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Abstract

The interest in parental aging and reproductive outcomes has increased significantly
with the change in societal structure and age at family planning. Although the effect
of advanced maternal age on obstetric and neonatal morbidities is well established, the
effect of advanced paternal age needs additional exploration in association with adverse
reproductive outcomes. Some studies suggest that the sperm of fathers with advanced
age harbor germline mutations that influence reproductive, neonatal, and adult health
outcomes of the progeny. Data on the contribution of advanced paternal age to spon-
taneous abortion, postconceptual age, birth weight, and neonatal mortality depends
on the population and the design of the study. There is stronger evidence that ad-
vanced paternal age contributes significantly to congenital malformations and the
health of the offspring in adolescence and adulthood with an increased risk of cancer,
neurologic disorders, and cardiac diseases. In this review, we summarize the results of
different studies that address the effect of advanced paternal age on reproductive out-
comes and the origin of illnesses in adulthood. We also discuss possible mechanisms
and theories behind these potential associations.

After completing this article, readers should be able to:

1. Recognize that advanced paternal age can affect reproductive outcomes, including the
occurrence of congenital malformations and long-term health morbidities.

2. Understand that the extent of contribution of advanced paternal age to gestational
age, fetal size, abortion, and neonatal mortality is still controversial.

3. Understand the suggested mechanisms of how advanced paternal age would be
implicated in certain obstetric and neonatal complications.

4. ldentify some of the gaps in the conducted studies.

Introduction

Family planning and childbearing age have ostensibly increased significantly in Western so-
cieties. (1) The birth rate of US men younger than 40 years has decreased compared with
previous years. (2) Changes in societal structure, increased use of contraception, prolonged
life expectancy, and new technologies to harvest sperm from older men are associated with
the detrimental effects of advanced paternal age. (1)

Most global efforts try to reduce teenage pregnancy with little emphasis devoted to the
potential adverse outcomes related to delaying childbearing age among men. Although ad-
vanced maternal age is an established risk factor for birth defects and complications, the
possible implications of advanced paternal age on reproductive outcome still need to be
investigated. Because the placenta has the father’s genes, it is conceivable that the duration
of pregnancy and the size of the fetus are affected by paternal age. (3)(4) This topic has
become an increasing area of interest in the medical and public health community, with
recent literature suggesting that advanced paternal age is linked to infertility, pregnancy-
associated complications, and adverse events in the offspring. (5) The focus of this review
is to discuss the influence of advanced paternal age on pregnancy-related outcomes and
effects during the postnatal period and adult life.
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Gestational Age, Birth Size, and Neonatal
Anthropometric Measures

The effect of advanced paternal age on pregnancy duration
and fetal size has yielded conflicting information. Some
studies have not found an association between advanced
paternal age and preterm birth or low birth weight. (6)
(7)(8)(9)(10) In a study of 2.6 million singletons born
to nulliparous women, only infants fathered by men youn-
ger than 20 years had a mild increased risk of low birth
weight (odds ratio [OR], 1.13;95% CI, 1.08-1.19), small
for gestational age status (OR, 1.17; 95% CI, 1.13-1.22),
and preterm birth (OR, 1.15; 95% CI, 1.1-1.2). (9) On
the other hand, a study in the United States found that
paternal age older than 34 years increased significantly
the likelihood of having low-birth-weight neonates by
70% compared with fathers aged 20 to 34 years. However,
this significance was only found among non-Hispanic
blacks. (4) A systematic review suggests only a modest ef-
fect of advanced paternal age on low birth weight. (11) A
slight increase in the likelihood of low birth weights was
also found in a study conducted by Alio et al (12) among
fathers 45 years or older (OR, 1.19; 95% CI, 1.09-1.29).
Studies from Italy and Denmark on preterm births found
different results. (10)(13)(14) Only fathers between 40
and 44 years old significantly increased the odds of very
preterm births in one study (14) and preterm birth in an-
other (13) (OR, 1.7;95% CI, 1.1-2.6; and OR, 1.23; 95%
CI, 1.15-1.31; respectively). Despite only finding signifi-
cance in the 40- to 44-year age group, a linear trend be-
tween very preterm birth and increasing paternal age was
found, with ORs ranging from 1.3 for men aged 25 to 29
years to 2.1 for fathers older than 50 years (P = .01). (14)
The abovementioned studies also did not examine weight
gain during pregnancy, the mother’s body mass index, or
maternal pregnancy complications, such as gestational di-
abetes and preeclampsia, as significant contributors to
birth weight and the timing of delivery. However, a study
conducted using the Missouri maternally linked data set
accounted for maternal complications and found a slight
increase in the odds of very preterm birth and preterm
birth among fathers older than 45 years. (12)

None of the studies of the effect of advanced paternal
age on small for gestational age status found a statistical
increase, (6)(9)(12) except for a study conducted by
Kinzler et al, which found increased odds of small for ges-
tational age status among only white parents whose age
difference was 10 years or older (Table 1). (8)

Spontaneous Abortions and Fetal Mortality
More than 10% of pregnancies are lost because of spon-

taneous abortions. Several studies found that advanced
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paternal age increased the risk of spontaneous abortions.
(15)(16)(17)(18)(19) An analysis by de la Rochebrochard
et al (15) observed that the effect of maternal age was
more pronounced at an older age when the father was
40 years or older, suggesting a significant influence of
paternal age.

Conclusions about the strengths of maternal vs pater-
nal age on the outcome were, however, incongruent
among the previously discussed studies. Moreover, these
studies did not always categorize the gestational timing of
fetal death. A large Danish study of 24,000 pregnancies
delineated the timing of fetal loss with respect to paternal
age. (16) In agreement with other studies, advanced pa-
ternal age increased the risk of fetal death in the Danish
population. However, the study found that only late fetal
death significantly increased by 4-fold when the father
was 50 years or older, although, to a lesser degree, other
studies support this finding. (12) The study by Slama et al
(17) reported an increased risk of early fetal loss with ad-
vanced maternal and paternal age. Other studies have at-
tempted to investigate the mechanisms that underlie
spontancous abortion due to advanced paternal age. Us-
ing fluorescence in situ hybridization, Griffin et al (20)
discovered that fathers older than 50 years had a higher
probability of producing aneuploidy in offspring com-
pared with fathers younger than 30 years. Moreover,
chromosomal aberrations are higher in sperm of men
59 to 74 years of age vs 23 to 39 years of age. (21) Be-
cause one of the leading causes of spontaneous abortion
is chromosomal abnormality, it is plausible that these
chromosomal alterations are contributing to miscarriages
if a pregnancy is associated with an advanced paternal age

(Table 2).

Paternal Age and Congenital Malformations

Congenital malformations are a major neonatal morbid-
ity. Although multiple genetic and environmental factors
contribute to congenital malformations, most causes re-
main unknown. Several studies have found that advanced
paternal age increases the risk of congenital malforma-
tions. (21)(22)(23)(24)(25)(26)(27) In a population-
based retrospective cohort analysis of 5.2 million births
in the United States, Yang et al (22) found that the rate
of congenital malformations is 1.5% with a 15% increased
risk related to a paternal age older than 50 years. The re-
searchers also found a significant occurrence of congen-
ital malformations with increased paternal age (P = .02).
A large Danish study reported offspring born to fathers
older than 45 years are more likely to die (hazard ratio,
1.65; 95% CI, 1.24-2.18) in early childhood (1-5 years
old), perhaps because of fetal congenital malformations,
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malignant tumors, and other external causes. (24) Other
studies on the effect of advanced paternal age found an
increased prevalence of limb anomalies, Down syndrome,
and neurologic and other malformations. (23)(25)(26)
(27) The risk of neural tube defects in offspring of older
fathers is still controversial, and prepregnancy folic acid

=very

Significance

No

intake may be associated with a decreased occurrence. This
possibility has not been completely explored (Table 3).

[lInesses in Adolescence and Adulthood
In addition to prenatal and perinatal adverse outcomes,

small for gestational age; vPTB

several studies have found that paternal age is also a risk
factor for certain illnesses, such as cancers and neurologic
diseases, at a later age. With respect to cancers, advanced
paternal age conferred increased odds for developing

old: OR, 1.6; 95%

Cl, 0.8-3.0
=50 years old:
OR, 2.1; 95% Cl,

0.9-4.8
40-44 years old:
OR, 1.1; 95%

95% Cl, 0.9-1.5
Cl, 0.8-1.6

OR, 1.2; 95%
250 years old:

45-49 years
Cl, 1.0-1.4

45-49 years
old: OR, 1.2;

Result
relative risk; SGA:

acute lymphoblastic leukemia and retinoblastoma in
childhood (incidence rate ratio, 1.01-2.39). (28)(29)
(30) Childhood central nervous system cancers were also
associated with advanced paternal age (incidence rate ra-
tio, 1.69) but only when considering the maternal age.

Outcome
PTB

(30) Early breast cancer in females was also significantly
associated with advanced paternal age, and the associa-
tion was even stronger when controlling for maternal
age. (31)(32)

Numerous studies support an association of advanced
paternal age with neurologic and psychological diseases

educational
level and
income,
calendar year,
and sex of child

Factors
Same as above

Controlling

and have become an area of prominent interest to re-
searchers. For instance, the odds of developing schizo-
phrenia, eating disorders, epilepsy, bipolar disorder,
autism spectrum disorders, or poor social functioning
are higher in offspring of fathers who had an increased
age. (33)(34)(35)(36)(37)(38)(39) A myriad of studies
have corroborated these findings from different popula-
tions. In addition, the risk of developing multiple sclero-
sis is unclear in studies of offspring born to older fathers.
(40) In a longitudinal study, the outcomes of newborns
in Finland were evaluated until 39 years of age, and the
risk of suicide and all-cause mortality was slightly associ-

preterm birth of (<37 weeks of gestational age); RR:

Paternal Age
Group, y

=odds ratio; PTB

N = 62,141 to

singleton live
births, first child
mothers 20-

29 years old

Characteristics

Study

ated with an increased paternal age in female but not male
offspring. (41) Although studies have not observed an as-
sociation between advanced paternal age and bipolar dis-
order, Buizer-Voskamp et al (42) found an increased
occurrence of major depressive disorders in offspring of
both young and older fathers.

The mechanism underlying the manifestation of neu-
rologic diseases in the progeny of older fathers is still
largely unknown. One study in mice found that progeny

low birth weight (<2,500 g); OR:

Location and
Years

(Continued)

of fathers with advanced age had thinner cortical volume
and altered behavior compared with the offspring of
younger fathers. (43) Of interest, a microarray-directed
analysis of gene expression in autistic children born to

confidence interval; LBW:
preterm birth (<32 weeks of gestational age).

Table 1.
Study
Cl=
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older fathers had decreased transcriptional regulation
compared with controls. (44)

Mechanisms for Advanced Paternal Age and
Adverse Outcomes

Several theories have been proposed regarding the con-
tribution of advanced paternal age to reproductive and
long-term outcomes of offspring. Compared with oogen-
esis, spermatogenesis continues throughout life. In 1955,
Penrose (45) theorized an increased probability of spon-
taneous mutations in male germ cells due to a higher rate
of “replication error” during spermatogenesis with ad-
vancing age. Of interest, DNA damage in sperm of
men aged 36 to 57 years is 3 times more than in men
younger than 35 years. (46) The presence of environ-
mental hazards can also contribute to disruption of sperm
line and fertility. Rare autosomal dominant conditions,
such as achondroplasia, myositis ossificans, Marfan syn-
drome, and neurofibromatosis, have been associated with
advanced paternal age and are independent of maternal
age. (26)(47)(48) Of interest, a mutation in the FGFR3
gene (G1138A) was specifically associated with advanced
paternal age and the development of achondroplasia.
(49) The positive selection of sperm harboring this mu-
tation may be a consequence of a germline copy error—
related mechanism. In addition, CpG methylation patterns
of gene promoters from newborns are associated with ad-
vanced paternal age, although the effect is less than for
advanced maternal age. (50) The concept of “selfish sper-
matogonial selection” supports the idea that sperm cells
harbor mutations that accumulate with aging and exert
a stronger effect by altering cellular signaling pathways.
(51) Collectively, these theories imply that sperm of an
older father can harbor genetic alterations acquired dur-
ing spermatogenesis and may manifest themselves in cer-
tain reproductive phenotypes.

Significance

Yes

3.8; 95% Cl,

Cl, 1.1-3.3
to <19 years: OR,
1.8-8.1
Mortality ratio
rate, 2.35;
950 Cl,
1.42-3.88

Result

Cause-specific
mortality:
congenital
malformations

Outcome

Controlling

Factors

Maternal age and
parity, parental
educational
level and income,
parental countries
of origin, and
calendar year

Paternal Age
Group, y

=45

Fertility Database
and nationwide
register on cause

of death;
N = 102,879

Characteristics
Population-based
cohort study
using Danish

Study

How Old Is Too Old?

One of the major pitfalls in assessing advanced paternal
age effect is answering the question, “How old is too
old?” (1) To that end, in 2008, Toriello et al (52) pub-
lished the Statement on Guidance for Genetic Counsel-
ing in Advanced Paternal Age and defined advanced
paternal age as older than 40 years. However, the accu-
racy and precision of this number are still a matter of
debate.

Each adverse event is a separate entity and presumably
affected differently at various ages. The reports and stud-
ies discussed in this review involve different age ranges,
which makes drawing conclusions challenging. Because

Location and
1980-1996

(Continued)
Years
Denmark,
(27) 2008

Table 3.
Study
Zhu et al
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paternal age is missing in 14% of birth certificates, the ac-
curacy in calculating mean paternal age is hindered. (2) In
addition, none of the studies accounted for the effect of
environmental exposures (eg, occupation, nutritional sta-
tus, and medications) on adverse pregnancy outcomes at
various paternal ages. Nevertheless, there is solid evi-
dence that neurologic disorders, specifically autism and
schizophrenia, and single-gene mutations are strongly as-
sociated with advanced paternal age. Although underly-
ing mechanisms have been proposed for the association
of advanced paternal age and birth outcomes, the under-
lying genetic or molecular pathways remain to be eluci-
dated. It will be interesting to examine reproductive
outcomes using high-throughput genetic tools to define
genetic modifiers that have effects when the father has an
advanced age.

Advanced paternal age has primary significance when
prospective parents ask about risks during childbearing.
Paternal age is significant because societal changes have
resulted in later childbearing and the increasing use of as-
sisted reproductive tools for conception. Both older
mothers and fathers should be comprehensively educated
about the risks related to their age and reproductive out-
comes.

American Board of Pediatrics Neonatal-Perinatal
Content Specification

® Know the recurrence risks and factors of

"()\\rummr
. L L %,
multifactorial disorders.

ABP

T,
gt T

Lo

CONI'I"J
o
aestt
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