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Abstract. Infertility and fecundity problems concern 10-18%
of partners in their reproductive years compromising around
one million females and males in Poland. Research and
analysis of factors that affect male fertility are limited, espe-
cially, regarding the age of the father and determining the age
at which quality of semen decreases. Age of the father has
greater impact than maternal age, on cases of sporadic auto-
somal dominant congenital diseases such as Apert, Crouzon,
Pfeiffer, Noonan and Costello syndromes, multiple endocrine
neoplasia (types 2A and 2B) and achondroplasia. However,
there are only a few reports taking paternal advanced age into
consideration for pre-mature birth, low Apgar scores or admis-
sion to a neonatal intensive care department. Paternal age
increases the frequency of congenital diseases such as heart
malformations as well as oral, palate and lip cleft. Moreover,
mental disorders (autism, schizophrenia, bipolar disorder,
low IQ level as well as ADHD) also occur more frequently in
advanced father's age. Advanced paternal age is defined differ-
ently in every research. It depends on disorders in offspring we
are talking about. Paternal age has an impact on child's health
and development and it is as significant as maternal age, when
it comes to reproductive matters.
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1. Introduction

Infertility and fecundity problems concern 10-18% of partners
in their reproductive years comprising around one million
females and males in Poland (1). According to the World
Health Organization definition, infertility is a disease of the
reproductive system defined by the failure to achieve a clinical
pregnancy after 12 months or more of regular unprotected
sexual intercourse (2). There are multiple factors affecting
fertility in both sexes. Female causes include defects in ovula-
tion, as well as transplantation and implantation of the ovum.
Male causes involve abnormalities in spermatogenesis and
delivery of the sperm (3). Moreover, epidemiological factors
and change in the general pattern of living have a significant
impact on fecundity problems. One of them is postponed deci-
sion about pregnancy.

As reported by The Demographic Yearbook of Poland
2017, in 2016, Poland recorded 382,257 live births (4). The
Polish population was divided into groups according to age
and sex in order to indicate differentiation in the fertility
model. The highest rate of living births among women was
observed within the group aged 25-29 years (126,651),
whereas in the case of men this value applies to the group aged
30-34 years (135,909) (Fig. 1). Within the period 1980-2000,
the statistics were different. The highest number of living
births was observed in a group of women aged 20-24 years:
293,944 births in 1980; 199,575 in 1990 and 127,319 in 2000.
In 2010, the pattern changed and the highest number of living
births was evident in females aged 25-29 years (152,711).
Data regarding fathers were not recorded in the statistics. It
underlines the fact that the impact of paternal age regarding
the offspring was neglected. While taking into account the
fertility rate, it also revealed a decreasing tendency from 17.0
per 1,000 women (2000) to 12.3 per 1,000 (2015). Only female
fertility was assessed (4).

The problem of infertility is shared equally (50%) by
both sexes (5). Research and analysis of factors that affect
male fertility are limited, especially, regarding the age of the
father (6). Data show that, with advanced age the quality of
semen decreases resulting in 3-22% decrease in semen volume,
3-37% in motility and 4-18% in normal morphology (7). These
modifications follow anatomical and functional changes of
the aging organism. Reduced volume of semen is a conse-
quence of insufficiency of seminal vesicles and decreased


https://www.spandidos-publications.com/10.3892/br.2019.1266
https://www.spandidos-publications.com/10.3892/br.2019.1266
https://www.spandidos-publications.com/10.3892/br.2019.1266
https://www.spandidos-publications.com/10.3892/br.2019.1266
https://www.spandidos-publications.com/10.3892/br.2019.1266
https://www.spandidos-publications.com/10.3892/br.2019.1266
https://www.spandidos-publications.com/10.3892/br.2019.1266

84 JANECZKO et al: CONSEQUENCES OF ADVANCED PATERNAL AGE

motility follows smooth muscular atrophy in prostate (7).
Moskovtsev et al (8) indicated the genetic implications
followed by advanced parental age. That study presented
decreased DNA integrity in a group of men above 45 years
of age. In addition, males with higher DNA fragmentations
have lowered chances in both in vitro and in vivo fertiliza-
tion and further development of the embryo (8). Additionally,
parental age has a significant impact on gene mutation. One
example is single gene mutation of fibroblast growth factor
receptor 3 (FGFR3), the cause of achondroplasia, commonly
known as dwarfism. Similarly, advanced age of the father may
increase the risk of FGFR2 mutations resulting in Crouzon,
Apert, and Pfeiffer syndromes. Genetic mutations linked with
advanced paternal age are associated with the stimulation of
carcinogenesis especially in terms of breast cancer, childhood
leukemia and childhood central nervous system tumors (9).
Despite the fact that Down syndrome is commonly known as
related to advanced maternal age, previous findings indicate
that increased paternal age influences the chance of mutational
development as well (9).

Apart from enhanced occurrence of somatic disorders, the
effect of father's age on mental health and neurodevelopmental
disorders in offspring is continuously being examined. A
significant aspect is the correlation of autism and age of the
parent. Previous findings suggest that the development of this
disorder may result from epigenetic differences in paternal
sperm. These changes may directly affect the cerebellum of the
offspring (10). Moreover, advanced paternal age is an impor-
tant factor with psychiatric conditions such as schizophrenia,
bipolar disorder and even intelligence of the child (11). It also
has an impact on future learning potential.

Currently, researchers have focused on determining a
threshold level of the age of the father that is followed by nega-
tive implications on the developing fetus. Literature shows
differentiated statistics ranging from 30 to 50 years of age,
indicating the age of 40 as the threshold of advanced paternal
age most frequently (9). Nevertheless, findings indicate the
importance of the young age of the father in order that possible
somatic and mental complications of the future offspring may
be prevented.

2. Genetic syndromes

Paternal age has a greater impact on cases of sporadic auto-
somal dominant congenital diseases than maternal age, such
as Apert, Crouzon, Pfeiffer, Noonan and Costello syndromes,
multiple endocrine neoplasia (types 2A and 2B) and achon-
droplasia (12) (Table I). The main cause is the difference in
gametogenesis between men and women. Female oocytes do
not go through DNA replication in the mature age in contrast
to male spermatogenesis. Ageing leads to more DNA replica-
tions during spermatogenesis in testicles. It increases the risk
of copy error mutations such as small deletions and inser-
tions (13).

It is estimated that spermatic chromosomes are replicated
35 times by age 15, 150 times by age 20, 380 times by age 30,
610 times by age 40, and 840 times by age 50 (14,15). In oppo-
sition to men, female gametogenesis can lead to aneuploidy,
and it is also related to ageing (16). Moreover, men over the
age of 45 are more likely to have a child with trisomy 21,

versus men less than 30 years of age (17). The examples
of autosomal dominant diseases are Apert syndrome and
achondroplasia, caused by mutations in fibroblast growth
factor receptor 2 and 3 (FGFR2, FGFR3). Multiple endo-
crine neoplasia syndrome, is caused by mutations in RET
gene, and it presents with tumors in two or more glands of
the endocrine system (9).

3. Perinatal complications

There are only a few reports taking into consideration
advanced paternal age as a reason for pre-mature birth, low
Apgar score or admission to a neonatal intensive care depart-
ment. This topic requires further investigation. There is no
doubt that, older fathers are more likely to have infant with
birth defects, stillbirth and low birthweight (18-22). An Italian
study, conducted during the period 1990-1998 revealed that
men aged 45 to 49 years had a higher risk of having a pre-term
birth, than men aged 25 to 29 years (23). In the United States,
a population-based cohort study between 2007 and 2016
reported that children born to fathers over the age of 45 had
14% higher risk of preterm birth (21). Additionally, for fathers
aged over 35 years there was a higher risk of having a baby
with low birthweight. Mothers with older partners had a 34%
higher risk of gestational diabetes. Furthermore, fathers over
the age of 55, had a higher risk of having an infant with low
(below 8) Apgar score (21).

4. Congenital defects

The most common congenital defects are heart malformations,
which affect 5-10/1000 live births (24-26). Nevertheless there
are divergences between studies, some of which confirm the
connection of advanced paternal age with heart defects in
offspring (27-30), while others are contradictory and show that
older fathers have fewer heart defects in their children (31-33).
One study reported that men over the age of 40 years were more
likely to have a child with ventricular septal defect (VSD) but
not atrial septal defect (ASD) (34). Moreover, surveys prove
the increased risk of having patent ductus arteriosus (PDA) in
the offspring of fathers older than 45 years (28,35).

Oral cleft occurs in approximately 1-2/1000 live births.
The probability of this defect increases with both paternal
and maternal advanced age. In addition, the risk of an infant
having a cleft lip decreases the younger both of the parents are.
On the contrary, the risk of having a baby with a cleft palate
is only connected with paternal advanced age (36,37). The
probability of having a child with cataract, esophageal atresia,
diaphragmatic hernia, encephalocele or coarctation of the
aorta increases with advanced paternal age. Babies born with
omphalocele, spina bifida, orafacial clefts and septal heart
defects were more common among older men with younger
partners (38).

5. Mental disorders and children's neurocognitive abilities

A significant amount of attention has been devoted to the influ-
ence of the father's age on the child's mental development, the
occurrence of mental disorders, cognitive and developmental
abilities, intelligence, and even learning outcomes. Many
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Table I. Genetic disorders connected with advanced paternal age.

Name of the disorder Mutated gene Phenotype
Apert syndrome FGFR2 Craniosynostosis, syndactyly, high-arched palate, mandibular prognathism,
crowded teeth
Crouzon syndrome FGFR2 Craniosynostosis, exophthalmos, hypertelorism, hypoplastic maxilla,
hypodontia
Pfeiffer syndrome FGFR2 Craniosynostosis, turribrachycephaly, proptosis, hypertelorism, maxillary
hypoplasia, syndactyly
Noonan syndrome PTPNI1I Short height, congenital heart disease, hypertelorism, skeletal malformations,
bleeding problems
Costello syndrome HRAS Intellectual disability, cardiac abnormalities, loose folds of skin on hands
and legs, too loose joints
Achondroplasia FGFR3 Shortened arms and legs, prominent forehead, large head, trident hands
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Figure 1. Graph showing number of live births by age of the father according to the data from 2016 in Poland (4).

studies linked advanced age of the father with behavioral and
psychiatric conditions, whereas only a few studies are associ-
ated with developmental psychology (11,39). The connection
is particularly strong in autistic diseases and schizophrenia,
while in the other cases a correlation is not well established.
Autism belongs to neurodevelopmental disorders. Social
deficiencies, language difficulties, stereotypical behavior
and early beginning of symptoms are the typical signs of the
disease. Advancing paternal age is a significant risk factor for
autism in offspring, which has been shown in many studies in
recent years. Reichenberg and co-investigators found that in
a cohort of nearly 400,000 individuals of paternal age above
40 years significantly increases the risk of having a child with
autism (39). Additionally, the father's age can also affect subse-
quent generations. The levels of risk were similar for maternal
and paternal grandfathers. The grand-paternal age risk estimates
were lower than the risk estimates for paternal age, which is

true to the hypothesis that the strength of a genetically mediated
effect should reflect the genetic relatedness. The results of one of
the most recent meta-analysis report a 2-fold higher probability
of autism in the offspring of a father aged 50 than a father at
the age of 30 (40). Moreover, the risk of autism increased with
advancing grand-paternal age, which may be independent of
the age of the mother and father. It is also observed that men
above 50 years who have daughters are more likely to have
grandchildren with autism (41). Associations between advanced
paternal age and other mental disorders (schizophrenia, bipolar
disorder, and general neurocognitive development) have also
been observed (42-45). Furthermore, the relationship between a
higher incidence of the disease and the childbirth sequence was
also demonstrated. The risk of developing autism was the most
significant for firstborn children (46). Paternal age effect was
also connected with a higher risk of autism spectrum disorder
with intellectual disability (47).
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The connection between paternal age and occurrence of
autism has been well established by many studies. However,
the exact mechanism has yet to be identified. Sebat et al (48)
reported a severe connection of de novo copy number varia-
tions (CN'Vs) with autism in cases of sporadic autism. CN'Vs
are the changes in the number of particular places of DNA
that allows cells to contain deletions or duplications of given
regions. Authors of that study showed that de novo mutations
potentially result in both gain or loss of DNA region copy
number, which can partially explain autism spectrum disor-
ders (48.,49).

Different mutations associated with advanced age and
epigenetic alterations are also considered to be the main
reason for this phenomenon; however, the specific mecha-
nisms remain to be determined. The basis for these changes
may be the de novo mutations arising in male germ cells (50).
The quality of semen decreases with age and the number of
changes in the genetic materials increases. It is observed that
levels of repair enzymes are lower and DNA fragmentations
increase (51,52). De novo mutations in autism have mainly
paternal descent, as indicated in recent studies (53-56).

The advanced age of the father also contributes to
schizophrenia and the spectrum of schizophrenia disor-
ders. Researchers from the United States conducted a study
involving 12,000 patients in which they showed an increased
risk of having a child with autism with every 10-year increase
in the father's age (57). Research carried out on a group
of 750,000 individuals in Sweden has published similar
results (44). Moreover, the connection between paternal age
and schizophrenia was evident only in cases with no family
history, which may suggest that collection of de novo muta-
tions in the sperm may increase the risk (58).

The influence of paternal age on schizophrenia and autism
has been investigated for decades. It was debated whether it is
also important in the development of psychotic-like symptoms
in adult offspring that appear more frequently in the society.
Data collected by researchers show the connection between
advanced paternal age and the development of psychotic-like
symptoms. Children with fathers above 35 years of age had
2.1-fold higher odds of psychotic-like symptoms. Interestingly,
maternal age had no impact (45).

Another disease related to the father's age is bipolar
disorder. It is a disease characterized by alternating periods of
depression and manic mood. Recent findings have shown that,
children of men above 55 years of age are almost 1.5-fold more
often diagnosed with bipolar disorder than offspring of fathers
less than 25 years of age. Interestingly, the mother's age had no
impact on the development of this disease (59).

Paternal age effect on other mental disorders was also
studied. Interestingly, in the case of ADHD (attention-deficit
hyperactivity disorder) an inverse relationship was observed.
As the age of father decreases, the risk of having a child with
ADHD increases. This connection was observed in a compre-
hensive, population-based record linkage study; however,
scientists did not manage to identify a specific reason (60).

A few studies also examined the influence of the father's
age on behavior and cognitive ability. Using neurocognitive
measures such as the Wechsler Intelligence Scale for Children
researchers have shown that children of older fathers had
lower results (61). Another study showed the association of an

advanced father's age with the occurrence of negative behav-
iors in children such as aggression, vandalism, and disruptive
behavior. It was elucidated that for every 5-year increase in
the father's age, the likelihood of higher defective demeanor
increased by 12% (62,63). It was also indicated that offspring
of fathers aged 45 years and older gained lower grades in
science (64).

Association between the father's age and intelligence
of the descendants was also studied. Due to many possible
confounders such as socio-economic status, the level of
parents' education, and parents' intelligence indicators, it
may be complicated to analyze the link between paternal age
effect and intelligence of offspring. However, there are many
premises that should not be omitted. Investigators revealed a
non-linear relationship with male children's verbal intelligence
quotient (IQ) scores, despite considering possible disruptive
factors (65). Moreover, it has been determined that children of
older fathers have increased risk of obtaining a lower level of
education and worse scores (66). Notably, research on a group
of adolescents born to fathers younger than 20 years and older
than 50 years of age, revealed that these groups achieved the
lowest results in measures of non-verbal IQ (66).

There are also some signs that paternal age at birth appears
to have an impact on psychosocial development in offspring.
Children of younger and older men seem to have lower social
skills and an increased risk of developing major depressive
disorder (65,66).

6. Conclusions

Paternal age appears to have a significant impact on a child's
health and development. The quality of semen decreases with
aging, resulting in DNA copy mutations. Similarly, a decrease
in the volume of semen, can lead to problems with conception.
It can therefore be said that the male biological clock is ticking,
too. Available studies clearly link advanced paternal age at the
age of conception with increased frequency of mental health
disorders, such as bipolar disease, schizophrenia, autism or
even a lower IQ level of the offspring. Advanced paternal age
also has serious implications on genetic disorders, perinatal
complications, congenital defects, or even carcinogenesis.
Currently, much more data are available on the effects of
maternal age on fetus. To summarize, more research is needed
regarding the impact of paternal age on the developing fetus,
health of mothers during pregnancy, growing child and
complications in their adult age. However, at this point, we
can certainly conclude, that paternal age is as significant as
maternal age, when it comes to reproductive matters.
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