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We review the hypotheses concerning the association between
the paternal age at childbearing and childhood psychiatric
disorders (autism spectrum- and attention deficit/hyperactive
disorder) and adult disorders (schizophrenia, bipolar-,
obsessive—compulsive-, and major depressive disorder) based
on epidemiological studies. Several hypotheses have been
proposed to explain the paternal age effect. We discuss the
four main—not mutually exclusive—hypotheses. These are the
de novo mutation hypothesis, the hypothesis concerning epi-
genetic alterations, the selection into late fatherhood hypoth-
esis, and the environmental resource hypothesis. Advanced
paternal age in relation to autism spectrum disorders and
schizophrenia provided the most robust epidemiological evi-
dence for an association, with some studies reporting a mono-
tonic risk increase over age, and others reporting a marked
increase at a given age threshold. Although there is evidence
for the de novo mutation hypothesis and the selection into
late fatherhood hypothesis, the mechanism(s) underlying the
association between advanced paternal age and psychiatric
illness in offspring remains to be further clarified.
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INTRODUCTION

The worldwide trend of postponing parenthood implies an increase in
average parental age [Sobotka, 2010]. Notably maternal age increase is
associated with heightened risks for the offspring, for instance, it is well
established that increased maternal age at childbearing is a risk factor
for errors of chromosome segregation [Penrose, 1933; Hassold and
Hunt, 2009]. However, there is a growing realization that, indepen-
dently of maternal age, advanced paternal age at childbearing is
associated with offspring morbidity, including psychiatric disorders.
The association between increased paternal age at childbearing and
offspring morbidity is known as the “paternal age effect.” There is no
general consensus about the mechanism underlying this effect. The
following four—not necessarily mutually exclusive—hypotheses have
been proposed.
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The first and leading hypothesis is the “de novo mutation hypoth-
esis.” De novo mutations occur spontaneously in the male germline
during spermatogonial stem cell divisions and propagate in successive
clones of spermatocytes [Penrose, 1955; Crow, 2000]. Such de novo
mutations in the male germline occur more often with increasing
paternal age and are hypothesized to increase offspring morbidity.

The second hypothesis concerns mechanisms related to epige-
netic alterations, where impairments in epigenetic modifications
result in altered chromatin structure and DNA-methylation pat-
terns, which lead to altered gene expressions [Perrin et al., 2007]. A
genome-wide DNA-methylation screen comparing sperm from
young and old mice revealed a significant loss of methylation in the
older mice in regions associated with transcriptional regulation.
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The DNA-methylation patterns of mice sperm decreased during
life, and this decrease was reciprocal with brain gene expression
alterations and behavioral problems [Milekic et al., 2015]. An
altered methylation pattern in spermatozoa that was associated
with paternal age was also seen in rats [Oakes et al.,, 2003]. A
longitudinal study in human males with repeated sampling of
sperm 9-19 years apart strongly suggested that 139 genomic
regions in the male human germline become increasingly hypo-
methylated with aging [Jenkins et al., 2014]. Such age-related
epigenetic processes in sperm may contribute to the paternal
age effect.

Thirdly, the “selection into late fatherhood” hypothesis states
that delaying fatherhood (i.e., advanced age of father at the birth of
his first child), rather than the biological correlates of advanced
paternal age per se, is responsible for the paternal age effect
[Petersen et al., 2011]. Factors associated with both a delayed
fatherhood and the offspring’s psychiatric risk are hypothesized
to explain the relationship. One possible common factor is the
father’s genetic vulnerability to psychiatric disorders. Psychiatric
disorders and predisposing traits in subclinical forms (e.g., poor
social functioning) are markers of genetic vulnerability, and it is
hypothesized that these markers limit cross-sex interaction [Sipos
et al.,, 2004; Petersen et al., 2011]. This in turn results in late
fatherhood. Fathers with a genetic vulnerability to psychiatric
illness are more likely to have offspring with a similar genetic
liability. This likelihood is further increased by assortative mating
occurs, where spouses resemble each other in their genetic vulner-
ability to the psychiatric illness.

The fourth hypothesis postulates that environmental character-
istics are unequally distributed over the age of the fathers. These
characteristics may have risk enhancing or protective effects on
psychiatric development, which could account for paternal age
effects [Miller et al., 2011b]. Such characteristics can be causal (e.g.,
assistive reproduction technologies) or non-causal (e.g., socio-
economic status or higher risk of paternal death when the child is
young). We refer to this hypothesis as the “environmental resource
hypothesis.”

The past decades have seen an increased interest in the paternal
age effect on offspring psychiatric morbidity, with the majority of
the studies looking at Autism Spectrum Disorders (ASD), and
Schizophrenia (SCZ). A much smaller number of studies looked at
Attention Deficit/Hyperactive Disorder (ADHD), Bipolar Disor-
der (BPD), Major Depressive Disorder (MDD), and Obsessive-
Compulsive Disorder (OCD). The aim of this paper is to review
epidemiological research into advanced paternal age at childbear-
ing and the offspring’s risk of the development of psychiatric
disorders, and to discuss the epidemiological evidence for and
against the four hypotheses concerning the causal pathway under-
lying the paternal age effect.

A literature search was done in PubMed and PsycINFO, and search
results were limited to English language papers published between
January 1965 and July 2015 in academic journals. The search terms
were (paternal OR parental) AND agein the title or keywords along
with various combination of the following terms in the title or
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abstract: autism, Asperger, PDD-NOS, attention, ADHD, bipolar,
depression, depressive, obsessive, OCD, and schizophrenia. It was not
necessary to add Autism Spectrum Disorders, ASD, or MDD to the
search terms, because autism and depression and depressive were
sufficient to identify the relevant studies. Next, the reference lists of
the relevant articles were examined in order to identify additional
significant articles. Studies were included if they (i) investigated the
relationship between the age of the father at childbearing and
offspring’s risk for developing any of the aforementioned psychi-
atric disorders; (ii) included a comparison group; (iii) had no
sample-overlap with studies with the same index of morbidity as
the outcome variable that was more recent or studied a larger
cohort; and (iv) estimated risk. A flow diagram of the search results
is given in Figure 1.

Our review of the literature identified 30 epidemiological studies of
the relationship between paternal age and offspring psychiatric
morbidity. Most studies concerned ASD (16) and SCZ (11). Of the
16 ASD studies, 11 concerned risk of general ASD, 4 concerned
ASD subphenotypes, and 1 concerned both. Of the 11 SCZ studies,
6 used the narrow diagnosis of SCZ. For ADHD, BPD, OCD, and
MDD fewer studies were reviewed; the number of studies was three
(ADHD), six (BPD), one (OCD), and one (MDD). One study of
BPD distinguished between BPD with and without psychoses
[Lehrer et al, 2016]. Additionally, several studies considered
multiple indices of morbidity [Buizer-Voskamp et al., 2011; Wu
et al., 2012; McGrath et al., 2014; Lehrer et al., 2016].

There was sample overlap between Frans et al. [2013] and Idring
et al. [2014], and Sipos et al. [2004] and Frans et al. [2011]. They
were included because of the slight differences in index of mor-
bidity. Sandin et al. [2016] analyzed multiple cohorts that over-
lapped with the samples of several other studies [Glasson et al.,
2004; Reichenberg et al., 2006; Frans et al., 2013; Idring et al., 2014;
McGrath et al., 2014]. This study is also included, however, because
of the breadth of the investigated phenotype, and the additional
cohort originating from Norway.

The studies differed in terms of diagnostic criteria and
populations. Scandinavian populations were the most com-
monly studied, followed by US, Japanese, Israeli, Australian,
Dutch, Han Chinese, Aruban, UK, and Iranian populations. A
more detailed description of the studied populations and diag-
nostic criteria used in the articles is provided in Supplementary
Table SI.

In this section, we first discuss the evidence for a paternal age
effect on each disorder. In the subsequent section, we discuss the
evidence in support of each of the four hypotheses.

A total of 16 epidemiological studies investigating the paternal age
effect on ASD met our inclusion criteria. Supplementary Tables SII
and SIII provide an overview of the results of these studies. The
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PubMed and PsycINFO search using search terms “parental age” or “paternal age” in title or
keywords along with various combinations of the terms “autism”, “Asperger”, “PDD-NOS”,
“attention”, “ADHD”, “bipolar”, “depression”, “depressive”, “obsessive”, “OCD”, and
“schizophrenia” in title or abstract (n=216).
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FIG. 1. Flow diagram of the search strategy and results.

studies in Supplementary Table SII evaluated the risk within age
groups that are dividable by five, each relative to a reference age
group. The studies in Supplementary Table SIII used differently
defined age categories. For each study, we present the risk estimates
corrected for the co-variates; we discard the raw (i.e., unadjusted)
estimates. Most epidemiological studies of the paternal age effect
take ASD as the outcome variable, represented by Supplementary
Table SIII and the bottom 10 lines of Supplementary Table SII.
Some studies looked at the effect on Autistic Disorder (AD)
specifically or considered different subtypes of ASD (i.e., AD,
Asperger’s syndrome, and Pervasive Developmental Disorder-
Not Otherwise Specified [PDD-NOS]). The risk estimates obtained
in these studies are given in the upper part of Supplementary
Table SII

There was overlap between the cohorts used by some included
studies of ASD [Frans et al., 2013; Idring et al., 2014; Sandin et al.,
2016]. Sample sizes varied greatly with some of these overall sample
sizes and/or case sample sizes being quite small. The risk estimates
may be unstable when based on small sample sizes (small case
sample sizes and small samples of fathers in the extremes of the
paternal age distribution). Epidemiological results concerning the
risk of all ASDs together are reasonably consistent: most studies
suggested that the offspring’s ASD risk increases with advancing
paternal age at childbearing. A meta-analytic study, which included
12 cohorts comprising over 1,035,000 individuals, confirmed this
risk pattern [Hultman et al., 2011]. Compared with fathers who

were 29 years of age or younger at birth of the affected child, the
random effects pooled estimates of risk of ASD were 1.22 for
offspring born to fathers aged 30-39 years (95% CI: 1.05-1.42);
1.78 for offspring born to fathers aged 40-49 years (95% CI:
1.52-2.07), and 2.46 for offspring born to fathers aged 50 years
or older (95% CI: 2.20-2.76).

The studies of the risk of AD specifically showed a similar
consistency: all reported an increasing risk with advancing paternal
age at childbearing. This elevated risk was not consistently seen for
the other ASD subtypes Asperger’s syndrome and PDD-NOS.
However, the results collectively provide robust evidence in sup-
port of the hypothesis that older paternal age at childbearing is a
risk factor for ASD in offspring.

Three studies suggested a linear relationship between increas-
ing paternal age and the risk for their children to develop ASD
[Reichenberg et al., 2006; Tsuchiya et al., 2008; Idring et al.,
2014]. Grether et al. [2009] modeled paternal age as a continuous
variable, and found that paternal age was linearly associated with
the log(OR) over a paternal age range of 20-59 years. However,
Lampi et al. [2013] rejected strict linearity of the relationship
between paternal age and the subtypes of ASD, and Lundstrom
et al. [2010] suggested a U-shaped relationship.

The ASD prevalence in males is higher than in females [Glasson
et al., 2004; Bilder et al., 2009; Grether et al., 2009; Sasanfar et al.,
2010; Parner et al., 2012]. Results from studies that performed
additional separate analyses of the paternal age effect for male and
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female offspring were inconsistent [Reichenberg et al., 2006;
Grether et al., 2009; Sandin et al., 2016]. Sandin et al. [2016]
performed sex-specific analyses across multiple cohorts and found
asimilar effect for female and male offspring. Others found that the
risk for ASD and AD increased less with older paternal age in male
offspring than in female offspring [Reichenberg et al., 2006;
Grether et al., 2009]. This sex difference in increase is in line
with previous findings [Croen et al., 2007; Anello et al., 2009; Puleo
et al., 2011; Parner et al., 2012].

Some studies took into account the parental history of psychi-
atricillness or abroader ASD phenotype (i.e., having a considerable
number of ASD-related traits within any two of the three main
categories of characteristics, namely communication, stereotyped
behavior, and social deficiencies [Tsuchiya et al., 2008]). Tsuchiya
et al. [2008] found that mean paternal age for ASD-affected
children did not differ between fathers with or without a broader
ASD phenotype. The studies that took psychiatric familial history
into account [Frans et al., 2013; Lampi et al., 2013; Idring et al.,
2014; McGrath et al., 2014] still revealed a significant paternal age
effect, except for Lampi et al. [2013] on PDD-NOS and Asperger’s
syndrome.

ASD-affected children are likely to have a low birth order.
Therefore, the majority of the studies took birth order or parity
into account [Glasson et al., 2004; Durkin et al., 2008; Tsuchiya
et al., 2008; Grether et al., 2009; Sasanfar et al., 2010; Shimada et al.,
2012; Lampi et al., 2013; Idring et al., 2014]. The risk of developing
an ASD tended to be highest for firstborn children, and the risk was
inversely associated with birth order of the child [Glasson et al.,
2004; Durkin et al., 2008; Grether et al., 2009; Sasanfar et al., 2010;
Rahbar et al., 2012; Shimada et al., 2012]. Durkin et al. [2008]
examined the birth-order effect in parents of “younger” ages (i.e.,
mother aged between 20 and 34 and the father younger than 40 at
childbearing), “older” ages (i.e., mother older than 34 and father
40 years or older during childbearing), and in couples for whom
either the mother or the father was older (i.e., either mother older
than 34 or father 40 years or older during childbearing). In all three
subgroups, a birth-order effect was observed, with the strongest
effect when both parents had an “older” reproductive age and the
weakest effect when both parents had a “younger” reproductive
age. D’Onofrio et al. [2014] (this study is not included earlier
because of sample overlap with Frans et al. [2013]) performed an
analysis in which only second- or later-born children were in-
cluded. Although smaller, a paternal age effect on AD risk was still
seen. Bilder et al. [2009] did not observe an association between
parity and ASD risk, possibly due to a lack of statistical power.
However, the within-family study of Hultman et al. [2011] on birth
order reported that, relative to father’s age at childbearing of their
first child, the father’s risk to have a subsequent child diagnosed
with autism increased monotonically with advancing age. There
was one exception: a monotonic decrease in offspring’s autism risk
with aging for fathers who were 40 years or older at childbearing of
their first child. Thus, this within-family design confirms the
paternal age effect on ASD for first-time fathers aged 39 years of
age or younger.

Three studies took intellectual disability into account [Tsuchiya
et al., 2008; Lampi et al., 2013; Idring et al., 2014]. Tsuchiya et al.
[2008] only included high-functioning ASD cases and detected a
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relationship with paternal age. The findings of Idring et al. [2014]
suggested that the paternal age effect on the risk of ASD with
intellectual disability was stronger than the effect on ASD risk
without intellectual disability. Lampi et al. [2013] adjusted for
child’s intellectual disability, which may result in biased estimates
of risk, but for AD a significant risk of advanced paternal age was
still observed. However, this was not the case for PDD-NOS or
Asperger’s syndrome.

A total of 11 epidemiological studies that investigated the paternal
age effect on SCZ and related disorders are summarized in Supple-
mentary Tables SIV and SV. These provide an overview of the results
of the models that adjusted for co-variates. The studies in Supple-
mentary Table SIV used age categories splitinto 5-, 10- or 15-year age
segments, and the single study in Supplementary Table SV used
otherwise defined age categories. Two studies had overlap in cohorts,
but both were still included because of the differences in breadth of
diagnosis [Sipos et al., 2004; Frans et al., 2011].

As can be seen from Supplementary Tables SIV and SV, a
substantial number of studies reported that paternal age at child-
bearing was a risk factor for offspring SCZ or related disorders. The
two studies that did not report significant risks had a low number of
cases, which might have led to insufficient power to detect the effect.
All studies that reported significant associations between a paternal
age category and SCZ risk in offspring have documented that the
greatest increase in risk was seen in the oldest age category. The tables
show that some studies reported a steady and monotonic increase in
risk over the paternal age categories, whereas, others reported
significantly elevated SCZ risk only in the oldest age categories.
Linear trend tests in three studies suggested that a linear relationship
between paternal age and offspring SCZ risk [Malaspina et al., 2001;
Zammit et al., 2003; Tsuchiya et al., 2005]. McGrath et al. [2014]
found a U-shaped relationship. Overall, the findings point toward an
increase of SCZ risk with advancing paternal age, but the exact shape
of the relationship remains to be clarified.

The results obtained by a meta-analysis, including over
3,000,000 individuals originating from 12 studies, reported an
association between advanced paternal age and offspring’s risk
of developing SCZ [Miller et al., 2011a]. However, these results
were not adjusted for factors that were associated with SCZ risk in
offspring [McGrath et al., 2008].

Several studies adjusted for prior history of psychiatric morbidity
in parents and sometimes siblings [Sipos et al., 2004; Tsuchiya et al.,
2005; Frans et al.,, 2011; McGrath et al.,, 2014], and some only
adjusted for maternal morbidity [ Dalman and Allebeck, 2002; Miller
et al., 2011b]. The epidemiological data of Dalman and Allebeck
[2002] are not included in Supplementary Table SIV because of
overlap in samples with Frans et al. [2011]. Dalman and Allebeck
[2002] adjusted for maternal psychosis and found a significantly
elevated risk of offspring SCZ for the oldest paternal age group (45
years and older). Of note, a model without adjustment for maternal
psychosis morbidity revealed that the oldest and second oldest
paternal age groups had significantly greater risk of offspring
SCZ. Miller et al. [2011b] found that paternal age was not associated
with non-affective psychosis in offspring, after adjustment for
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maternal SCZ. Note that the morbidity investigated was non-
affective psychosis in general rather than SCZ per se, and note
that the sample size might have been too low to detect an association.
Fransetal. [2011] performed a posthoc analysis in which cases with a
parental bipolar or psychotic disorder diagnosis were excluded, but
arrived at the same conclusions. Sipos et al. [2004] and Tsuchiyaetal.
[2005], following a correction for familial psychiatric history, still
observed a significant association. McGrath et al. [2014] adjusted for
familial psychiatric illness, resulting in a slightly attenuated risk. The
overall effect remained significant, however, and the risks of all age
categories upwards from 30 to 34 were similar. Interestingly, the
significantly greater risk in the 20—-24-year age category was rendered
insignificant by the adjustment for family history of psychiatric
disorders. Lehrer et al. [2016] did not find any significant relation-
ship when calculating the odds of “no psychiatric family history” in
each paternal age group.

Some studies carried out sex-specific analyses [Byrne et al., 2003;
Zammit et al., 2003; Frans et al., 2011; Wu et al., 2012]. Frans et al.
[2011] demonstrated that the age of the maternal grandfather was
associated with offspring SCZ risk, while the age of the paternal
grandfather was not. Byrne et al. [2003] used a cohort overlapping
with the cohort of McGrath et al. [2014], and observed a somewhat
stronger paternal age effect on SCZ risk in females than for males. A
meta-analysis revealed sex similarities in SCZ risk of offspring born
to fathers of 30 years of age or older. However, younger paternal age
(i.e., younger than 25 years of age) was significantly associated with
increased SCZ risk in males but not in females [Miller et al., 2011a].
Several studies with sex-specific analyses did not support sexual
differences in offspring’s SCZ risk with advancing paternal age.
Zammit etal. [2003] only included male individuals, and the results
do not appreciably vary from results of other studies that included
individuals of both sexes. The results of Wu et al. [2012] suggested
that the paternal age effect on SCZ risk is equal in both sexes.
However, the sample size might have been too low to detect
differences in risk. In brief, results concerning sex differences in
the paternal age effect on offspring SCZ are inconsistent.

Seven analyses of BPD risk were found for inclusion in this review.
The results, which included a correction for co-variates, are dis-
played in the upper part of Supplementary Table SVI. Lehrer et al.
[2016] found a significantly decreased risk of BPD without psy-
chosis for offspring born to fathers younger than 20 years of age.
Two analyses found no association between advanced paternal age
and BPD risk, one analysis found a U-shaped relationship, one
analysis showed a monotonic increase in BPD risk with advancing
categories of paternal age, and two analyses showed an elevated risk
associated only with the oldest age category. In the analysis of
McGrath et al. [2014], the overall effect of paternal age was not
significant. Of note, additional analyses, which adjusted for psy-
chiatric history of the siblings and parents, did not find a signifi-
cantly greater risk in the oldest paternal age group. However,
without this adjustment, the oldest age group was significantly
associated with BPD risk (see Supplementary Table SVI). In
summary, the most consistent paternal age effect on the risk of
BPD development was seen in the oldest age group.

AMERICAN JOURNAL OF MEDICAL GENETICS PART B

The results of the epidemiological studies of ADHD, MDD, and
OCD are also displayed in Supplementary Table SVI. D’Onofrio
et al. [2014] examined the paternal age effect on ADHD risk in
offspring, using a proportional hazards regression. The authors
fitted three models: (i) a baseline model (i.e., estimation of
uncorrected risks); (ii) an adjusted model (i.e., including potential
confounders); and (iii) a sibling fixed-effect model (i.e., including
potential confounders and all factors shared by siblings to control
for unmeasured cluster-level co-variates). The results of the second
model, given in Supplementary Table SVI, showed a lack of
significant association between the age of fathering children and
offspring’s risk of developing ADHD. We note that a critic com-
mented that the actual ADHD prevalence in Sweden must be higher
than the prevalence reported in the article (see http://archpsyc.
jamanetwork.com/article.aspx?articleid=1833092) [Kadesjo and
Gillberg, 2001; Giacobini et al., 2014]. The other two studies of
ADHD indicated that paternal age is associated with offspring’s risk
of having ADHD. The results suggested that both younger and
older fathers had an increased risk of having an ADHD-affected
child. Remarkably, the increased risk was greater in younger
fathers. Correcting for prior history of mental illness in the family
attenuated the results of McGrath et al. [2014] displayed in
Supplementary Table SVI. The results of these three analyses
suggest a U-shaped pattern in which young paternal age is a
stronger risk factor for ADHD in offspring than advanced paternal
age.

The one study of OCD revealed a monotonic increase over
advancing categories of paternal age. The one study of MDD
reported that the risk of MDD in offspring was significantly greater
for the two youngest as well as two oldest paternal age groups. Since
studies of MDD or OCD are rare, no firm conclusions can be drawn
regarding paternal age effects.

We reviewed literature on the association between advanced
paternal age at childbearing and the offspring’s risk of ASD,
SCZ, BPD, ADHD, MDD, or OCD. We found that the parental
age effect on ASD and SCZ-related disorders is well established.
Associations with BPD and ADHD are less clear, and no con-
clusions could be drawn regarding associations with MDD and
OCD.

Despite the strong evidence that paternal age at childbearing is
associated with the risk of offspring SCZ and ASD, the exact
functional relationship between paternal age and the risk is un-
known. The evidence for a gradual increase in risk with advancing
paternal age is inconsistent. Knowledge concerning the exact
functional relationship and sensible cut-off ages (if any) is impor-
tant in counseling and in determining public health policy. There-
fore, this remains an important question for further research.

The paternal age effect may vary over the distinct but related
disorders. The results of Sandin et al. [2016] suggest that the
parental age effect on AD is greater than the effect on ASDs
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together. However, the risk estimates in epidemiological studies of
AD are not consistently greater than the estimates in studies of
ASD. Based on the results of Lampi et al. [2013], the associations
found in the studies that examined ASD risk may be mainly
attributable to AD. AD is the most severe form of ASD [Idring
etal.,, 2014], and as such might be diagnosed earlier in life than less
severe forms. This may influence the prevalence of the less severe
forms of ASDs, as the controls may include false negatives. Alter-
natively, the paternal age effect might be more prominently present
on AD risk than on the risk of Asperger’s syndrome and PDD-NOS.
This is consistent with the idea that ASD is etiologically heteroge-
neous [Grafodatskaya et al., 2010; Kalkbrenner et al., 2014].

Studies employing a narrow definition of SCZ reported risks
comparable to those reported by studies of SCZ and related
disorders. Two studies distinguished between a narrow diagnosis
of SCZ and a broad diagnosis of schizophrenia spectrum disorder
or non-affective psychosis and found different risks. Specifically,
Sipos et al. [2004] investigated the paternal age effect on non-
affective, non-schizophrenic psychosis as well as on SCZ. The risk
of non-affective, non-schizophrenic psychosis was remarkably
lower. McGrath et al. [2014] performed separate analyses for
SCZ, schizoaffective disorder, and for SCZ and related disorders.
Whereas the paternal age effect on the risk of SCZ and related
disorders was clear, an effect on schizoaffective disorder was not
observed.

Studies of BPD, ADHD, and MDD subtypes are scarce. Lehrer
et al. [2016] distinguished between SCZ, BPD with and BPD
without psychosis, and found different associated risks. This
suggests that the paternal age effect was mainly present in offspring
with psychotic symptoms, but was absent in BPD without psy-
chotic symptoms. Psychosis could be the core aspect of these
disorders, with advancing paternal age specifically increasing the
risk of psychosis. This is in line with evidence that BPD and SCZ
share susceptibility genes [Craddock et al., 2006].

Based on the association between advanced paternal age and
offspring risk of ASD and SCZ, one might expect that the risk of
ASD or SCZ among children from the same parents increases with
paternal age. Contrary to this expectation, the results regarding
ASD suggest that ASD-affected children are likely to have a low
birth order. If the paternal age effect mainly pertains to firstborn
children, it is unlikely that this paternal age effect is attributable to
age-related mutagenesis and epigenetic alterations in the male
germline.

The results regarding SCZ are somewhat inconsistent. Some
studies that examined the effect of parity or birth order did not
detect any significant relationship with SCZ risk [Malama et al.,
1988; Westergaard et al., 1999; Tsuchiya et al., 2005]. On the other
hand, a study of a Danish population [Petersen et al., 2011] (this
study was not reviewed because of a sample overlap with McGrath
et al. [2014]) investigated the paternal age effect, and the interfer-
ence with birth order. Cox regression was carried out on a
subsample consisting of individuals who had an older sibling of
the same father. The age of the father at birth of the second- or later-
born did not have an effect on offspring’s SCZ risk when adjusted
for age at birth of the firstborn child. Advancing age at childbearing
of the firstborn child had an increasing effect on the SCZ risk of
second- or later-born children.
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Several explanations have been proposed for the birth-order
effect. Firstly, the “hygiene hypothesis” states that firstborn chil-
dren are often less exposed to infections, eliciting an autoimmune
response from the immune system [Durkin et al., 2008]. This
could, in turn, play a role in developing disorders such as ASD and
SCZ [Becker, 2007]. Secondly, parents who delay their parenthood
tend to have fewer children because the range of reproductive age is
smaller. Parents who delay their first parenthood as a result of
psychologically reproduction-impeding traits or psychiatric hos-
pitalization might have fewer children. In other words, if parents’
genetic predisposition to a psychiatric disorder is associated with a
delayed parenthood and fewer children, this could explain the
highest paternal age effect among firstborn children. Thirdly, the
“stoppage” effect might explain the occurrence of a low birth order
of children diagnosed with an ASD [Hoffmann et al., 2014]. After
recognizing ASD or related traits in offspring, parents might decide
to stop having children. If so, stoppage would increase the likeli-
hood that an ASD-affected child from an older father has a low
birth order.

An aspect of the paternal age effect on ASD risk involves the
possibility of a paternal age effect showing a sexual dimorphism,
with paternal age contributing differently to ASD-like traits in male
and female offspring. Several studies reported a greater risk of ASD
in female than in male offspring [Reichenberg et al., 2006; Puleo
et al., 2011; Parner et al., 2012], whereas others did not [Sandin
etal., 2016]. A sexual dimorphism seems consistent with the results
of two sequencing studies [Neale et al., 2012; Sanders et al., 2012],
which detected a higher de novo mutation rate in female children
with ASD than in male children with ASD.

We conclude that most studies have found that children of older
fathers are more likely to develop an ASD or a SCZ-related
disorder. Several hypotheses can explain these associations, that
is, de novo mutations, epigenetic alterations, selection into late
fatherhood, and other environmental factors. The empirical sup-
port for the hypotheses is discussed next.

Sequencing studies have provided some support for the de novo
mutation hypothesis related to psychiatric morbidity [Girard et al.,
2011; Xu et al., 2011; lossifov et al., 2012; Kong et al., 2012;
Michaelson et al., 2012; Neale et al., 2012; O’Roak et al., 2012;
Sanders et al., 2012; lossifov et al., 2014; McCarthy et al., 2014]. In
general, the number of single nucleotide polymorphisms with a
paternal origin increased with two mutations per year [Kong et al.,
2012; Francioli et al., 2015]. The number of de novo mutations
observed in a child is largely determined by the age of the father at
conception. These mutations are predominantly of paternal origin.

The results of sequencing studies of ASD provide evidence for
the de novo mutation hypothesis [Iossifov et al., 2012; Kong et al.,
2012; Michaelson et al., 2012; Neale et al., 2012; O’Roak et al., 2012;
Sanders et al., 2012; Iossifov et al., 2014]. O’Roak et al. [2012] and
Sanders et al. [2012] did not observe a difference in overall
mutation rate between ASD cases and their unaffected siblings,
but observed a trend toward a higher non-synonymous mutation
rate in ASD cases. Similarly, Iossifov et al. [2014] found no
difference in synonymous mutation rate between cases and their
unaffected siblings, whereas there was a difference between cases
and their unaffected siblings regarding the mutation rate of proba-
ble gene-disruptive mutations. Michaelson et al. [2012] reported
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that genes associated with ASD are more mutable than others.
Michaelson et al. [2012] suggested the existence of single nucleo-
tide-substitution hotspots, in which de novo mutations all oc-
curred at once during cell division in the male germline. If the
hypermutable ASD genes contain such hotspots, a threshold effect,
that is, a large difference in risk estimates in two adjacent age
categories, is likely. Several studies support this [Reichenberg et al.,
2006; Durkin et al., 2008; Sasanfar et al., 2010; Buizer-Voskamp
et al., 2011; Frans et al., 2013; McGrath et al., 2014; Sandin et al.,
2016]. Note that risk estimates in the older age groups might be
unstable in some studies because of a low case sample size. Still,
dramatic increase in ASD risk beyond a given reproductive age was
not consistently observed. Rather the risk estimates rather gradu-
ally increase with age, which renders a mutational threshold effect
less likely.

Sequencing studies of SCZ and related disorders also support the
de novo mutation hypothesis. Cases with SCZ or a related disorder
without a family history of SCZ carried a higher number of de novo
mutations than cases with a family history of SCZ and unaffected
individuals [Girard et al., 2011; Xu et al., 2011; McCarthy et al.,
2014]. However, the number and type of de novo mutations in the
SCZ-affected offspring are likely to differ across chromosomes and
genes [Xu et al., 2011; Kong et al., 2012; McCarthy et al., 2014].
McCarthy et al. [2014] found no correlation between paternal age
and the number of de novo mutations. They did find de novo
nonsense mutations to be more numerous. It could be that genes
involved in vulnerability to SCZ are less conserved, and the
mutability is partly controlled by the father’s age [McCarthy
et al., 2014]. This would explain the association between increased
paternal age at childbearing and SCZ in offspring.

Based on sequencing studies, the association between advanced
paternal age and offspring ASD and SCZ may be explained by de
novo mutations related to the father’s age. Some of the detected de
novo events are located in loci that have previously been associated
with ASD, intellectual disability, or SCZ, suggesting a genetic
overlap [lossifov et al., 2014; McCarthy et al., 2014]. Another
interesting similarity between ASD and SCZ is that the increased
rate is most prominent in mutations that are likely to be gene-
disruptive. Awadalla et al. [2010] observed significantly more
potentially deleterious de novo mutations in individuals with
ASD and SCZ than in unaffected controls. Sequencing studies
thus, consistently support the role of de novo mutations in off-
spring’s liability to an ASD or SCZ, but other hypotheses cannot be
ruled out.

Epigenetic disregulation can give rise to impairments in brain
functioning and cognitive development, and is involved in the
etiology of several psychiatric disorders [Schanen, 2006; Dempster
et al,, 2011; Elia et al., 2012; Akbarian, 2014]. In mice, age-related
methylation patterns of genes implicated in ASD and SCZ were
suggested to increase offspring’s risk of behavioral problems
[Milekic et al., 2015]. It is also suggested that advanced paternal
age is a marker for epigenetic disregulation in the human germline
[Jenkins et al., 2014], and that an altered DNA methylation pattern
in human males contributes to the association of increased paternal
age and psychiatric morbidity. One human study suggested that a
paternally altered methylation patterns in the germline is associated
with the early signs of ASD risk in offspring [Feinberg et al., 2015].
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However, the empirical evidence for paternally derived epigenetic
errors is currently limited.

If fathers with a genetic vulnerability to develop psychiatric
illness tend to postpone parenthood, this would result in a greater
genetic vulnerability in older fathers. These fathers will transmit
their risk-increasing genes to their offspring, giving rise to an
increased offspring risk. Assortative mating between parents shar-
ing a genetic vulnerability would further increase the association
between advanced paternal age and offspring psychiatric illness. A
Norwegian population-based study suggested that first-time
fathers of advanced ages had more sleeping problems and previous
depressive symptoms compared to younger first-time fathers
[Nilsen et al., 2013]. A recent study using population genetic
modeling to investigate the mechanisms underlying the association
between advanced paternal age and common psychiatric disorders
in offspring supported the hypothesis of selection into late father-
hood [Gratten et al., 2016]. The authors suggested that delaying
fatherhood due to an increased liability to common psychiatric
disorders, such as ASD and SCZ, accounts for more of the risk than
age-related de novo mutations.

Based on the empirical data reviewed here, it is not clear if the
selection into late fatherhood hypothesis is applicable to ASD.
Several studies of ASD took into account the potential confounding
factor of a familial history of psychiatric disorder. Hultman et al.
[2011] concluded that both maternal and paternal psychiatric
hospitalization increased the odds of having an autistic child.
Therefore, the authors included psychiatric hospitalization as a
co-variate in their analyses. However, they still saw a significant risk
pattern for paternal age. The same is true for the studies by Frans
etal. [2013], Lampi et al. [2013], Idring et al. [2014], and McGrath
et al. [2014], who also included family history as a co-variate but
still found a significant risk pattern. However, Lampi et al. [2013]
did not find a robust association between father’s age at childbear-
ing and risk of PDD-NOS or Asperger’s syndrome. The significant
risk pattern suggests involvement of biological mechanisms, such
as age-related mutagenesis or epigenetic alterations in father’s
germline rather than a selection into late fatherhood.

The selection into late fatherhood hypothesis has been examined
in different ways. Tsuchiya et al. [2008] tested whether the mean
paternal age differed between fathers of ASD-affected children with
or without a broader ASD phenotype. The mean paternal age did
not differ significantly between these groups. Parner et al. [2012]
(sample overlap with McGrath et al. [2014]) analyzed a sibling
cohort that included families with at least two full siblings, of whom
atleast one sibling was diagnosed with ASD. Among the families, in
which the first sibling was born when the parents were young, and
the second sibling was born when one or both parents were of
advanced age, the second sibling had a higher risk of ASD. This
finding is inconsistent with the selection into late fatherhood
hypothesis.

The hypothesis of selection into late fatherhood might be more
applicable to the association between father’s age and SCZ in
offspring. The results of two studies in which the analysis was
only adjusted for maternal morbidity, point toward an association
between maternal psychiatric morbidity and advanced paternal age
[Dalman and Allebeck, 2002; Miller et al., 2011b]. The genetic
predisposition of the father would only account for the paternal age



DE KLUIVER ET AL.

effect if there is assortative mating, as the paternal age effect could
then be explained by the psychiatric history of the mother. An
epidemiological study that corrects for maternal and paternal
history of psychiatric illness both separately and together may
provide insights regarding the role of assortative mating. Based on
current findings, genetic predisposition for SCZ does not seem to
account for the relationship between paternal age at childbearing
and SCZ occurrence in offspring [Tsuchiya et al., 2005; Frans et al.,
2011; McGrath etal., 2014 ]. Furthermore, the results of Lehrer et al.
[2016] are contrary to the assumption that parents with a psychi-
atric family history tend to postpone parenthood. However, it is
still possible that parents with such a genetic vulnerability do not
have a family history of SCZ, but rather carry genetic predisposing
traits that contribute to a late childbearing pattern. However,
Petersen et al. [2011] and Ek et al. [2014] provided strong evidence
for the selection into late fatherhood hypothesis in relation to SCZ.
Ek et al. [2014] demonstrated an association between age at
fatherhood and offspring SCZ risk among second- and third-
born children, but found no association between advanced paternal
age and SCZ after controlling for the age of first paternity. Petersen
et al. [2011] suggested that only postponement of fathering the
firstborn child affected the SCZ risk of the first- as well as later-born
children.

There are three studies of BPD that adjusted for family history of
psychiatric illness. The results of Frans et al. [2008] and Chudal
et al. [2014] revealed a significant risk pattern after controlling for
this possible confounder, suggesting that the paternal age effect is
not attributable to a selection into late fatherhood. The oldest age
group was the only group in which an increased risk of BPD was
seen. The results of McGrath et al. [2014] pointed toward parental
history of psychiatric illness being a confounder, and supported the
selection into late fatherhood hypothesis. This association disap-
peared after adjustment for a family history of psychiatric illness in
a secondary analysis.

A remarkable finding of two studies of ADHD risk was that
children born to older fathers and children born to younger fathers
were more likely to develop ADHD. The association with younger
fathers is contrary to the selection into late fatherhood hypothesis.
Patients with ADHD have, on average, more children compared to
unaffected individuals [Williams and Taylor, 2006]. The age of
having the first child might therefore, be lower, so a genetic
vulnerability of the father to ADHD could result in a selection
into early, rather than late, fatherhood. The increased risk associated
with younger paternal age is consistent with the suggestion that
teenage pregnancy is a risk factor for ADHD [Chang et al., 2014].

It is possible that there is no causal link between the father’s age
at conception and the risk for children to develop ASD or SCZ. The
association may be due to a distinct confounding risk factor. If so,
paternal age would be a risk indicator rather than a risk factor. The
environmental circumstances and characteristics of older fathers
may differ from those of younger fathers. For instance, assisted
reproductive technologies, which are more frequently used in older
fathers, may increase the offspring ASD risk. However, a large study
of the Netherlands Twin Register did not find differences in growth,
attainment of motor milestones, or behavioral development be-
tween IVF and matched non-IVF children [van Beijsterveldt et al.,
2011].
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Although parental death is more common among older parents,
Sipos et al. [2004] suggested that this does not explain the associa-
tion between old paternal age and offspring risk. Furthermore, a
study of the age of the adoptive father and the risk of non-affective
psychosis in adoptees did not provide evidence for psychosocial or
environmental factors explaining the paternal age effect [Ek et al.,
2012].

It is always possible that there are unknown, and therefore,
unmeasured confounders. The matched control group as used in
some studies [Bilder et al., 2009; Buizer-Voskamp et al., 2011; Frans
etal.,2011; van Balkom et al., 2012; Lampi et al., 2013] may provide
additional correction for unmeasured confounders, in so far as the
unmeasured confounders correlate with the variables on which the
matching was based. With exception of van Balkom et al. [2012],
the studies of ASD demonstrated an attenuated risk pattern
compared to the unmatched analyses. This attenuation is not
seen in studies of SCZ. All epidemiological studies that used a
matched control group matched cases to controls based on features
of the children. Some features may reflect characteristics of their
fathers, such as place of birth of the child. Matched analyses based
on environmental features of the father himself may provide
additional information.

The several mechanisms underlying the paternal age effect may
work together or even act synergistically. For example, the de novo
mutation hypothesis does not rule out the hypothesis concerning
epigenetic disregulation and vice versa. An altered methylation
pattern in the male germline could be a consequence of an
increased mutation rate, cause an increased mutation rate or be
independent of de novo mutations. Furthermore, there could be an
interaction between selection into late fatherhood and environ-
mental resources; a factor that is both associated with a higher risk
of developing a psychiatric disorder and delayed fatherhood as a
consequence of genetic liability could facilitate such an interaction.

The paternal age effect requires further study. One promising
line would be to perform polygenetic risk score profiling. With
genetic data, polygenetic risk scores can be determined and used to
investigate whether men with higher polygenetic risk have children
at later ages. Polygenetic risk scoring has already provided evidence
for an overlap between genetic factors associated with SCZ risk and
genetic factors associated with the age of first maternity [Mehta
et al., 2016].

Another promising line would be to investigate symptoms
rather than disorders [Weiser et al., 2008]. Some symptoms are
associated with several disorders, and some symptoms are not
always seen in patients diagnosed with the same disorder. Attention
should also be paid to learning abilities and disabilities. A reduced
ability to learn and cognitive impairments are frequently observed
among ASD- and SCZ-affected individuals [Freitag, 2006; News-
chaffer et al., 2007; Koenen et al., 2009; Coe et al., 2012]. A genetic
overlap between ASD, SCZ, and intellectual disability has been
suggested [McCarthy et al., 2014]. In addition, the age of the father
at childbearing is suggested to be a risk factor for intellectual
disability [Malaspina et al., 2005; Saha et al., 2009; Hehir-Kwa
et al., 2011]. Offspring of older mice displayed transcriptional
disregulation of developmental genes that are implicated in not
only ASD and SCZ, but also in mental retardation [Milekic et al.,
2015]. Note that there are practical issues regarding investigation of
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SCZ and intellectual disability. For instance, the IQ of SCZ patients
is more subjected to changes over time compared to the IQ of
unaffected individuals [Hedman et al., 2013].

Although this review strongly suggests evidence for an increased
risk related to advanced paternal age, having an older father might
not be exclusively risk-increasing. For example, offspring of older
men might have advantages from a social point of view. The initial
results of Byrne et al. [2003] showed a U-shaped relationship, but
after controlling for familial psychiatric history and social factors,
this U-shaped pattern was attenuated. Additionally, some analyses
exposed age categories that were not associated with risk or had a
lower risk than the adjacent age categories. This suggests that
having an older father during birth may be protective, which is
not compatible with the selection into late fatherhood hypothesis.
Offspring of older men are more likely to have fathers with a higher
educational attainment, a higher income, and financial security
[Bray, 2006; Sobotka, 2010]. However, there is no general consen-
sus regarding social class and the risk of SCZ or ASD. Previous
research has shown that there is a modest increase in SCZ risk for
children born to fathers in the lowest social class at their birth, but
there is no gradient over social classes [Corcoran et al., 2008].

The epidemiological results to date suggest that the father’s age at
childbearing is associated with adverse psychological health con-
sequences in offspring with the strongest evidence for ASD and
SCZ. The extent to which the four hypotheses about the underlying
mechanisms apply to the separate disorder might differ between
one another. Evidence for the de novo mutation hypothesis is most
plentifully provided for ASD and SCZ, suggesting that age-related
mutagenesis plays a role. There is currently more evidence for the
selection into late fatherhood hypothesis to be applicable to SCZ
development than to other psychiatric disorders. Whether the
environmental resource hypothesis and the hypothesis about
epigenetic disregulations are more valid for certain psychiatric
conditions than others is not yet possible to decide.
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