2017, 27, 2. [CrossRef] [PubMed]
120. Garcia-Ferreyra, J.; Hilario, R.; Duenas, J. High percentages of embryos with 21, 18 or 13 trisomy are related to advanced paternal

age in donor egg cycles. JBRA Assist. Reprod. 2018, 22, 26–34. [CrossRef]
121. Wu, Y.; Kang, X.; Zheng, H.; Liu, H.; Huang, Q.; Liu, J. Effect of Paternal Age on Reproductive Outcomes of Intracytoplasmic

Sperm Injection. PLoS ONE 2016, 11, e0149867. [CrossRef] [PubMed]
122. Murugesu, S.; Kasaven, L.S.; Petrie, A.; Vaseekaran, A.; Jones, B.P.; Bracewell-Milnes, T.; Barcroft, J.F.; Grewal, K.J.; Getreu, N.;

Galazis, N.; et al. Does advanced paternal age affect outcomes following assisted reproductive technology? A systematic review
and meta-analysis. Reprod. Biomed. Online 2022, 45, 283–331. [CrossRef]

123. Wyrobek, A.J.; Eskenazi, B.; Young, S.; Arnheim, N.; Tiemann-Boege, I.; Jabs, E.W.; Glaser, R.L.; Pearson, F.S.; Evenson, D.
Advancing age has differential effects on DNA damage, chromatin integrity, gene mutations, and aneuploidies in sperm. Proc.
Natl. Acad. Sci. USA 2006, 103, 9601–9606. [CrossRef]

https://doi.org/10.1001/archpsyc.65.9.1034
https://doi.org/10.1001/archpedi.161.4.334
https://www.ncbi.nlm.nih.gov/pubmed/17404129
https://doi.org/10.1002/ajmg.1701
https://doi.org/10.1186/gb-2013-14-9-r102
https://doi.org/10.1038/mp.2014.84
https://www.ncbi.nlm.nih.gov/pubmed/25092244
https://doi.org/10.1038/s41380-023-02046-7
https://doi.org/10.1016/j.rbmo.2016.09.006
https://doi.org/10.1111/acel.13508
https://www.ncbi.nlm.nih.gov/pubmed/34751998
https://doi.org/10.1111/and.13432
https://www.ncbi.nlm.nih.gov/pubmed/31583745
https://doi.org/10.1093/humupd/dmac033
https://www.ncbi.nlm.nih.gov/pubmed/36066418
https://doi.org/10.1002/mrd.22963
https://doi.org/10.1093/humrep/dev331
https://doi.org/10.1177/1933719113506497
https://www.ncbi.nlm.nih.gov/pubmed/24142846
https://doi.org/10.1007/s10815-008-9255-9
https://www.ncbi.nlm.nih.gov/pubmed/18839305
https://doi.org/10.1177/1933719116687660
https://doi.org/10.1098/rspb.2017.2174
https://doi.org/10.1016/s0015-0282(03)00366-2
https://doi.org/10.1371/journal.pone.0135734
https://doi.org/10.1001/archpsyc.63.9.1026
https://doi.org/10.1097/GCO.0b013e32836024cb
https://www.ncbi.nlm.nih.gov/pubmed/23493186
https://doi.org/10.1093/oxfordjournals.schbul.a006882
https://doi.org/10.1186/s12610-016-0045-4
https://www.ncbi.nlm.nih.gov/pubmed/28127436
https://doi.org/10.5935/1518-0557.20180004
https://doi.org/10.1371/journal.pone.0149867
https://www.ncbi.nlm.nih.gov/pubmed/26901529
https://doi.org/10.1016/j.rbmo.2022.03.031
https://doi.org/10.1073/pnas.0506468103


J. Clin. Med. 2024, 13, 2731 22 of 23

124. Khandwala, Y.S.; Baker, V.L.; Shaw, G.M.; Stevenson, D.K.; Lu, Y.; Eisenberg, M.L. Association of paternal age with perinatal
outcomes between 2007 and 2016 in the United States: Population based cohort study. BMJ 2018, 363, k4372. [CrossRef]

125. Meijerink, A.M.; Ramos, L.; Fleischer, K.; Veltman, J.A.; Hendriks, J.C.; Braat, D.D. Influence of paternal age on ongoing pregnancy
rate at eight weeks’ gestation in assisted reproduction. Reprod. Biomed. Online 2016, 32, 96–103. [CrossRef]

126. Setti, A.S.; Braga, D.; Iaconelli Junior, A.; Borges Junior, E. Increasing paternal age and ejaculatory abstinence length negatively
influence the intracytoplasmic sperm injection outcomes from egg-sharing donation cycles. Andrology 2020, 8, 594–601. [CrossRef]

127. Colaco, S.; Sakkas, D. Paternal factors contributing to embryo quality. J. Assist. Reprod. Genet. 2018, 35, 1953–1968. [CrossRef]
128. McPherson, N.O.; Zander-Fox, D.; Vincent, A.D.; Lane, M. Combined advanced parental age has an additive negative effect on

live birth rates-data from 4057 first IVF/ICSI cycles. J. Assist. Reprod. Genet. 2018, 35, 279–287. [CrossRef] [PubMed]
129. Klonoff-Cohen, H.S.; Natarajan, L. The effect of advancing paternal age on pregnancy and live birth rates in couples undergoing

in vitro fertilization or gamete intrafallopian transfer. Am. J. Obstet. Gynecol. 2004, 191, 507–514. [CrossRef]
130. Nybo Andersen, A.M.; Hansen, K.D.; Andersen, P.K.; Davey Smith, G. Advanced paternal age and risk of fetal death: A cohort

study. Am. J. Epidemiol. 2004, 160, 1214–1222. [CrossRef] [PubMed]
131. du Fosse, N.A.; van der Hoorn, M.P.; van Lith, J.M.M.; le Cessie, S.; Lashley, E. Advanced paternal age is associated with an

increased risk of spontaneous miscarriage: A systematic review and meta-analysis. Hum. Reprod. Update 2020, 26, 650–669.
[CrossRef] [PubMed]

132. Tatsumi, T.; Ishida, E.; Tatsumi, K.; Okada, Y.; Saito, T.; Kubota, T.; Saito, H. Advanced paternal age alone does not adversely
affect pregnancy or live-birth rates or sperm parameters following intrauterine insemination. Reprod. Med. Biol. 2018, 17, 459–465.
[CrossRef]

133. Stern, J.E.; Luke, B.; Hornstein, M.D.; Cabral, H.; Gopal, D.; Diop, H.; Kotelchuck, M. The effect of father’s age in fertile, subfertile,
and assisted reproductive technology pregnancies: A population based cohort study. J. Assist. Reprod. Genet. 2014, 31, 1437–1444.
[CrossRef]

134. Bronet, F.; Martinez, E.; Gaytan, M.; Linan, A.; Cernuda, D.; Ariza, M.; Nogales, M.; Pacheco, A.; San Celestino, M.; Garcia-Velasco,
J.A. Sperm DNA fragmentation index does not correlate with the sperm or embryo aneuploidy rate in recurrent miscarriage or
implantation failure patients. Hum. Reprod. 2012, 27, 1922–1929. [CrossRef]

135. Slama, R.; Bouyer, J.; Windham, G.; Fenster, L.; Werwatz, A.; Swan, S.H. Influence of paternal age on the risk of spontaneous
abortion. Am. J. Epidemiol. 2005, 161, 816–823. [CrossRef] [PubMed]

136. Pritts, E.A.; Parker, W.H.; Olive, D.L. Fibroids and infertility: An updated systematic review of the evidence. Fertil. Steril. 2009,
91, 1215–1223. [CrossRef] [PubMed]

137. 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, 515–522. [CrossRef] [PubMed]

138. Stabile, L.A.; Mendes, C.M.; Goissis, M.D.; Sousa, R.G.B.; Nichi, M.; Visintin, J.A.; Hamilton, T.; Assumpcao, M. Paternal age
impairs in vitro embryo and in vivo fetal development in murine. Sci. Rep. 2022, 12, 13031. [CrossRef] [PubMed]

139. Setti, A.S.; Braga, D.; Provenza, R.R.; Iaconelli, A., Jr.; Borges, E., Jr. Oocyte ability to repair sperm DNA fragmentation: The
impact of maternal age on intracytoplasmic sperm injection outcomes. Fertil. Steril. 2021, 116, 123–129. [CrossRef] [PubMed]

140. Green, R.F.; Devine, O.; Crider, K.S.; Olney, R.S.; Archer, N.; Olshan, A.F.; Shapira, S.K.; The National Birth Defects Prevention
Study. Association of paternal age and risk for major congenital anomalies from the National Birth Defects Prevention Study,
1997 to 2004. Ann. Epidemiol. 2010, 20, 241–249. [CrossRef] [PubMed]

141. Basso, O.; Wilcox, A.J. Paternal age and delivery before 32 weeks. Epidemiology 2006, 17, 475–478. [CrossRef] [PubMed]
142. El Rafei, R.; Ghandour, L.; Assaf, G.; Charafeddine, L.; Al Bizri, A.; Alameh, M.; Yunis, K.; National Collaborative Perinatal

National Collaborative Perinatal Neonatal Network, American University of Beirut, Lebanon. Children born to mothers in
their 20s and fathers in their 40s: Evidence for an increased low birth weight and Cesarean Section deliveries in Lebanon. Ann.
Epidemiol. 2018, 28, 368–371. [CrossRef] [PubMed]

143. Urhoj, S.K.; Andersen, P.K.; Mortensen, L.H.; Davey Smith, G.; Nybo Andersen, A.M. Advanced paternal age and stillbirth rate:
A nationwide register-based cohort study of 944,031 pregnancies in Denmark. Eur. J. Epidemiol. 2017, 32, 227–234. [CrossRef]

144. Mayo, J.A.; Lu, Y.; Stevenson, D.K.; Shaw, G.M.; Eisenberg, M.L. Parental age and stillbirth: A population-based cohort of nearly
10 million California deliveries from 1991 to 2011. Ann. Epidemiol. 2019, 31, 32–37.e32. [CrossRef]

145. Alio, A.P.; Salihu, H.M.; McIntosh, C.; August, E.M.; Weldeselasse, H.; Sanchez, E.; Mbah, A.K. The effect of paternal age on fetal
birth outcomes. Am. J. Men’s Health 2012, 6, 427–435. [CrossRef]

146. Rossen, J.; Klungsoyr, K.; Albrechtsen, S.; Lokkegard, E.; Rasmussen, S.; Bergholt, T.; Skjeldestad, F.E. Can oxytocin augmentation
modify the risk of epidural analgesia by maternal age in cesarean sections? Acta Obstet Gynecol. Scand. 2018, 97, 872–879.
[CrossRef] [PubMed]

147. Bernhardt, L.; Dittrich, M.; Prell, A.; Potabattula, R.; Drummer, C.; Behr, R.; Hahn, T.; Schorsch, M.; Muller, T.; Haaf, T. Age-related
methylation changes in the human sperm epigenome. Aging 2023, 15, 1257–1278. [CrossRef]

148. Park, Y.S.; Lee, S.H.; Lim, C.K.; Choi, H.W.; An, J.H.; Park, C.W.; Lee, H.S.; Lee, J.S.; Seo, J.T. Paternal age as an independent
factor does not affect embryo quality and pregnancy outcomes of testicular sperm extraction-intracytoplasmic sperm injection in
azoospermia. Andrologia 2018, 50, e12864. [CrossRef]

149. Mathieu, C.; Ecochard, R.; Bied, V.; Lornage, J.; Czyba, J.C. Cumulative conception rate following intrauterine artificial insemina-
tion with husband’s spermatozoa: Influence of husband’s age. Hum. Reprod. 1995, 10, 1090–1097. [CrossRef]

https://doi.org/10.1136/bmj.k4372
https://doi.org/10.1016/j.rbmo.2015.09.017
https://doi.org/10.1111/andr.12737
https://doi.org/10.1007/s10815-018-1304-4
https://doi.org/10.1007/s10815-017-1054-8
https://www.ncbi.nlm.nih.gov/pubmed/28980182
https://doi.org/10.1016/j.ajog.2004.01.035
https://doi.org/10.1093/aje/kwh332
https://www.ncbi.nlm.nih.gov/pubmed/15583374
https://doi.org/10.1093/humupd/dmaa010
https://www.ncbi.nlm.nih.gov/pubmed/32358607
https://doi.org/10.1002/rmb2.12222
https://doi.org/10.1007/s10815-014-0327-8
https://doi.org/10.1093/humrep/des148
https://doi.org/10.1093/aje/kwi097
https://www.ncbi.nlm.nih.gov/pubmed/15840613
https://doi.org/10.1016/j.fertnstert.2008.01.051
https://www.ncbi.nlm.nih.gov/pubmed/18339376
https://doi.org/10.1111/andr.13363
https://www.ncbi.nlm.nih.gov/pubmed/36482823
https://doi.org/10.1038/s41598-022-16469-9
https://www.ncbi.nlm.nih.gov/pubmed/35906367
https://doi.org/10.1016/j.fertnstert.2020.10.045
https://www.ncbi.nlm.nih.gov/pubmed/33589137
https://doi.org/10.1016/j.annepidem.2009.10.009
https://www.ncbi.nlm.nih.gov/pubmed/20056435
https://doi.org/10.1097/01.ede.0000219740.54796.18
https://www.ncbi.nlm.nih.gov/pubmed/16641617
https://doi.org/10.1016/j.annepidem.2018.04.002
https://www.ncbi.nlm.nih.gov/pubmed/29803236
https://doi.org/10.1007/s10654-017-0237-z
https://doi.org/10.1016/j.annepidem.2018.12.001
https://doi.org/10.1177/1557988312440718
https://doi.org/10.1111/aogs.13341
https://www.ncbi.nlm.nih.gov/pubmed/29512836
https://doi.org/10.18632/aging.204546
https://doi.org/10.1111/and.12864
https://doi.org/10.1093/oxfordjournals.humrep.a136100


J. Clin. Med. 2024, 13, 2731 23 of 23

150. Gu, L.; Zhang, H.; Yin, L.; Bu, Z.; Zhu, G. Effect of male age on the outcome of in vitro fertilization: Oocyte donation as a model.
J. Assist. Reprod. Genet. 2012, 29, 331–334. [CrossRef]

151. Tsai, Y.R.; Lan, K.C.; Kung, F.T.; Lin, P.Y.; Chiang, H.J.; Lin, Y.J.; Huang, F.J. The effect of advanced paternal age on the
outcomes of assisted reproductive techniques among patients with azoospermia using cryopreserved testicular spermatozoa.
Taiwan J. Obstet. Gynecol. 2013, 52, 351–355. [CrossRef] [PubMed]

152. Whitcomb, B.W.; Turzanski-Fortner, R.; Richter, K.S.; Kipersztok, S.; Stillman, R.J.; Levy, M.J.; Levens, E.D. Contribution of male
age to outcomes in assisted reproductive technologies. Fertil. Steril. 2011, 95, 147–151. [CrossRef]

153. Tesarik, J.; Greco, E.; Mendoza, C. Late, but not early, paternal effect on human embryo development is related to sperm DNA
fragmentation. Hum. Reprod. 2004, 19, 611–615. [CrossRef]

154. Kim, S.; Kim, M.; Oh, M.Y.; Seo, Y.; Yum, S.K. Impact of increased paternal age on neonatal outcomes in very-low-birth-weight
infants. J. Matern.-Fetal Neonatal Med. 2023, 36, 2257836. [CrossRef]

155. Bu, X.; Ye, W.; Zhou, J. Paternal age, risk of congenital anomalies, and birth outcomes: A population-based cohort study. Eur. J.
Pediatr. 2023, 182, 3519–3526. [CrossRef] [PubMed]

156. Liu, K.; Case, A.; Cheung, A.P.; Sierra, S.; AlAsiri, S.; Carranza-Mamane, B.; Dwyer, C.; Graham, J.; Havelock, J.; Hemmings, R.;
et al. RETIRED: Advanced reproductive age and fertility. J. Obstet. Gynaecol. Can. 2011, 33, 1165–1175. [CrossRef]

157. Toriello, H.V.; Meck, J.M.; Professional Practice and Guidelines Committee. Statement on guidance for genetic counseling in
advanced paternal age. Genet. Med. 2008, 10, 457–460. [CrossRef] [PubMed]

158. Kaltsas, A.; Zikopoulos, A.; Moustakli, E.; Zachariou, A.; Tsirka, G.; Tsiampali, C.; Palapela, N.; Sofikitis, N.; Dimitriadis, F. The
Silent Threat to Women’s Fertility: Uncovering the Devastating Effects of Oxidative Stress. Antioxidants 2023, 12, 1490. [CrossRef]
[PubMed]

159. Halliwell, B. The antioxidant paradox. Lancet 2000, 355, 1179–1180. [CrossRef] [PubMed]
160. Symeonidis, E.N.; Evgeni, E.; Palapelas, V.; Koumasi, D.; Pyrgidis, N.; Sokolakis, I.; Hatzichristodoulou, G.; Tsiampali, C.; Myko-

niatis, I.; Zachariou, A.; et al. Redox Balance in Male Infertility: Excellence through Moderation—“Muepsilontaurhoomicronnu

J. Clin. Med. 2024, 13, x FOR PEER REVIEW  24  of  24 
 

 

153. Tesarik, J.; Greco, E.; Mendoza, C. Late, but not early, paternal effect on human embryo development is related to sperm DNA 

fragmentation. Hum. Reprod. 2004, 19, 611–615. https://doi.org/10.1093/humrep/deh127. 

154. Kim, S.; Kim, M.; Oh, M.Y.; Seo, Y.; Yum, S.K. Impact of increased paternal age on neonatal outcomes in very-low-birth-weight 

infants. J. Matern.‐Fetal Neonatal Med. 2023, 36, 2257836. https://doi.org/10.1080/14767058.2023.2257836. 

155. Bu, X.; Ye, W.; Zhou, J. Paternal age, risk of congenital anomalies, and birth outcomes: A population-based cohort study. Eur. J. 

Pediatr. 2023, 182, 3519–3526. https://doi.org/10.1007/s00431-023-05025-w. 

156. Liu, K.; Case, A.; Cheung, A.P.; Sierra, S.; AlAsiri, S.; Carranza-Mamane, B.; Dwyer, C.; Graham, J.; Havelock, J.; Hemmings, R.; 

et  al.  RETIRED:  Advanced  reproductive  age  and  fertility.  J.  Obstet.  Gynaecol.  Can.  2011,  33,  1165–1175. 

https://doi.org/10.1016/S1701-2163(16)35087-3. 

157. Toriello, H.V.; Meck, J.M.; Professional Practice and Guidelines Committee. Statement on guidance for genetic counseling in 

advanced paternal age. Genet. Med. 2008, 10, 457–460. https://doi.org/10.1097/GIM.0b013e318176fabb. 

158. Kaltsas, A.; Zikopoulos, A.; Moustakli, E.; Zachariou, A.; Tsirka, G.; Tsiampali, C.; Palapela, N.; Sofikitis, N.; Dimitriadis, F. The 

Silent  Threat  to Women’s  Fertility:  Uncovering  the  Devastating  Effects  of  Oxidative  Stress.  Antioxidants  2023,  12,  1490. 

https://doi.org/10.3390/antiox12081490. 

159. Halliwell, B. The antioxidant paradox. Lancet 2000, 355, 1179–1180. https://doi.org/10.1016/S0140-6736(00)02075-4. 

160. Symeonidis, E.N.; Evgeni, E.; Palapelas, V.; Koumasi, D.; Pyrgidis, N.; Sokolakis,  I.; Hatzichristodoulou, G.; Tsiampali, C.; 

Mykoniatis,  I.;  Zachariou,  A.;  et  al.  Redox  Balance  in  Male  Infertility:  Excellence  through  Moderation—

“Muepsilontaurhoomicronnu  ἄrhoiotasigmatauomicronnu”.  Antioxidants  2021,  10,  1534. 

https://doi.org/10.3390/antiox10101534. 

161. Bertoncelli Tanaka, M.; Agarwal, A.; Esteves, S.C. Paternal age and assisted reproductive technology: Problem solver or trouble 

maker? Panminerva Medica 2019, 61, 138–151. https://doi.org/10.23736/S0031-0808.18.03512-7. 

162. Donnelly, E.T.; Steele, E.K.; McClure, N.; Lewis, S.E. Assessment of DNA integrity and morphology of ejaculated spermatozoa 

from  fertile  and  infertile  men  before  and  after  cryopreservation.  Hum.  Reprod.  2001,  16,  1191–1199. 

https://doi.org/10.1093/humrep/16.6.1191. 

163. Jennings, M.O.; Owen, R.C.; Keefe, D.; Kim, E.D. Management and counseling of the male with advanced paternal age. Fertil. 

Steril. 2017, 107, 324–328. https://doi.org/10.1016/j.fertnstert.2016.11.018. 

164. Munne, S.; Sandalinas, M.; Escudero, T.; Velilla, E.; Walmsley, R.; Sadowy, S.; Cohen, J.; Sable, D. Improved implantation after 

preimplantation  genetic  diagnosis  of  aneuploidy.  Reprod.  Biomed.  Online  2003,  7,  91–97.  https://doi.org/10.1016/s1472-

6483(10)61735-x. 

165. Staessen, C.; Verpoest, W.; Donoso, P.; Haentjens, P.; Van der Elst, J.; Liebaers, I.; Devroey, P. Preimplantation genetic screening 

does not improve delivery rate in women under the age of 36 following single-embryo transfer. Hum. Reprod. 2008, 23, 2818–

2825. https://doi.org/10.1093/humrep/den367. 

166. Kaltsas, A.; Dimitriadis, F.; Zachariou, D.; Zikopoulos, A.; Symeonidis, E.N.; Markou, E.; Tien, D.M.B.; Takenaka, A.; Sofikitis, 

N.; Zachariou, A. From Diagnosis to Treatment: Comprehensive Care by Reproductive Urologists  in Assisted Reproductive 

Technology. Medicina 2023, 59, 1835. https://doi.org/10.3390/medicina59101835. 

167. Marinaro,  J.; Goldstein, M. Microsurgical Management  of Male  Infertility: Compelling  Evidence  That Collaboration with 

Qualified Male Reproductive Urologists Enhances Assisted Reproductive Technology (ART) Outcomes. J. Clin. Med. 2022, 11, 

4593. https://doi.org/10.3390/jcm11154593. 

168. Stein, L.J.; Rosner, S.; Lo Giudice, A.; Ditzen, B.; Wischmann, T. Analysing medical predictors  for  the outcome of  infertility 

treatment: A 5-year follow-up survey. Arch. Gynecol. Obstet. 2023, 308, 1007–1014. https://doi.org/10.1007/s00404-023-07097-3. 

169. Atsem, S.; Reichenbach, J.; Potabattula, R.; Dittrich, M.; Nava, C.; Depienne, C.; Bohm, L.; Rost, S.; Hahn, T.; Schorsch, M.; et al. 

Paternal age effects on sperm FOXK1 and KCNA7 methylation and transmission  into the next generation. Hum. Mol. Genet. 

2016, 25, 4996–5005. https://doi.org/10.1093/hmg/ddw328. 

170. Yi, H.; Yang, M.; Tang, H.; Lin, M. Risk Factors of Pregnancy Failure in Infertile Patients Undergoing Assisted Reproductive 

Technology. Int. J. Gen. Med. 2022, 15, 8807–8817. https://doi.org/10.2147/IJGM.S394236. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 

rhoiotasigmatauomicronnu”. Antioxidants 2021, 10, 1534. [CrossRef]
161. Bertoncelli Tanaka, M.; Agarwal, A.; Esteves, S.C. Paternal age and assisted reproductive technology: Problem solver or trouble

maker? Panminerva Medica 2019, 61, 138–151. [CrossRef] [PubMed]
162. Donnelly, E.T.; Steele, E.K.; McClure, N.; Lewis, S.E. Assessment of DNA integrity and morphology of ejaculated spermatozoa

from fertile and infertile men before and after cryopreservation. Hum. Reprod. 2001, 16, 1191–1199. [CrossRef]
163. Jennings, M.O.; Owen, R.C.; Keefe, D.; Kim, E.D. Management and counseling of the male with advanced paternal age. Fertil.

Steril. 2017, 107, 324–328. [CrossRef]
164. Munne, S.; Sandalinas, M.; Escudero, T.; Velilla, E.; Walmsley, R.; Sadowy, S.; Cohen, J.; Sable, D. Improved implantation after

preimplantation genetic diagnosis of aneuploidy. Reprod. Biomed. Online 2003, 7, 91–97. [CrossRef]
165. Staessen, C.; Verpoest, W.; Donoso, P.; Haentjens, P.; Van der Elst, J.; Liebaers, I.; Devroey, P. Preimplantation genetic screening

does not improve delivery rate in women under the age of 36 following single-embryo transfer. Hum. Reprod. 2008, 23, 2818–2825.
[CrossRef] [PubMed]

166. Kaltsas, A.; Dimitriadis, F.; Zachariou, D.; Zikopoulos, A.; Symeonidis, E.N.; Markou, E.; Tien, D.M.B.; Takenaka, A.; Sofikitis,
N.; Zachariou, A. From Diagnosis to Treatment: Comprehensive Care by Reproductive Urologists in Assisted Reproductive
Technology. Medicina 2023, 59, 1835. [CrossRef] [PubMed]

167. Marinaro, J.; Goldstein, M. Microsurgical Management of Male Infertility: Compelling Evidence That Collaboration with
Qualified Male Reproductive Urologists Enhances Assisted Reproductive Technology (ART) Outcomes. J. Clin. Med. 2022,
11, 4593. [CrossRef] [PubMed]

168. Stein, L.J.; Rosner, S.; Lo Giudice, A.; Ditzen, B.; Wischmann, T. Analysing medical predictors for the outcome of infertility
treatment: A 5-year follow-up survey. Arch. Gynecol. Obstet. 2023, 308, 1007–1014. [CrossRef] [PubMed]

169. Atsem, S.; Reichenbach, J.; Potabattula, R.; Dittrich, M.; Nava, C.; Depienne, C.; Bohm, L.; Rost, S.; Hahn, T.; Schorsch, M.; et al.
Paternal age effects on sperm FOXK1 and KCNA7 methylation and transmission into the next generation. Hum. Mol. Genet. 2016,
25, 4996–5005. [CrossRef]

170. Yi, H.; Yang, M.; Tang, H.; Lin, M. Risk Factors of Pregnancy Failure in Infertile Patients Undergoing Assisted Reproductive
Technology. Int. J. Gen. Med. 2022, 15, 8807–8817. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s10815-012-9719-9
https://doi.org/10.1016/j.tjog.2013.06.001
https://www.ncbi.nlm.nih.gov/pubmed/24075372
https://doi.org/10.1016/j.fertnstert.2010.06.039
https://doi.org/10.1093/humrep/deh127
https://doi.org/10.1080/14767058.2023.2257836
https://doi.org/10.1007/s00431-023-05025-w
https://www.ncbi.nlm.nih.gov/pubmed/37193751
https://doi.org/10.1016/S1701-2163(16)35087-3
https://doi.org/10.1097/GIM.0b013e318176fabb
https://www.ncbi.nlm.nih.gov/pubmed/18496227
https://doi.org/10.3390/antiox12081490
https://www.ncbi.nlm.nih.gov/pubmed/37627485
https://doi.org/10.1016/S0140-6736(00)02075-4
https://www.ncbi.nlm.nih.gov/pubmed/10791396
https://doi.org/10.3390/antiox10101534
https://doi.org/10.23736/S0031-0808.18.03512-7
https://www.ncbi.nlm.nih.gov/pubmed/30021419
https://doi.org/10.1093/humrep/16.6.1191
https://doi.org/10.1016/j.fertnstert.2016.11.018
https://doi.org/10.1016/s1472-6483(10)61735-x
https://doi.org/10.1093/humrep/den367
https://www.ncbi.nlm.nih.gov/pubmed/18930977
https://doi.org/10.3390/medicina59101835
https://www.ncbi.nlm.nih.gov/pubmed/37893553
https://doi.org/10.3390/jcm11154593
https://www.ncbi.nlm.nih.gov/pubmed/35956208
https://doi.org/10.1007/s00404-023-07097-3
https://www.ncbi.nlm.nih.gov/pubmed/37347283
https://doi.org/10.1093/hmg/ddw328
https://doi.org/10.2147/IJGM.S394236

	Introduction 
	Trends in Increasing Paternal Age and ART 
	Aging and Its Impact on Male Reproductive Health: Anatomical, Cellular, and Molecular Perspectives 
	Paternal Aging: Effects on Sperm Integrity, Epigenetics, and ReproductiveHealth Implications 
	Impact of Advanced Paternal Age on ART Outcomes 
	Impact of Paternal Age on Fertilization Rates 
	Effect of Paternal Age on Embryo Quality 
	Effect of Paternal Age on Implantation 
	Effect of Paternal Age on Miscarriages 
	Effect of Advanced Paternal Age and Perinatal Risks 
	Effect of Paternal Age on Live Birth Rate 

	Strategies for Deferred Fatherhood and Future Research Directions 
	Conclusions 
	References

