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Abstract

Purpose To study the association between paternal age and schizophrenia in offspring.

Methods This report describes a nationwide population-based cohort study from 1997 to 2013. Data from Taiwan’s
National Health Insurance Research Database were utilized to answer the research question. A total of 17,649
offspring with schizophrenia were selected from 11 million offspring in the general population. Additionally, we
established the offspring without schizophrenia as the comparison group by matching the study cohort by age, gender
in a 1:4 ratio (n=70,596).

Results The median age at first presentation with schizophrenia was 20 years (interquartile range (IQR), 17 to 24).
Comparison of the schizophrenia and non-schizophrenia groups indicated that father’s age at birth (30.0 (IQR), 27 to
33 vs. 29.0 (IQR), 26 to 32 years), mother’s age at birth (26.0 (IQR), 24 to 29 vs. 26.0 (IQR), 23 to 29 years),
paternal schizophrenia (2.6% vs. 0.6%), and maternal schizophrenia (4.4% vs. 0.7%) were all significantly greater in
the schizophrenia group. In addition, each 5-year increase in father’s age increased the odds of being diagnosed with
schizophrenia (model 1: aOR=1.22; 95% CI 1.20, 1.24; model 2: aOR=1.20; 95% CI 1.18, 1.23). Subgroup
analysis showed that each 5-year increase in father’s age increased the odds of being diagnosed with schizophrenia
in male and female offspring, as well as in offspring of mothers and fathers with or without schizophrenia (aOR =
1.20 to 2.20, all p values <0.01).

Conclusion This study indicated that advanced paternal age increased the risk of schizophrenia in offspring. Offspring born to
fathers older by 5-year increments were at heightened risk of schizophrenia.
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Abbreviations

CGMH Chang Gung Memorial Hospital

GWAS  Genome-wide association study

NHI National Health Insurance

NHIRD National Health Insurance Research Database
Introduction

Recent studies have reported that increased paternal age is
associated with adverse obstetric outcomes, birth defects, au-
tism spectrum disorder, and schizophrenia in children [1-3],
each of which has substantial impact on public health world-
wide [4]. Schizophrenia is a severe neuropsychiatric syn-
drome that has a prevalence of 0.30-0.66% and an incidence
of 10.2-22.0 per 100,000 people per year [5].

A meta-analysis of 12 studies reported that advanced pater-
nal age was a potential risk factor for schizophrenia [6].
Moreover, other research has reported that the age of the father
and grandfather was linked to an elevated risk of schizophrenia
in offspring, thereby demonstrating an impact of fathers over 2
generations [7]. Another meta-analysis, which included 19
original studies and 3 systemic reviews, showed there was mod-
erate certainty of evidence regarding the association of high
paternal age with schizophrenia in offspring [1]. However,
these studies reported different risk estimates because they used
different paternal age categories [4]. In addition, most of these
epidemiological studies did not adjust for confounding by fac-
tors associated with schizophrenia risk in offspring [8].

A 2019 study in Taiwan found that the association between
paternal age and early-onset schizophrenia in offspring was
not confounded by parental polygenic risk score for schizo-
phrenia [8], which is a factor that partially captures parental
genetic vulnerability to schizophrenia. These findings indicate
that paternal age may independently increase the risk of early
onset of schizophrenia in offspring [9]. However, the study
had a number of limitations. First, compared with case-control
genome-wide association study (GWAS) of other diseases,
the sample size of this GWAS was relatively small. Second,
despite efforts to recruit patients with schizophrenia through-
out the country to ensure that the ascertained samples were
generalizable to the patient population with schizophrenia in
Taiwan, some ascertainment bias may have been present [9].
For instance, patients with early-onset schizophrenia have lon-
ger duration of illness and greater chances for referral than
those with late-onset schizophrenia.

In this study, we used the Taiwan National Health
Insurance Research Database (NHIRD) to determine the asso-
ciation between paternal age and schizophrenia in a single
large population—based sample. Our study is the largest
schizophrenia dataset from a nationalized health care system,
which adds value to the literature. We focused on the influ-
ence of parental schizophrenia and compared the effect of
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maternal and paternal age with the risk of schizophrenia in
offspring.

Materials and methods
Data source

Taiwan has had a single-payer compulsory National Health
Insurance (NHI) program since 1995. By the end of 2009,
approximately 99% of all 23,500,000 residents were enrolled
in the NHI program. All claims data are collected in the
NHIRD, which is maintained by the Department of Health
and the National Health Research Institutes (NHRI). This da-
tabase consists of deidentified personal data that has been
available for research purposes since 2000 and is among the
largest administrative health care databases worldwide. The
NHIRD provides comprehensive patient data and important
information, such as beneficiaries, catastrophic illness and
medical service registries, demographic data, dates and num-
ber of clinical visits, dates of admission and discharge, pre-
scribed drugs and dosages, prescription orders and durations,
operations, examinations, diagnostic codes (according to the
International Classification of Disease, Revision 9, Clinical
Modification (ICD-9-CM)), procedure codes, and physician
specialties [10]. The NHRI reported that there are no signifi-
cant differences in age or sex between a randomly sampled
group and all beneficiaries of the NHI program. The encryp-
tion procedures used to ensure patient privacy were consistent
with those used for other datasets such that all claims data
could be linked to obtain the medical data required for this
study.

Study subjects and design

Study subjects comprised 11,710,162 insured offspring be-
tween 1997 and 2013, where 70,178 had received a diagnosis
of schizophrenia (ICD-9-CM code), and 11,639,984 did not
have a diagnosis of schizophrenia. We used the underwriting
data file [title code] field to determine whether it is an “off-
spring linked to parents” relationship. After exclusion of those
born to parents younger than 18 years, one offspring with two
or more same-sex parents or those with only one parent linked
in registration files for beneficiaries, there were 18,160 indi-
viduals with schizophrenia and 3,984,009 without schizophre-
nia. The schizophrenia and non-schizophrenia groups were
randomly 1:4 frequency-matched according to offspring age
(birth year) and sex (Fig. 1).

Validity of ICD codes

The diagnosis of schizophrenia was made by Taiwan psychi-
atrists based on the DSM-IV criteria [11]. A previous study
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Fig. 1 Flowchart of the patient
enrollment for the schizophrenia
group and the matched non-
schizophrenia group

Total 29,546,262 individuals, including 246,483
schizophrenia patients, were in Taiwanses NHIRD from
1997-2013.

l

11,710,162 offsprings can be identified
from the registration files for
beneficiaries.

/

\

70,178 offsprings with schizophrenia

11,639,984 offsprings without
schizophrenia

Total 52,018 offsprings were excluded due to:

1. parents' age less than 18 years (n = 938)

2. one offspring with two or more same-sex parents
(n=535)

3. only one parent linked in registration files for
beneficiaries (n = 51,200).

Total 7,655,975 offsprings were excluded due to:

1. parent age less than 18 years (n = 106,271)

2. one offspring with two or more same-sex parents
(n=120,261) N

3. only one parent linked in registration files for
beneficiaries (n = 7,494,233)

v

v

enrolled as cases.

18,160 offsprings with schizophrenia
and two different-sex parents were

3,984,009 offsprings without
schizophrenia and two different-sex
parents were enrolled as controls.

\

/

The study included 17,649 schizophrenia offsprings
and 70,596 matched controls by birth year, sex

suggested that the accuracy rates of disease-specific claims
data may increase up to 96% if the claims data are modified
by valid methods [12]. Another study assessed the accuracy of
NHI claims data and its associated factors [13]. Further atten-
tion to the association of inaccurate claims in cases with infre-
quent outpatient visits, young age, and those attending non-
accredited hospitals are needed to address the efficiency of
diagnosis in Taiwan. That study indicated that compared with
patients with < 1 outpatient visit, the odds ratio of accurate
diagnosis of diabetes based on the ICD codes for patients with
>2 outpatient visits was 2.12 (95% CI=1.24-3.65).
Compared with those who had not been hospitalized, the odds
ratio of an accurate diagnosis for patients with > 1 hospitali-
zation was 4.14 (95% CI=2.38-7.19). Thus, we ensured that

“cases” of schizophrenia, who were defined as having the
diagnostic code for “schizophrenia” for two ambulatory visits
in 1 year or had the diagnostic code for “schizophrenia” for
one inpatient claim code, were identified and collected for
analysis.

Ethics statement

The study was approved by the Institutional Review Board
(IRB) of Chang Gung Memorial Hospital (CGMH
201801162B0). Exclusion conditions were based on IRB
and research purposes on the genetic inheritance of the parent
and offspring.
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Level of urbanization

For study of urbanization, all 365 townships in Taiwan were
stratified into 4 levels according to the standards established
by the Taiwanese NHRI based on a cluster analysis of Taiwan
census data from 2000. In this classification, “1” referred to
the most urbanized area and “4” referred to the least urbanized
area. This classification was based on population density (per-
sons/km?), number of physicians per 100,000 people, percent-
age of people with a college education, percentage of people
over 65 years old, and percentage of agricultural workers.

Statistical analysis

The distributions of demographic factors were compared be-
tween the two groups. Pearson’s chi-square test was used to
compare categorical variables and the Mann-Whitney-
Wilcoxon test was used to compare continuous variables.
The parental age of offspring at birth was mainly classified
into seven age categories, which ranged from 18 to 50 years or
older in 5-year intervals with 21 to 25 years as the reference
group. Conditional logistic regression was used to investigate
the risk factors for schizophrenia, including parents’ age, par-
ents’ schizophrenia status, family urbanization, and income.
Sensitivity analyses for conditional logistic regression were
performed to assess the heterogeneous effects of schizophre-
nia and non-schizophrenia. SAS 9.0 for Windows (SAS
Institute, Cary, North Carolina, USA) was used for data man-
agement and analysis. A p value below 0.05 was considered to
be significant.

Results

Baseline characteristics of individuals with and
without schizophrenia (Table 1)

Ultimately, we analyzed 17,649 individuals with schizophre-
nia and 70,596 matched individuals without schizophrenia
from 1997 to 2013. Because of matching, each group was
43.1% female and had a median age of 20 years (interquartile
range (IQR), 17 to 24). However, median maternal age (26.0
(IQR), 24 to 29 vs. 26.0 (IQR), 23 to 29) and median paternal
age (30.0 (IQR), 27 to 33 vs. 29.0 (IQR), 26 to 32) at birth
were significantly higher in the schizophrenia group than in
the non-schizophrenia group (both p values <0.001). More
individuals with schizophrenia had a mother with schizophre-
nia (4.4% vs. 0.7%, p values <0.001), a father with schizo-
phrenia (2.6% vs. 0.6%, p values < 0.001) or both parents with
schizophrenia (0.3% vs. 0.0%). The number and percentage of
schizophrenia and controls in each parental age category are
also presented in Table 1.

@ Springer

Conditional logistic regression analysis of parental
factors associated with schizophrenia

Conditional logistic regression analysis (Table 2) with adjust-
ment for confounding by mother’s age at 5-year increments,
father’s age at 5-year increments, maternal schizophrenia, and
paternal schizophrenia indicated that the odds of being diag-
nosed with schizophrenia increased with the father’s age in 5-
year increments (model 1: aOR =1.22; 95% CI 1.20, 1.24;
model 2: aOR =1.20; 95% CI 1.18, 1.23), but the mother’s
age in 5-year increments had no such effect (model 1: aOR =

0.99; 95% C1 0.97, 1.02; model 2: aOR =0.98; 95% CI 0.96,
1.01). Maternal schizophrenia (model 1: aOR =5.93; 95% CI
5.27, 6.67; model 2: aOR =6.55; 95% CI 5.79, 7.42) and
paternal schizophrenia (model 1: aOR =4.13; 95% CI 3.60,
4.74; model 2: aOR =4.60; 95% CI 3.97, 5.33) also signifi-
cantly increased the odds of being diagnosed with schizophre-
nia in the offspring (both p values < 0.001). When the odds of
schizophrenia were estimated in the extended parental age
groups (paternal age, 41-45 years, 46—50 years, and >

50 years; maternal age, 4145 years and 46-50 years), we
found paternal age greater than 40 years (model 1: aOR =

2.09 to 2.96; model 2: aOR =2.01 to 2.57; all p values <

0.001) was associated with increased odds of being diagnosed
with schizophrenia. Compared with the offspring of mothers
ages 21 to 25 years, the offspring of mothers with age less than
20 years had increased odds of being diagnosed with schizo-
phrenia (model 1: aOR =1.13; 95% CI 1.05, 1.22; model 2:
aOR =1.13;95% CI 1.05, 1.23).

We stratified individuals by sex, maternal schizophrenia,
paternal schizophrenia, and both parents with or without
schizophrenia to verify the impact of paternal age on schizo-
phrenia in 5-year increments (Table 3). The results show that
father’s age in 5-year increments significantly increased the
odds of being diagnosed with schizophrenia in all groups
(model 1: aOR =1.22 to 2.18; model 2: aOR =1.20 to 2.20;
all p values < 0.05). However, there is no significant increase
in odds of being diagnosed with schizophrenia associated with
mother’s age in 5-year increments in all groups.

Discussion
Principal findings of the study

The key result of the present study, which examined 17,649
schizophrenia patients and 70,596 matched controls from the
population of Taiwan, is that children of older fathers have
increased odds of being diagnosed with schizophrenia. Our
finding of a significant association of schizophrenia in off-
spring with advanced paternal age but not advanced maternal
age is consistent with many previous studies and meta-
analyses [2, 6, 14-20]. However, some previous studies have
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Table 1 Baseline characteristics of individuals with and without schizophrenia
Characteristic Total Schizophrenia Non-schizophrenia p value*
88,245 17,649 70,596
Age (first schizophrenia record in NHIRD) NS
Median (IQR) 20.0 17-24 20.0 17-24 20.0 17-24
Gender
Female, N (%) 38,035 43.1% 7607 43.1% 30,428 43.1% NS
Age (1st schizophrenia record in NHIRD)
Median (IQR) 20.0 17-24 20.0 17-24 20.0 17-24
Male, N (%) 50,210 56.9% 10,042 56.9% 40,168 56.9%
Age (1st schizophrenia record in NHIRD)
Median (IQR) 21.0 18-24 21.0 18-24 21.0 18-24
Mother’s age at birth <0.001
Median (IQR) 26.0 23-29 26.0 24-29 26.0 23-29
Age group, years
<20 5510 6.2% 1083 6.1% 4427 6.3%
21-25 34,375 39.0% 6289 35.6% 28,086 39.8%
26-30 35,259 40.0% 7136 40.4% 28,123 39.8%
31-35 10,804 12.2% 2486 14.1% 8318 11.8%
36-40 1952 22% 551 3.1% 1401 2.0%
41-45 258 0.3% 79 0.4% 179 0.3%
46-50 30 0.0% 10 0.1% 20 0.0%
>50 57 0.1% 15 0.1% 42 0.1%
Father’s age at birth <0.001
Median (IQR) 29.0 27-32 30.0 27-33 29.0 26-32
Age group, years
<20 984 1.1% 171 1.0% 813 1.2%
21-25 13,063 14.8% 2152 12.2% 10,911 15.5%
26-30 40,714 46.1% 7461 42.3% 33,253 47.1%
31-35 23214 26.3% 5005 28.4% 18,209 25.8%
36-40 6599 7.5% 1627 9.2% 4972 7.0%
41-45 1971 2.2% 597 3.4% 1374 1.9%
46-50 873 1.0% 307 1.7% 566 0.8%
>50 827 0.9% 329 1.9% 498 0.7%
Mother with schizophrenia, N (%) <0.001
Yes 1275 1.4% 782 4.4% 493 0.7%
No 86,970 98.6% 16,867 95.6% 70,103 99.3%
Father with schizophrenia, N (%) <0.001
Yes 884 1.0% 457 2.6% 427 0.6%
No 87,361 99.0% 17,192 97.4% 70,169 99.4%
Both parents with schizophrenia, N (%) 59 0.1% 45 0.3% 14 0.0%
Family urbanization, N (%)
Very high 7071 8.0% 2837 16.1% 4234 6.0%
High 10,962 12.4% 4197 23.8% 6765 9.6%
Moderate 3119 3.5% 1221 6.9% 1898 2.7%
Low/unknown 67,093 76.0% 9394 53.2% 57,699 81.7%
Family income (TWD per month), N (%)
0/unknown 71,071 80.5% 12,146 68.8% 58,925 83.5%
1-15,840 3344 3.8% 1203 6.8% 2141 3.0%
15,841-25,000 8509 9.6% 2690 15.2% 5819 8.2%
225,001 5321 6.0% 1610 9.1% 3711 53%

*Pearson’s chi-square test for categorical variables (except for family urbanization and income) and Mann-Whitney-Wilcoxon test for continuous

variables

IQR, interquartile range; TWD, Taiwan dollar; N, number; NS, not significant

reported that advanced maternal age also increased the risk of
schizophrenia in offspring [21, 22].

There is some uncertainty regarding whether a gradual in-
crease in father’s age increases the risk of schizophrenia or
whether the increased risk only applies to the oldest group of
fathers. Knowledge regarding this risk is important in

counseling of potential parents and in determining public
health policy [23]. Our analyses of different paternal age cat-
egories showed that the odds of being diagnosed with schizo-
phrenia in offspring increased as paternal age gradually in-
creased. The risk is even more significant if the father is older
than 40. Our stratified analysis, which considered parental
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schizophrenia and father’s age in 5-year increments, also in-
dicated an increased risk of schizophrenia in the offspring of
older fathers but no such effect for mother’s age. McGrath
et al. [2] found a U-shaped relationship between paternal age
and risk of schizophrenia, whereas the offspring of older fa-
thers were at increased risk of schizophrenia, and to a lesser
extent, young fathers were at increased risk for schizophrenia.
The authors also reported the offspring of more adolescent
mothers are at risk of different mental health disorders. We
also found the offspring of mothers with age less than 20 years
had increased odds of being diagnosed with schizophrenia
(Table 2).

Results of the study in the context of other
observations

The biological basis underlying the relationship between pa-
ternal age and risk of schizophrenia in offspring has not been
elucidated. Nonetheless, previous researchers have proposed
several hypotheses for this association. For example, older
fathers would be more affected by de novo mutations that
disrupt DNA repair, lower testosterone levels, altered mitotic

divisions leading to new mutations in sperm, epigenetic alter-
ations [23-25], and other environmental factors. There could
also be selection into late fatherhood, in which fathers with a
genetic tendency for schizophrenia are more likely to be older
when having children.

Our main analyses adjusted for key variables (age of the
other parent and parental schizophrenia), and we also included
socioeconomic factors and urbanization. The etiology of
schizophrenia is poorly understood, but accumulating evi-
dence has revealed a wide range of brain abnormalities.
These factors may reflect both genetic and environmental ef-
fects as well as the clinical heterogeneity of schizophrenia
[26]. Among the environmental risk factors for schizophrenia,
evidence supports urbanicity [27, 28]. Income inequality is
associated with numerous adverse health outcomes. There is
also evidence that ecological level socioenvironmental factors
may increase the risk of schizophrenia [29].

Because there are many divisions in spermatogonial stem
cells during a man’s lifetime, late fatherhood could yield more
mutations [30], which can lead to aberrant biological sequelae
[31]. Moreover, recent whole-genome sequencing studies
have reported a linear relationship between paternal age and

Table 2 Conditional logistic regression analysis of the association of offspring schizophrenia with potential risk factors

Variables Univariable analysis Multivariable analysis
OR  95% CI p value aOR*  95% CI p value aOR**  95% CI p value

Mother’s age at birth (5 year increments) 1.16 1.13  1.18 <0.001 0.99 097 1.02 0.529 0.98 096 1.01 0.179
Father’s age at birth (5 year increments)  1.23  1.21 125 <0.001 1.22 1.20 124 <0.001 1.20 1.18 123 <0.001
Maternal schizophrenia 6.65 592 746 <0.001 5.93 527 6.67 <0.001 6.55 579 742 <0.001
Paternal schizophrenia 435 381 497 <0.001 4.13 3.60 474 <0.001  4.60 397 533 <0.001
Mother’s age at birth group, years

<20 1.09 1.02 1.17 0.018 1.13 1.05 122 0.002 1.13 1.05 123 0.002

21-25 (reference) 1.00 - - - 1.00 - - - 1.00 - - -

26-30 1.14 1.10 1.18 <0.0001 1.03 099 1.07 0.167 1.03 098 1.07 0272

31-35 135 128 142 <0.0001 1.03 097 1.10 0344 1.03 096 1.10 0462

3640 1.78 1.61 197 <0.0001 1.08 096 121 0207 1.08 096 122 0.206

41-45 200 153 261 <0.0001 1.04 079 139 0.767 1.01 0.75 136 0942

46-50 222 1.04 474 0.040 1.86  0.85 4.10 0.123 1.71 0.75 3.89 0203

>50 1.58 0.88 286 0.127 127  0.69 234 0434 1.06 0.55 2.03 0.869
Father’s age at birth group, years

<20 1.07 090 127 0.449 1.01 085 121 0.907 0.95 0.79 1.14 0.558

21-25 (reference) 1.00 - - - 1.00 - - - 1.00 - - -

26-30 1.14 1.08 120 <0.0001 1.15 1.09 122 <0.0001 1.17 1.10 124 <0.0001

31-35 140 133 148 <0.0001 1.41 132 1.50 <0.0001 142 1.33  1.52 <0.0001

36-40 1.68 156 181 <0.0001 1.67 1.53 1.82 <0.0001 1.66 1.52 1.82 <0.0001

41-45 227 204 253 <0.0001 2.09 1.86 236 <0.0001 2.01 1.78 228 <0.0001

46-50 281 242 326 <0.0001 2.53 2.16 296 <0.0001 2.39 2.03 2.82 <0.0001

>50 336 290 390 <0.0001 296 253 347 <0.0001 2.57 2.18 3.03 <0.0001

*Logistic model 1: adjustment for mother’s age, father’s age, maternal schizophrenia, and paternal schizophrenia

**Logistic model 2: adjustment for all model 1 factors and family urbanization and family income

@ Springer



J Assist Reprod Genet (2021) 38:85-93 91
Table 3 Subgroup analysis and adjusted odds ratios of the effect of parental age on offspring schizophrenia (conditional logistic regression)
Stratified variable aOR*  95% CI pvalue aOR**  95% CI p value
Female Mother’s age (5-year increments)  1.00 0.97 1.04 0976  0.99 095 1.03 0.575
Father’s age (5-year increments) 1.22 1.18 1.25 <0.001 120 .17 124 <0.001
Male Mother’s age (5-year increments)  0.96 0.93 0.99 0.010 094 091 098 0.001
Father’s age (5-year increments) 1.26 1.23 129 <0.001 125 122 128 <0.001
Mother with schizophrenia Mother’s age (5-year increments)  1.01 041 2.49 0.980 0.95 0.83 1.09 0.455
Father’s age (5-year increments) 248 0.90 6.88 0.081 1.24 1.14 135 <0.001
Mother without schizophrenia Mother’s age (5-year increments)  1.00 0.97 1.02 0.691 098 096 1.01 0.221
Father’s age (5-year increments) 1.22 1.19 124 <0.001 120 1.18 122 <0.001
Father with schizophrenia Mother’s age (5-year increments)  2.88 0.06 136.73 0.591  0.90 072 1.11 0.313
Father’s age (5-year increments) 1.13 0.01 210.13 0963 132 .11 1.56 0.002
Father without schizophrenia Mother’s age (5-year increments)  0.98 0.95 1.00 0.049 097 094 099 0.006
Father’s age (5-year increments) 1.24 1.22 126 <0.001 123 120 125 <0.001
Both parents without schizophrenia ~ Mother’s age (5-year increments)  0.99 0.97 1.02 0.654 1.00 097 1.02 0.693
Father’s age (5-year increments) 1.22 1.19 124  <0.001 1.20 1.17 122 <0.001
Both parents with schizophrenia Mother’s age (5-year increments)  1.46 0.81 2.61 0207 141 0.78 2.55 0.258
Father’s age (5-year increments) 2.18 1.26 3.76 0.005 220 122 398 0.009

*Logistic model 1: adjustment for mother’s age, father’s age

**Logistic model 2: adjustment for mother’s age, father’s age, family urbanization, family income

the rate of de novo mutations in offspring, with approximately
2 additional de novo mutations per year [32]. In addition, the
father transfers 3 to 4 times more de novo mutations to the
offspring than the mother [32, 33]. Many researchers favor the
de novo mutation hypothesis as the explanation for the effect
of father’s age on schizophrenia in offspring; however, there is
currently more evidence in favor of the selection into late
fatherhood hypothesis. All previous epidemiological studies
that used a matched control group performed matching of
cases and controls based on features of the children. An anal-
ysis using matching based on the environmental characteris-
tics of the father himself may provide additional information
[23].

Offspring of parents with schizophrenia

Our results also showed having a mother or a father or both
parents diagnosed with schizophrenia resulted in more off-
spring being diagnosed with schizophrenia. As seen in
Table 1, there are 59 where both parents have a diagnosis of
schizophrenia, and 45 (76.3%) of these offspring have a
schizophrenia diagnosis. This outcome is consistent with pre-
vious reports. The offspring of parents with severe mental
illness, including schizophrenia, have a one-in-three risk of
developing severe mental illness themselves [34]. The herita-
bility of schizophrenia is up to 80%. If one parent suffers from
the condition, the probability that it will be passed down to the
offspring is 13%. If this trail is present in both parents, the risk

is greater than 20%. Genetic factors are assumed to play a role
in the development of schizophrenia [35].

A significant body of longitudinal research has followed
the offspring of parents with schizophrenia. This combination
of results suggests that the offspring of parents with schizo-
phrenia are at high risk not only for schizophrenia but also for
poor developmental and general mental health outcomes [36].
Although family history remains the single most reliable pre-
dictor of illness, molecular genetic tools are becoming increas-
ingly informative [34].

Strengths and limitations

Our study has a number of strengths. First, this study is the
largest study to date to examine the relationship of paternal
age with schizophrenia in offspring. Second, the results sug-
gest that unmeasured genetic and environmental selection fac-
tors shared by siblings, as well as the influence of several
measured covariates, do not account for the association of
schizophrenia with paternal age, which is consistent with a
causal relationship. Third, and perhaps most importantly, the
current study suggests that with father’s age in 5-year incre-
ments there are increased odds of being diagnosed with
schizophrenia in offspring rather than an increased risk, which
is due solely to the effect of very old fathers. Although for
every 5 years in age after the father is age 40, the increased
odds of a diagnosis of schizophrenia in offspring are more
significant. Moreover, the magnitudes of most of the associa-
tions in our study were stronger than in previous studies and
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few previous studies were from Asia. In contrast to the previ-
ous study by Wang et al. [9], our study included all individuals
with schizophrenia in the complete population of Taiwan.
Therefore, there is little risk of selection bias, which may
occur in clinically selected samples.

However, our study has limitations in detailed personal
history, and Taiwan NHIRD does not provide perinatal infor-
mation, such as birth weight and weeks of pregnancy and
lifestyle, e.g., smoking/alcohol abuse, body mass index, and
functional capacity. In contrast, there are many unknown data
when considering family urbanization and income classifica-
tion. In addition, the loss of 52,018 offspring diagnosed with
schizophrenia, which was due to the study exclusion criteria,
could have resulted in some bias.

Conclusions

The results of the present study suggest that advanced paternal
age increases the risk for schizophrenia in offspring. In addi-
tion, the offspring born to fathers older by 5-year increments
were at heightened risk of schizophrenia, indicating this in-
creased risk was not due to the effect of a small number of
very old fathers.
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