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Abstract

Although paternal age has been linked to certain psychiatric disorders, the nature of any causal
relationship remains elusive. Here, we aimed to comprehensively assess the magnitude of a wide
range of offspring’s psychiatric risk conferred by paternal age, leveraging a pedigree inferred from
covered-insurance relationship (accuracy >98%) in Taiwan’s single-payer compulsory insurance
program. We also examined whether there is an independent role of paternal age and explored the
potential effect of parental age difference. A total cohort of 7,264,788 individuals born between
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1980-2018 were included; 5,572,232 with sibling(s) were selected for sibling-comparison
analyses and 1,368,942 and 1,044,420 children with information of paternal-grandparents and
maternal-grandparents, respectively, were selected for multi-generation analyses. Using inpatient/
outpatient claims data (1997-2018), we identified schizophrenia, autism, bipolar disorder (BPD),
attention deficit-hyperactivity disorder (ADHD), major depressive disorder (MDD), eating
disorder (ED), substance use disorder (SUD), mental retardation (MR), tic disorder, obsessive-
compulsive disorder (OCD), anxiety, and somatoform disorder. We identified suicides using death
certificates. Logistic regression analysis was used to estimate the paternal/maternal/grand-paternal
age association with psychiatric risk in the offspring. The total cohort and sibling-comparison
cohort resulted in similar estimates. Paternal age had a U-shaped relationship with offspring’s
MDD, ED, SUD, and anxiety. A very young maternal age (<20 years) was associated with
markedly higher risk in offspring’s SUD, MR, and suicide. Older paternal age (>25 years) was
linearly associated with offspring’s schizophrenia, autism, BPD, ADHD, MDD, ED, SUD, MR,
OCD, anxiety, and suicide. Older grand-paternal age was linearly associated with offspring’s
schizophrenia, autism, ADHD, and MR. Dissimilar parental age was positively associated with
offspring’s ADHD, MDD, SUD, MR, anxiety, and suicide, and negatively associated with
offspring’s OCD. This comprehensive assessment provides solid evidence for the independent
role of paternal age in psychiatric risk in the offspring and clarifies the significance of both early
parenthood and delayed paternity.

Introduction

Accumulating evidence suggests that older paternal age could be associated with a variety
of psychiatric disorders,1-3 particularly autism, schizophrenia, and bipolar disorder (BPD).1-
4-15 A few studies have proposed an association between paternal age and attention deficit-
hyperactivity disorder'® (ADHD) and eating disorders.2® 17 An increased psychiatric risk
in the offspring of very young parents has also been reported,® 10: 18 reflecting a bimodal
association of parental age on psychiatric disorders.

The “de novo mutation” hypothesis has been proposed to explain the relationship of older
paternal age with psychiatric disorders.1® Sequencing studies have demonstrated a linear
relationship between paternal age and the rate of de novo mutations in the offspring,20-27
with approximately two additional de novo mutations per increased year in paternal age.
The hypothesis is that this additional mutational load increases the occurrence of severe
biological sequelae.?8: 22 Alternatively, selection into late fatherhood, which may reflect
the fathers” own increased predisposition to psychiatric disorders, could confound this
association with paternal age.30-32

Family-based designs with sibling comparisons!8: 33: 34 can help account for unmeasured
confounders shared within a family. Siblings within the same family share common
environmental factors and the same parental predisposition to psychiatric disorders,

hence family-based analyses can help rule out confounding factors by shared familial
predispositions. Multi-generation analyses also help in clarifying if there is an independent
role of paternal age in the risk for psychiatric disorders. Advanced grand-paternal age at
childbirth of the parent was associated with increased risk of autism in the offspring in

Mol Psychiatry. Author manuscript; available in PMC 2024 July 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 3

Sweden3® and Denmark,1® which is consistent with the g novo mutation hypothesis, since
paternal-age-related mutations not only result in increased psychiatric risk in the offspring,
but could also contribute to the mutation burden in subsequent generations’ psychiatric risk.
However, the assessment of schizophrenia from a Swedish group provided inconclusive
results: the association with schizophrenia was limited to the maternal grandfather alone
and had no association with the age of the paternal grandfather.36 Beyond consideration

of paternal and maternal age as independent risk factors, a few studies have also explored
the joint effect of both paternal and maternal age by assessing their mean and difference,
showing that an increased gap in the parental age was associated with higher risk of
developing schizophrenia, autism, and ADHD in their offspring.37-39

To date, large-scale studies on the association between paternal age and the risk of
psychiatric disorders have mainly been conducted in the Danish1 31. 39 and Swedish
populations,13: 35 40. 41 hecause these countries have comprehensive multi-generation
national registries available for scientific research. Insurance claims data has also been
used to perform large-scale family-based genetic studies in the US#2 43 and Taiwan.44

45 To date, however, the existing literature has focused on a limited range of diseases,

and the association with paternal age and risk for psychiatric disorders has not been
examined in these datasets. Utilizing a nationwide population-based cohort of more than

7 million individuals, with parental information established from covered-insurance data
in Taiwan’s single-payer compulsory National Health Insurance (NHI) program, this study
aimed: 1) to comprehensively assess the magnitude of a wide range of psychiatric risks in
offspring conferred by paternal age effects; 2) to determine if there is an independent role
of paternal age using sibling-comparison and multi-generation analyses; and 3) to explore
the joint association of paternal and maternal age and the risk of psychiatric disorders in the
offspring.

Material and methods

Study design

We conducted a nationwide cohort study of individuals born between January 1, 1980

and December 31, 2018, followed-up from 1997 to 2018 in the National Health Insurance
Research Database (NHIRD), which covers approximately 99% of the residents of Taiwan.
This study integrated four major nationwide health information databases provided by

the Health and Welfare Data Science Center, Ministry of Health and Welfare, Taiwan.

We inferred pedigree relationships using two databases, the Registry for Beneficiaries

and the Maternal and Child Health Database. We identified patients diagnosed with a
psychiatric disorder using inpatient and outpatient claim databases. We used data from
death certifications to follow-up the vital status of the study population. All entries for each
individual were linked by a unique personal identifier number, hence the medical records
and the registration files of each enrollee could be linked.

Family ascertainment

The registry for beneficiaries contains information on sex, date of birth, insurance amount,
and the identifiers of the relationships between insured person and their dependents. Only
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spouses and blood relatives are eligible as dependents of an insured person. Based on the
Registry for Beneficiaries from 1997 to 2018, family information was ascertained based

on the information of the identifiers and unique personal identifier numbers of the parent,
child, grandparent, grandchild, and spouse. Indirect identification of the pedigree was further
performed based on the above-mentioned direct identification. We selected families wherein
the parent and child had an age difference of at least 12 years to maximize the probability to
obtain correct familial relatedness. Full siblings were defined as two individuals having the
same parents. Twins were defined as two individuals being born on the same day and from
the same parents; however, monozygotic and dizygotic twins could not be distinguished.

Nuclear families can be directly identified based on the Maternal and Child Health database,
which contains information on the unique personal identifier of infants and both the parents.
Among 2,770,736 individuals born between 2004 and 2017 recorded in the database,
2,661,371 individuals had information on the father, 2,769,611 had information on the
mother, and 2,660,806 had information on both parents.

We compared the consistency between the established pedigree inferred from the Registry
for Beneficiaries and the Maternal and Child Health database. We used the Maternal and
Child Health database as the gold standard for retrieving information. Among 2,661,371
father—child relationships identified in the Maternal and Child Health database, fathers of
1,819,313 children could be inferred from the Registry for Beneficiaries, and 1,807,569
(accuracy=99.35%) were identical. Among 2,769,611 mother—child relationships identified
in the Maternal and Child Health database, mothers of 2,343,934 children could be inferred
from the Registry for Beneficiaries, and 2,300,523 (accuracy=98.15%) were identical.

We then combined the established pedigree relationship inferred from the Registry for
Beneficiaries and the Maternal and Child Health database. A total of 7,264,788 eligible
individuals from 4,057,701 families born between 1980 and 2018 had information on both
parents and were included in this study.

For within-family analyses, we selected families with at least two offspring; one was
selected at random for twins or triplets. A total of 5,572,232 persons with sibling(s)

from 2,451,930 families were selected for within-family analyses. For multi-generation
analyses, individuals with information on paternal-grandparents or maternal-grandparents
were selected. A total of 1,368,942 and 1,044,420 persons were enrolled for paternal-
grandparent and maternal-grandparent cohorts, respectively. The coverage of linkage to
both parents, paternal-grandparents, and maternal-grandparents is shown in Supplementary
Figure 1.

Disease definitions

Based on the inpatient and outpatient claims data during 1997 and 2018, we identified
twelve major psychiatric disorders, including schizophrenia (ICD9 code: 295; ICD10 code:
F20, F25), autism (ICD9 code: 299; ICD10 code: F84), BPD (ICD9 code: 296.0-296.1,
296.4-296.8; ICD10 code:), ADHD (ICD9 code: 314; ICD10 code: F90), major depressive
disorder (MDD, ICD9 code: 296.2, 296.3, 300.4, 311; ICD10 code: F32, F33, F34.1), eating
disorders (ICD code: 307.1, 307.5; ICD10 code: F50), substance use disorder (SUD, ICD9
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code: 291, 292, 303.0, 303.9, 304, 305; ICD10 code: F10-F19), mental retardation (MR,
ICD9 code: 317-319; ICD10 code: F70-F79), tic disorder (ICD9 code: 307.2; ICD10 code:
F95), obsessive-compulsive disorder (OCD, ICD9 code: 300.3; ICD10 code: F42), anxiety
disorder (ICD9 code: 300.0; ICD10 code: F40, F41), and somatoform disorder (ICD9
code: 300.7, 300.8; ICD10: F45). The criterion of at least two outpatient or one inpatient
admissions for such disease was chosen to increase diagnostic precision. We identified
suicide (ICD-9: E950-E959, ICD-10: X60-X84 or Y87.0) based on information obtained
from death certificates.

Statistical analysis

Paternal age was calculated by subtracting the offspring’s birth date from the father’s birth
date. Paternal age was categorized as <20, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49,

and =50. Maternal age was categorized as <20, 20-24, 25-29, 30-34, 35-39, and = 40.

The risk of psychiatric disorder in every paternal or maternal age category was calculated.
Attributable risk of psychiatric disorder due to a very old paternal age (=50 years) was
calculated. We estimate the relative risk of paternal age for each psychiatric disorder using
the odds ratio (OR) in a multiple logistic regression model, adjusting for maternal age, sex
of the offspring, offspring’s age (the length of follow-up), and offspring’s birth cohort as the
first adjustment model. Further adjustment for paternal and maternal history of psychiatric
disorders was included in a second adjustment model, and a fully adjusted model further
included the family’s insurance amount (the highest during the study period) and residential
area.

To consider unmeasured confounders shared within a family, we performed sibling-
comparison analysis using generalized estimating equations (GEESs) with an exchangeable
working correlation structure, which assumes that siblings are equally correlated within

a given family. The generalized linear model with binomial distribution and logistic link
function was employed to estimate the OR and 95% confidence interval (CI). The first
adjustment model included paternal age, maternal age, sex of the offspring, offspring’s age,
and offspring’s birth cohort. The fully adjusted model was further adjusted for paternal and
maternal history of psychiatric disorders, family’s insurance amount, and residential area.

We performed multi-generation analyses to explore the psychiatric risk across generations
by testing the association between the age of paternal or maternal grand-paternal/maternal
and the offspring’s psychiatric risk. Grand-paternal age was categorized as <20, 20-24,
25-29, 30-34, 35-39, and = 40. Grand-maternal age was categorized as <20, 20-24, 25—
29, 30-34, and = 35. The first model was adjusted for age of the other grandparent, sex

of the offspring, offspring’s age, and offspring’s birth cohort. The second model further
adjusted for grandparents’ history of psychiatric disorders. The fully adjusted model was
further adjusted for paternal age, maternal age, paternal and maternal history of psychiatric
disorders, family’s insurance amount, and residential area.

We further examined the joint association of paternal age and maternal age on psychiatric
risk in the offspring. Owing to the linear relationship between paternal age, maternal age,
and parental age difference, we could not include these three variables in the same model.
We included the mean of parental age to capture the effect of ageing, and the difference in
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the parental age to capture the effects not associated with ageing. We separated dissimilar
parental age into: younger fathers reproducing with older mothers and younger mothers
reproducing with older fathers. Parental age difference (paternal age subtracted by maternal
age) was categorized as < —10 (mother at least 10 years older than father), -5 to -9, -2 to
-4, -2 to 2 (mother and father with <2 years age difference), 2to 4,5t0 9, 10 to 14, = 15
(father at least 15 years older than father). The first model adjusted for sex of the offspring,
offspring’s age, offspring’s birth cohort, and paternal and maternal history of psychiatric
disorders. The fully adjusted model was further adjusted for family’s insurance amount and
residential area.

Accounting for multiple testing of 13 psychiatric disorders, the significance level was set
at a Bonferroni-corrected 0.004. All statistical analyses were performed using the SAS
statistical package (version 9.4 for Windows; SAS Institute Inc., Cary, North Carolina).

Demographic distributions

The demographic characteristics of the study participants are presented in Supplementary
Table 1. The distribution of paternal and maternal age by birth cohort is presented in
Supplementary Figure 2. Generally, both paternal and maternal age were higher in the
younger birth cohort.

In the total cohort with 7,264,788 individuals, we identified 25,184 (0.35%) with
schizophrenia, 51,210 (0.7%) with autism, 32,959 (0.45%) with BPD, 265,294 (3.65%) with
ADHD, 187,615 (2.58%) with MDD, 7,551 (0.10%) with an eating disorder, 89,871 (1.24%)
with SUD, 72,247 (0.99%) with MR, 44,763 (0.62%) with tic disorder, 19,623 (0.27%)

with OCD, 303,681 (4.18%) with anxiety, 11,310 (0.16%) with somatoform disorder, and
3,603 (0.05%) who committed suicide. The distribution of these psychiatric disorders by
paternal and maternal age groups in the total cohort is shown in Supplementary Table 2. The
corresponding information on sibling-comparison cohort, paternal grandparent cohort, and
maternal grandparent cohort is shown in Supplementary Table 3-5.

The results of total cohort and sibling-comparison cohort

In the total cohort, cumulative incidence of psychiatric disorders in offspring of paternal
age groups of 25-29 and of =50, and attributable risk of psychiatric disorders in offspring
due to advanced paternal age =50 is shown in Figure 1. The offspring of very old paternal
age of =50 have a higher cumulative incidence of every psychiatric disorder compared to
paternal age of 25-29, and attributable risk of schizophrenia, autism, MR, and suicide was
high (~60%).

The estimated association between paternal and maternal age and the risk of psychiatric
disorders in the offspring in the first, second, and fully adjusted models is shown in the
Supplementary Table 6-18. After further adjusting for the paternal and maternal history of
psychiatric disorders in the second adjustment model, the strength of the association with
paternal age attenuated slightly. After further adjusting for family’s insurance amount and
residential areas in the fully adjusted model, the strength of the association of paternal age
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attenuated modestly for schizophrenia, BPD, SUD, MR, and suicide, and the strength of the
association of maternal age attenuated for autism; this implies a potential role of the parents’
socioeconomic status on the association with parental age.

The ORs for each of the offspring psychiatric outcomes across the categories of paternal
and maternal age in the fully adjusted models in the total cohort are plotted in Figure

2. The results in the sibling-comparison cohort gave similar estimates (detailed values in
Supplementary Table 19-31 with different adjustments). Overall, paternal age categories
were significantly (p<0.004) associated with all psychiatric outcomes in the offspring,
except for tic and somatoform disorders, and maternal age categories were significantly
associated with all psychiatric outcomes in the offspring, except for schizophrenia,
somatoform and eating disorders (Table 1). Both paternal and maternal age categories had
a U-shaped relationship with the offspring’s risk of developing BPD, MDD, SUD, and
anxiety (the lowest offspring risk was observed in parental age of 25-29 years, except for
SUD in maternal age of 30-39 years). A U-shaped relationship was also observed between
paternal age categories and eating disorder. Notably, a very young maternal age of <20
years was associated with increased risk of BPD (OR=1.14, 95% CI: 1.08-1.20), MDD
(OR=1.22, 95% CI: 1.19-1.24), anxiety (OR=1.15, 95% Cl: 1.13-1.17), SUD (OR=1.53 ,
95% Cl: 1.48-1.57), MR (OR=1.78 , 95% CI: 1.71-1.84), and suicide (OR=1.62, 95% ClI:
1.41-1.86) in the offspring, compared to maternal age of 25-29 years. In addition, paternal
age categories were monotonically associated with the offspring’s risk of developing
schizophrenia, autism, ADHD, MR, OCD, and suicide

Paternal age =25 years was linearly associated with several psychiatric disorders in the
offspring in the fully adjusted model in the total cohort (Table 1). A strong association

was observed between paternal age and schizophrenia (OR=1.37 for per 10-year increase
> 25 years, 95% CI: 1.33-1.40), autism (OR=1.29, 95% CI: 1.27-1.32), MR (OR=1.56,
95% CI: 1.54-1.58), and suicide (OR=1.26, 95% CI: 1.17-1.36) in the offspring, and was
modest for BPD (OR=1.14, 95% ClI: 1.11-1.17), ADHD (OR=1.03, 95% CI: 1.02-1.04),
MDD (OR=1.12, 95% CI: 1.11-1.14), eating disorder (OR=1.16, 95% CI: 1.09-1.23), SUD
(OR=1.11, 95% CI: 1.09-1.13), OCD (OR=1.13, 95% CI: 1.09-1.17), and anxiety (OR=1.06,
95% CI: 1.05-1.07) in the offspring. An association was observed between older maternal
age (over 25 years) and autism (OR=1.24 for per 10-year increase = 25 years, 95% ClI:
1.20-1.27) and OCD (OR=1.28, 95% ClI: 1.21-1.36).

The sex-stratified results in the total cohort are shown in Supplementary Figure 3. Generally,
the paternal age association and maternal age association was similar between the sexes,
except for SUD, wherein the increased risk in both younger age and older parental groups
was higher in female offspring than in male offspring.

The birth cohort-stratified results are shown in Supplementary Figure 4. Stratifying the

total cohort into different birth cohorts did not change the overall trend of the parental age
association. The paternal age association with offspring’s autism and MR was markedly
strong in offspring of younger birth cohort and was also evidenced in offspring of every birth
cohort.
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Multi-generation analyses

To evaluate the association with paternal age across generations, the results of paternal-
grandfather/grandmother age and maternal-grandfather/grandmother age with different
modeling adjustments are shown in Supplementary Table 32-44. The ORs for each of the
psychiatric outcomes in the offspring across the categories in the fully adjusted models are
plotted in Figure 3, and the patterns in paternal- and maternal grandfather age were similar;
the confidence interval for maternal grandfather age was wider due to the smaller sample
size. A linear relationship with grandfather age was observed for schizophrenia, autism,
ADHD, and MR in the offspring. Older age of the grandfather was linearly associated

with schizophrenia (OR=1.23 with 95% CI: 1.10-1.38 for per 10-year increase in paternal
grandfather age and OR=1.20 with 95% CI: 0.99-1.44 with only birder-line significance
for maternal grandfather age, Table 1), autism (OR (95% CI)=1.16 (1.11-1.21) and 1.14
(1.09-1.19)), ADHD (OR (95% Cl)=1.11 (1.09-1.13) and 1.10 (1.08-1.13)), and MR (OR
(95% Cl1)=1.28 (1.22-1.33) and 1.31 (1.25-1.38)) in the offspring. Generally, grandmother
age was not associated with offspring’s psychiatric risk except for the increased risk of MR
in the offspring with grandmaternal age <20 years (OR (95% Cl)=1.36 (1.26-1.47) for
paternal-grandmother and 1.19 (1.08-1.31) for maternal-grandmother).

Joint association of parental age

The joint associations of paternal and maternal age (their difference and mean) with
psychiatric risks in the offspring are shown in Figure 4 (the distributions and association
estimates with different adjustments are shown in Supplementary Table 45-57). A higher
mean of parental age was linearly associated with schizophrenia, autism, ADHD, tic, and
OCD in the offspring; a U-shaped relationship was observed between mean parental age
and BPD, MDD, eating disorder, SUD, MR, anxiety, and suicide in the offspring. Dissimilar
parental ages have a U-shaped relationship with the risk of MDD, SUD, MR, anxiety,

and suicide in the offspring; an inversed-U-shaped relationship with OCD in the offspring
was observed. Offspring of mothers who were older than the father had a higher risk of
autism and ADHD. Offspring whose father was older than the mother had a higher risk of
schizophrenia and a lower risk of tic disorder.

Discussion

With the pedigree established from the claims database in Taiwan’s single-payer compulsory
insurance program, this nationwide population-based cohort study of over 7 million
individuals with nearly 40 years of follow-up comprehensively assessed the magnitude of a
wide range of psychiatric risks in the offspring conferred by paternal age. Both paternal and
maternal age had a U-shaped relationship with several psychiatric disorders in the offspring.
Very young maternal age was associated with a marked increase in the risk of SUD, MR,
and suicide in the offspring. Older paternal age than 25 years was associated with a higher
risk of several psychiatric disorders. Multi-generation analyses suggested that the effect of
paternal age on the risk of schizophrenia, autism, ADHD, and MR in the offspring could
accumulate across generations. Dissimilar parental ages also had a relationship with the risk
of psychiatric disorder in the offspring. Our findings provide support for an independent
role of paternal age in the increased risk of psychiatric disorder in the offspring and the
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hypothesis that de novo mutations along with paternal age are associated with the risk of
psychiatric disorders in the offspring.

Previous assessments of paternal age and a wide range of psychiatric disorders in the
offspring have been studied in nationwide cohorts of Sweden!2 and Denmark.19: 39 The
current Taiwanese nationwide cohort study has a larger sample size, analyzes parental age,
and provides more precise estimates. We demonstrated that the increased psychiatric risk
was not solely present in the offspring of extremely old fathers, and the psychiatric risk
associated with paternal age followed a “dose-response” relationship.

The association of paternal age with psychiatric diagnoses could be confounded by the
father’s predisposition to psychiatric disorder and psychosocial factors. Therefore, in our
analyses, we adjusted for parental history of psychiatric disorders and the family’s economic
status. Although the education level of the father is not adjusted in our analyses, the
sibling-comparison analysis exempts this study from confounders by including familial
predisposition and socio-economic features as confounding factors, and providing robust
paternal age association with the psychiatric risk of the offspring. This is in line with a
previous Swedish family-based study!? supporting the independent role of paternal age.

The trans-generational association of paternal age with schizophrenia, autism, ADHD, and
MR in the offspring extends previous evidence for autism1®: 3 and schizophrenia,3® and not
only suggests that advanced grand-paternal age is independently associated with psychiatric
risk in the offspring but also provide empirical evidence that paternal-age-related mutations
could accumulate across generations.

There are numerous divisions in spermatogonial stem cells throughout life, and delaying
fatherhood results in an increase in de novo mutations.*6 Certain mutations in the mutant
spermatogonial cells are possibly progressively enriched for providing a selective advantage,
and these selfish mutations are distinguished from the neutral copy error process that is
random and accumulated over time.28: 47 Furthermore, these selfish mutations have been
directly identified within individual seminiferous tubules, generating spermatozoa, in human
testes.8 Otherwise, family studies in autism and schizophrenia also identified de novo
mutation in genes involved in selfish spermatogonial selection.*9-51 Other family-based
studies implementing sequencing approaches are needed to quantify the importance of de
novo mutations in the association of paternal age with the risk of psychiatric disorders in the
offspring.

Animal studies have shown that advanced paternal age is associated with the behavioral
domains relevant to schizophrenia and autism,52-55 suggesting that paternal age per se plays
an independent role in the offspring’s health outcome.

A critical concern about the de novo mutations hypothesis is whether the effect of paternal
age is confounded by selection into late fatherhood, such as by a genetic liability for
psychiatric disorder in parents. Individuals with a higher genetic liability may choose
early or postponed parenthood,>6-58 and they will also transmit an increased genetic risk
to their children. However, a previous study has shown that even after adjusting for
parental genetic liability of schizophrenia, the association of paternal age with early-onset
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schizophrenia remained;° this indicated that paternal age per se plays an independent role
in the offspring’s psychiatric risk.

Previous population genetic modelling has shown that the de novo mutation hypothesis
and selection into late fatherhood hypothesis are not mutually exclusive.59 Furthermore,
age-related epigenetic modifications®1-63 and cumulative environmental exposure and
psychological disadvantages of older fathers3 may altogether contribute to the paternal age
association.1 2. 60,64

Our finding that offspring of very young fathers have a higher risk of MDD, SUD, and
anxiety was similar to a previous Danish nationwide cohort study,10 reflecting a bimodal
influence of paternal age on the offspring’s psychiatric risk. Animal studies also suggested
that mice born from young postpubescent fathers have a poor behavioral performance than
those born from mature fathers.5% The immaturity of spermatids, impulsive characteristics,
and disadvantageous home environments in the very young fathers may explain such
association. However, in contrast to the higher risk of MR19, ADHD,39: 66. 67 and tic
disorder3? in the offspring of young parents, this study, consistent with another previous
study, 12 did not observe such a pattern.

The increased risk of several psychiatric disorders in the offspring of very young mothers (<
20 years) was noteworthy, i.e., modest risk of BPD, MDD, and anxiety, and marked risk of
SUD, MR, and suicide; these findings are in line with a previous Danish nationwide cohort
study.10 In contrast, very young fathers had no association with BPD, MR, and suicide in
the offspring, and had a slightly increased risk of MDD, SUD, and anxiety in the offspring,
as compared with very young mothers. Young mothers have also been associated with an
increased risk for childhood behavior and emotional disorders in the offspring.6® However,
this study shows no increased risk of autism in the offspring of young mothers, inconsistent
with previous studies.10: 37:39 A possible explanation of the increased psychiatric risk in the
offspring of very young mothers may be the shared genetic background and environmental
factors. Early motherhood, particularly teenaged motherhood, may be unplanned and might
interfere with education and employment,®8-70 and perhaps the associations with adverse
economic, home environments and parenting behaviors, and subsequent adverse health and
social outcomes in both mothers and their children.

We show that older maternal age (over 25 years) was associated with a higher risk of
psychiatric disorder in the offspring, and this may be explained by increased genetic
alterations, adverse exposures, and perinatal and obstetric complications in delayed
motherhood.”1 Although the offspring of older mothers (over 40 years) had a higher risk
of MR in a Danish cohort (1955-2006),10 the presence of Down syndrome was proposed
to be a possible explanation; the present study with a younger cohort (1980-2018) did not
show any such findings. This may be due to the screening policy for Down syndrome in
pregnant mothers aged > 34 years after 1985 in Taiwan, altogether suggesting that older
mothers were not associated with Down syndrome-unrelated MR in the offspring.

In addition to the aging-related effect, the results of dissimilarly aged parents not only
provide biological mechanisms but also psychosocial implications. A larger parental age
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difference, irrespective of which parent was older, have been shown to be associated with
schizophrenia, autism and ADHD in the offspring,37-39 yet some potential confounders have
not been considered, such as mean parental age,3? parental social economic status, and
psychiatric history.3” After adjusting these factors, this study with the largest sample size

of a single population to date, suggested that only offspring with mothers older than the
father have a higher risk of autism and ADHD, and only offspring with fathers older than the
mother have a higher risk of schizophrenia. Otherwise, we provide novel findings that larger
parental age difference, either father older than the mother or mother older than the father,
was associated with a higher risk of MDD, SUD, MR, anxiety, and suicide in the offspring,
and was associated with a lower risk of OCD in the offspring. These findings indicate

that the parental age difference play an independent role on the offspring’s psychiatric

risk, suggesting that the parents with a larger age difference may represent genetic and
psychosocial characteristics that increase the offspring’s psychiatric risk, e.g., women with
schizophrenia were more likely to marry older man.”2

This study has several limitations. First, we used NHIRD between 1997 and 2018 to
establish the pedigree and identify disorders; only individuals, including the study sample
and their parents/grandparents, who were alive during the study period could be included

in this study. The psychiatric diagnoses would be missed only when they have not

used any psychiatric services during the >20 years catchment period (1997-2018). The
coverage of linkage to parents, paternal-grandparents, and maternal-grandparents was lower
in individuals of older birth cohorts (Supplementary Figure 1) which may be because their
parents/grandparents had a lower probability of being captured by insurance registries during
the 1997-2018 period, or because that the using of Maternal and Child Health database

for identifying parents—child relationship among individuals of the younger birth cohort. To
account for this, birth cohort has been controlled for in regression analyses. If the parental/
grandparental information is missing-at-random, i.e., no differential loss of coverage related
to diagnoses in offspring, the impact of the missing parental/grandparental information is
not on the unbiasedness of the parental association estimates but rather on the statistical
power. The birth cohort-stratified analyses demonstrated similar trends of the parental age
association.

Second, the maternal grandparent cohort had a smaller sample size than the paternal
grandparent cohort (especially in the earlier birth cohort of 1980s and 1990s, Supplementary
Table 1). This discrepancy may be because mothers in the past were predominantly
housewives, and thus the maternal grandparents had a smaller chance of being captured

by insurance registries. The proportion of length of follow-up < 10 years was higher in
maternal grandparent cohort (61%, Supplementary Table 1) than in the paternal grandparent
cohort (46%). Thus, the maternal grandparent cohort identified a smaller proportion of
non-childhood onset diseases, e.g., the proportion of schizophrenia was 0.06% compared

to 0.14% in paternal grandparent cohort (Supplementary Table 4-5). Taken together, these
could result in the inadequate statistical power in the association test in maternal grandparent
cohort, e.g., although the estimates for risk of schizophrenia in the offspring were

similar between paternal-grandfather age and maternal-grandfather age, the significance was
reduced for the association with maternal-grandfather age.
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Third, information on parental and grandparental education is not available, hence residual
confounding is possible. We used the highest insurance amount as a proxy for a family’s
socioeconomic status; generally, the strength of paternal age association was attenuated but
remained significant after this adjustment. Socioeconomic status is a complex risk factor
and its role in the paternal age association (e.g., mediator or confounder) warrants further
investigation. Also, confounding by parental and grandparental genetic propensity for
psychiatric disorders is possible. Although we had no genotype data to derive and directly
adjust for genetic propensity, we did adjust for parental and grandparental psychiatric
history, which partly captures genetic effects.

Fourth, because the onset of psychiatric disorders can have uncertainties in the national
insurance claim, as it established the diagnostic time rather than the onset time and can
have left-censoring if earlier than the study start year 1997, we decided to perform logistic
regression to examine the parental age association. In a future study, if the onset event-time
can be accurately ascertained, survival analyses could provide a better estimate of the risk
trajectories than logistic regression.”3

Paternal age at the birth of offspring is increasing in the developed world,’* potentially
resulting in an increase in the number of psychiatric cases and hence becoming an important
public health issue.”® This comprehensive assessment of psychiatric disorders conferred

by paternal age using a nationwide cohort study with multiple study designs provides

solid evidence for the independent role of paternal age on the offspring’s psychiatric risks,
highlighting the impact on increased disease burden due to delayed paternity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cumulative incidence of 13 psychiatric disorders in offspring of paternal age groups of
25-29 and of =50, and attributable risk of 13 psychiatric disorders in offspring due to
advanced paternal age =50. Abbreviation: ADHD: attention deficit-hyperactivity disorder;
MDD: major depressive disorder; SUD: substance use disorder; OCD: obsessive-compulsive
disorder.
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Figure 2.

Associations between parental age and offspring psychiatric risk in the total cohort and the
sibling-comparison cohort. The odds ratio (error bars are 95% CI) with adjustments for the

age of the other parent, sex, age, birth cohort, paternal and maternal history of psychiatric
disorders, family’s insurance amount tertiles, and residence areas for (a) schizophrenia
(SC2), (b) autism spectrum disorders (ASD), (c) bipolar disorder (BPD), (d) attention
deficit-hyperactivity disorder (ADHD), (e) major depressive disorder (MDD), (f) eating
disorder (ED), (g) substance use disorder (SUD), (h) mental retardation, (i) tic disorder, (j)

obsessive-compulsive disorder (OCD), (k) anxiety disorder, () somatoform, and (m) suicide.
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Figure 3.

Grandparental age group

—A—  Paternal grandfather

Maternal grandfather

—&-  Paternal grandmother

Maternal grandmother

Grandparental age group

Associations between paternal- and maternal- grandfather and grandmother age and
offspring psychiatric risk in the multi-generational analyses. The odds ratio (error bars

are 95% CI) with adjustments for the age of the other grandparent, grandparents’ history
of psychiatric disorders, sex, age, birth cohort, paternal age, maternal age, paternal and
maternal history of psychiatric disorders, family’s insurance amount tertiles, and residence
areas for (a) schizophrenia (SCZ), (b) autism spectrum disorders (ASD), (c) bipolar
disorder (BPD), (d) attention deficit-hyperactivity disorder (ADHD), (e) major depressive
disorder (MDD), (f) eating disorder (ED), (g) substance use disorder (SUD), (h) mental
retardation, (i) tic disorder, (j) obsessive-compulsive disorder (OCD), (K) anxiety disorder,

(I) somatoform, and (m) suicide.
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The joint association of paternal age and maternal age with offspring psychiatric risk.

The odds ratio (error bars are 95% CI) with adjustments for the sex, age, birth cohort,
paternal and maternal history of psychiatric disorders, family’s insurance amount tertiles,
and residence areas for (a) schizophrenia (SCZ), (b) autism spectrum disorders (ASD),

(c) bipolar disorder (BPD), (d) attention deficit-hyperactivity disorder (ADHD), (e) major
depressive disorder (MDD), (f) eating disorder (ED), (g) substance use disorder (SUD), (h)
mental retardation, (i) tic disorder, (j) obsessive-compulsive disorder (OCD), (k) anxiety
disorder, (I) somatoform, and (m) suicide.
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