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Abstract 
Parenthood age may affect the risk for the development of different psychiatric disorders in 
the offspring, including bipolar disorder (BD). The present systematic review and meta-analysis 
aimed to appraise the relationship between paternal age and risk for BD and to explore the 
eventual relationship between paternal age and age at onset of BD. We searched the MEDLINE, 
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Scopus, Embase, PsycINFO online databases for original studies from inception, up to December 
2021. Random-effects meta-analyses were conducted. 
Sixteen studies participated in the qualitative synthesis, of which k = 14 fetched quantita- 
tive data encompassing a total of 13,424,760 participants and 217,089 individuals with BD. 
Both fathers [adjusted for the age of other parent and socioeconomic status odd ratio –
OR = 1.29(95%C.I. = 1.13–1.48)] and mothers aged ≤ 20 years [(OR = 1.23(95%C.I. = 1.14–1.33)] 
had consistently increased odds of BD diagnosis in their offspring compared to parents aged 25–
29 years. Fathers aged ≥ 45 years [adjusted OR = 1.29 (95%C.I. = 1.15–1.46)] and mothers aged 
35–39 years [OR = 1.10(95%C.I. = 1.01–1.19)] and 40 years or older [OR = 1.2(95% C.I. = 1.02–
1.40)] likewise had inflated odds of BD diagnosis in their offspring compared to parents aged 
25–29 years. 
Early and delayed parenthood are associated with an increased risk of BD in the offspring. 
Mechanisms underlying this association are largely unknown and may involve a complex inter- 
play between psychosocial, genetic and biological factors, and with different impacts accord- 
ing to sex and age range. Evidence on the association between parental age and illness onset is 
still tentative but it points towards a possible specific effect of advanced paternal age on early 
BD-onset. 
© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY 
license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

 basic tenet of psychiatry is that the disease phenotype 
esults from a combination of genetic and environmental 
ffects. Indeed, bipolar disorder (BD) is a severe psychiatric 
ondition with a prevalence in the general population of 2% 

 Carvalho et al., 2020 ) and an estimated family- and twin- 
ased heritability of 60–85% ( McGuffin et al., 2003 ). How- 
ver, genetics only explains a part of the etiology of BD, 
hereby a growing body of evidence has related diverse el- 
ments of the environment that may influence the risk for 
D ( Bortolato et al., 2017 ). The broad range of environmen- 
al risk factors vary on time of exposure and may include 
oth pre- or peri-natal factors, adverse childhood experi- 
nces, infections, as well as urbanization, migration, ma- 
or stressful life events, and the misuse of drugs or alco- 
ol ( Blanco et al., 2017 ; Grant et al., 2005 ; Kessing et al.,
004 ; Pacchiarotti et al., 2013 ; Vieta, 2014 ). Globally, en- 
ironmental factors contribute up to 32% of the risk of BD 

 Polderman et al., 2015 ), proving to be appealing poten- 
ially modifiable targets for preventive strategies. 
Parental age is a well-known factor involving environ- 
ental and genetic contributions that impacts the risk 
f several disorders in the offspring ( Malaspina et al., 
015 ; Reichenberg et al., 2006 ). Both extremes of the 
eproductive age have been associated with worse out- 
omes, either regarding mother’s age, father’s age, or both 
 McGrath et al., 2014 ). A notable example is the higher 
isk of Down’s syndrome in older mothers ( Mai et al., 
013 ), while a younger childbearing age is associated with 
ducational underachievement, juvenile crimes, substance 
isuse, and mental health problems ( D’Onofrio et al., 
014a ; Sujan et al., 2022 ). Advanced paternal age at 
irth has been associated with an increased incidence 
f several neurodevelopmental and psychiatric disorders, 
ncluding schizophrenia and autism spectrum disorders 
 Khachadourian et al., 2021 ; Reichenberg et al., 2006 ). 
echanisms underlying these relationships are not fully un- 
erstood, with findings suggesting a role for de-novo mu- 
ations in the male germline ( Fromer et al., 2014 ; 
56 
alaspina, 2001 a) or even a greater likelihood for preg- 
ancy complications which are more common with delayed 
arenthood ( Chudal et al., 2017 ; Garcia-Rizo and Bitani- 
irwe, 2020 ; Giménez et al., 2019 ; Talati et al., 2013 ). Also,
dvanced paternal age seems to increase the risk for early- 
nset psychoses due to the possible role of accumulating 
ge-related DNA mutations ( Wang et al., 2019 ). 
However, there is still discordant evidence on the as- 

ociation between advanced parental age and risk of BD 

n the offspring, with some large studies proving the posi- 
ive association between advanced paternal age and BD risk 
 D’Onofrio et al., 2014 a; Frans et al., 2008 a; Weiser et al.,
020 ), whilst others have shown no significant association 
 Buizer-Voskamp et al., 2011 ; McGrath et al., 2014 ). 
Considering the increasing trend in average parental age 

Bray et al., 1978), the elucidation of such an association 
ight have societal and public health implications. Also, 
vidence of parental age effects on BD risk may provide in- 
ights into the etiology of this complex, multifactorial dis- 
rder. 
Thus, the first aim of this systematic review and meta- 

nalysis is to determine whether parental age is associated 
ith an increased risk of BD in the offspring. Also, consider- 
ng that early-onset BD displays homogeneous characteris- 
ics and that specific risk factors might operate in this sub- 
roup ( Chengappa et al., 2003 ; Connor et al., 2017 ), a sec-
ndary aim is to assess whether advanced parental age is 
ssociated with an earlier onset of BD. 

. Material and methods 

he present Systematic Review and Meta-analysis was conducted 
ccording to the 2020 version of the Preferred Reporting Items 
or Systematic Reviews and Meta-Analyses (PRISMA) guidelines 
 Page et al., 2021 ) and the Meta-analysis of Observational Stud-
es in Epidemiology (MOOSE) ( Stroup, et al., 2000 ) (Supplemen- 
ary 1 and 2). The protocol of this systematic review and meta-
nalysis was registered on the International Prospective Register 
f Systematic Reviews (PROSPERO) ( https://www.crd.york.ac.uk/ 
ROSPERO/ ; protocol CRD42021293319). 

http://creativecommons.org/licenses/by/4.0/
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.1. Eligibility criteria and study outcomes 

riginal studies were eligible for inclusion if: (i) the study popula- 
ion consisted of people with BD diagnosed according to the Diag- 
ostic and Statistical Manual for Mental Disorders (DSM) any edition 
 APA, 1994 , 2013 ) or the International Classification of Diseases 
ICD) any edition (WHO 2004) diagnostic criteria with validated di- 
gnosis through structured interviews, and the same criteria had 
o be applied also to the non-BD group to exclude the presence of
sychiatric diagnoses; (ii) they examined maternal and/or paternal 
ge as the variable of interest; (iii) they assessed the association 
etween advanced parental age and risk of BD; (iv) they used a 
tandardized format for presentation of data, allowing for compar- 
sons between studies and calculation of crude ORs. No restrictions 
bout language were applied. Whenever multiple studies consid- 
red overlapping study populations, the largest one with the most 
omplete data was included. Reviews, case reports, case series, 
nd studies conducted on animals were excluded. 

.2. Search strategy 

he PubMed/MEDLINE, EMBASE, Scopus, and PsycINFO databases 
ere systematically searched from inception until December 1st, 
021. The following string was adopted for the PubMed/MEDLINE 
earch: ((bipolar disorder[MeSH Terms]) OR (bipolar disor- 
er[Title/Abstract])) OR (bipolar ∗[Title/Abstract])) AND ((parental 
ge[MeSH Terms]) OR (paternal age[Title/Abstract]) OR (maternal 
ge[Title/Abstract])) OR (age of mother[Title/Abstract]) OR (age 
f father[Title/Abstract]) OR (mother’s age[Title/Abstract]) OR (fa- 
her’s age[Title/Abstract]) OR (age of parents[Title/Abstract])). 
earch strings for the other databases are available in the Sup- 
lementary material. The references of each included study, text- 
ooks, and other material were hand searched to identify potential 
dditional studies not captured by the original search-string. 

.3. Study selection and data extraction 

wo independent reviewers (GF and MDP) independently screened 
ach study for eligibility. When a consensus could not be achieved, 
 third author (VO) was consulted. 
The following data were extracted (when applicable): author(s), 

ublication year, study design, geographical region, country, di- 
gnostic criteria considered, (semi)structured interview adopted, 
umber of BD cases, number of non-cases, BD type, age of BD onset,
irth years, estimates of relative risk of BD (odds ratios from case- 
ontrol or incidence rate ratios or hazard ratios from cohort stud- 
es), maternal and paternal age and how it was modeled (e.g., cat- 
gorically). In the case of studies fulfilling inclusion criteria without 
ully available raw data, authors were contacted up to 2 times to 
sk for data. For studies reporting data in figures only, WebPlotDigi- 
izer ( https://automeris.io/WebPlotDigitizer/ ) was used to extract 
ata from figures manually. 

.4. Methodological quality appraisal 

he risk of bias in the included studies was independently assessed 
y two authors (GF and MDP), and any disagreement was resolved 
y a third author (VO). The Newcastle-Ottawa Scale (NOS) ( Stang, 
010 ) was adopted to grade studies’ quality. 
57 
.5. Statistical analyses 

nalyses were performed using RStudio R version 4.1.2 ( RStudio 
eam, 2020 ) and the metafor R-package ( Viechtbauer 2010 ) using
 random-effect model (restricted maximum-likelihood estimator) 
 Harville, 1977 ). Effect sizes were calculated as odds ratios (ORs)
ith their confidence intervals (CIs) when parental age was consid- 
red as a categorical measure, and as standardized mean differ- 
nces (SMDs) with their CI when parental age was considered as a
ontinuous measure. Effect sizes adjusted for the age of the other 
arent and socioeconomic status - measured as paternal occupa- 
ion, ethnicity, education, or income ( Goldberg et al., 2011 ) - were
sed when available. 
Heterogeneity between studies was assessed by χ2 test of fit 

Cochrane Q test) and I 2 statistic. A χ2 statistic having p < 0.05 
nd I 2 statistic > 50% were considered suggestive of heterogeneity 
 Higgins et al., 2003 ). 
Sensitivity analyses were conducted by removing one study at 

ime from the analysis; cumulative analyses were performed to 
valuate the repercussions of the follow-up length and the year 
f enrollment on the effect size. Publication bias was explored by 
isual inspection of funnel plots and using the Egger’s test . If the
atter was significant, the trim-and-fill procedure was adopted to 
stimate the impact of the publication bias on the results. 

. Results 

.1. Study selection 

 flow diagram showing the results of the literature search 
nd selection of studies is presented in Fig. 1 . The literature
earch involving the electronic databases MEDLINE, Psych- 
nfo, Embase, and Scopus identified a total of 714 records. 
f these, 634 articles, including duplicates not fulfilling el- 
gibility criteria, were excluded. Thus, 80 full-text articles 
ere further evaluated for eligibility; of these, 64 were ex- 
luded for: (1) not including patients with BD, (2) not re- 
orting data on parental age, (3) not presenting original 
ata, (4) being congress abstracts. A final number of 16 ar- 
icles were included for their qualitative synthesis, and of 
hese, 14 were included in the quantitative syntheses. 

.2. Study characteristics 

emographic, clinical characteristics and main results of 
he studies included are presented in Table 1 . The in- 
luded 16 studies ( Birmaher et al., 2021 ; Brown et al., 
013 ; Buizer-Voskamp et al., 2011 ; Chudal et al., 
014 ; D’Onofrio et al., 2014 a; Fountoulakis et al., 
019 ; Frans et al., 2008 a; Grigoroiu-Serbanescu et al., 
012 ; Helenius et al., 2013 ; Laursen et al., 2007 ; 
ehrer et al., 2016 ; Liang et al., 2021 ; McGrath et al., 2014 ;
enezes et al., 2010 ; Seidman et al., 2013 ; Weiser et al.,
020 ) comprised a total 13,424,760 participants and 
17,089 individuals with BD. 

.2.1. Design 

f the 14 studies included in the meta-analyses, five re- 
orted only paternal age and the offspring’s risk of BD 

 Buizer-Voskamp et al., 2011 ; D’Onofrio et al., 2014 a; 
aursen et al., 2007 ; Menezes et al., 2010 ; Weiser et al.,
020 ), one only maternal age and the offspring’s risk of BD 

https://automeris.io/WebPlotDigitizer/
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Table 1 Demographic, clinical characteristics, and main results of the included studies. 

Author(s), year Study Design Study 
Location 

Birth 
years 

Years of 
follow-up 

Controls/ 
Cohort 

BD Cases Classification of 
parental age 

Adjusted 
covariates 

Main results Comment 

Laursen et al. 
(2007 ) 

Retrospective 
cohort study 

Denmark 1955- 
1987 

32 2,100,000 4349 Paternal: ≤20, 
21–25, 26–30, 
31–35, 36–40, 
41–45, 46-50, 
51-55, ≥56 

Adjusted for age, 
sex, family history 
of psychiatric 
admission, and 
maternal age. 

Paternal age reference: 21-25 
years (rate 0.11 cases/1000 
p-y). 
Significant higher relative risk 
at ranges: 
- 31-35 (RR 1.21, 95% CI 1.09, 
1.42). 
- 36-40 (RR 1.25, 95% CI 1.09, 
1.42). 
- 51-55 (RR 1.71 95% CI 1.21, 
2.41). 
Tendency to higher relative risk 
with age increase, with no 
statistical significance in 
ranges not reported. 

Included in 
quantitative 
analyses 

Frans et al. 
(2008 a) 

Case-Control Sweden 1932- 
1991 

39 13,428 
(mater- 
nal), 
13,428 
(paternal) 

107,140 
(mater- 
nal), 
67,140 
(paternal) 

Maternal: < 20, 
20-24, 25-29, 
30-34, 35-39, 
40-44, ≥ 45 
Paternal: < 20, 
20-24, 25-29, 
30-34, 35-39, 
40-44, 45-49, 
50-54, ≥ 55 

Adjusted for age 
of other parent 
and family history 
of psychotic 
disorder. 

Maternal age reference: 20-24 
years. 
Significant higher OR at ranges: 
- 30-34 (OR 1.07, 95% CI 1, 
1.15) 
- 35-39 (OR 1.15, 95% CI 1.05, 
1.25) 
Paternal age reference: 20-24 
years. 
- 30-34 (OR 1.13, 95% CI 1.03, 
1.20). 
- 35-39 (OR 1.11, 95% CI 1.01, 
1.21). 
- 40-44 (OR 1.17 95% CI 1.06, 
1.30). 
- 45-49 (OR 1.18, 95% CI 1.04, 
1.35) 
- 50-54 (OR 1.24, 95% CI 1.02, 
1.50). 
- ≥ 55 (OR 1.37, 95% CI 1.03, 
1.83). 

Included in 
quantitative 
analyses. 
Studying the 
relationship 
between 
parental age 
and age of BD 
onset. 

( continued on next page ) 
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Table 1 ( continued ) 

Author(s), year Study Design Study 
Location 

Birth 
years 

Years of 
follow-up 

Controls/ 
Cohort 

BD Cases Classification of 
parental age 

Adjusted 
covariates 

Main results Comment 

Menezes et al. 
(2010 ) 

Retrospective 
cohort study 

Sweden 1973- 
1980 

28 711,496 493 Paternal: < 21, 
21-24, 25-29, 
30-34, 35-39, 
40-44, 45-49, ≥ 50 

Adjusted for 
subject’s sex and 
age, gestational 
age, family history 
of psychosis, 
parents’ highest 
socio-economic 
status in 1990, 
parents’ highest 
educational level 
in 1990 and 
maternal age. 

Paternal age reference: 21-24 
years. 
Significant higher OR at ranges: 
- 35-39 (OR 1.68, 95% CI 1.09, 
2.61) 
- 40-44 (OR 1.85, 95% CI 1.04, 
3.30) 
OR > 1 in all other ranges, with 
no statistical significance. 

Included in 
quantitative 
analyses 

Buizer- 
Voskamp et al. 
(2011) 

Case-Control Netherlands 1999- 
2008 

61 1121 1645 Paternal: < 20, 
20-24, 25-29, 
30-34, 35-39, ≥ 40 

Adjusted for 
average income of 
the neighborhood, 
difference in age 
between the 
father and the 
mother and the 
ethnic 
background. 

Paternal age reference: 25-29 
years. 
No statistical difference in any 
range, with highest OR (1.68, 
95% CI 0.94, 3.01) at < 20. 

Included in 
quantitative 
analyses 

Grigoroiu- 
Serbanescu et 
al. (2012 ) 

Retrospective 
cohort study 

Europe 14 564 
BDI 

Paternal: < 24, 
25-34, > 35 
Maternal: < 24, 
25-34, > 35 

Significant influence of 
increasing paternal age, and 
especially age > 35years, on age 
of onset of BD in the total 
sample (OR = 0.54, 
CI:0.35–0.80), in the female 
subsample (OR = 0.44, CI: 
0.25–0.78). 

Studying the 
relationship 
between 
parental age 
and age of BD 
onset 

Brown et al. 
(2013 ) 

Case-Control USA 1959- 
1966 

16 679 
(paternal), 
746 
(maternal) 

83 
(paternal), 
92 
(maternal) 

Paternal: 15-24, 
25-34, 35-44, ≥ 45 
Maternal: < 20, 
20-29, 30-39, ≥ 40 

Paternal: 
adjusted for 
maternal age. 
Maternal: adjusted 
for paternal age 
and maternal 
race. 

Paternal age reference: 25-34 
years. OR 1.45 at ≥ 45, 
non-statistically significant. No 
statistically significant 
differences with other ranges. 
Maternal age reference: 20-29 
years. OR 1.46 at ≥ 40, 
non-statistically significant. No 
statistically significant 
differences with other ranges. 

Included in the 
quantitative 
analyses 

( continued on next page ) 
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Table 1 ( continued ) 

Author(s), year Study Design Study 
Location 

Birth 
years 

Years of 
follow-up 

Controls/ 
Cohort 

BD Cases Classification of 
parental age 

Adjusted 
covariates 

Main results Comment 

Seidman et al. 
(2013 ) 

Case-Control USA 1996- 
2007 

30 101 35 Mean age cases 
(maternal): 25.2 
years (SD 5.9). 
Mean age controls 
(maternal): 26.4 
years (SD 6). 

Cases with psychoses 
(schizophrenia or BD disorder) 
and controls were similar on 
age at testing, maternal age at 
birth of subject, socioeconomic 
status, and offspring sex. 

Included in 
quantitative 
analyses 
(means) 

Helenius et al. 
(2013 ) 

Case-Control Denmark 1950- 
1997 

59 3553 1204 Maternal: 15-35, 
35-52. Paternal: 
15-35, 35-64. 

Adjusted for 
family history of 
BD. 

Maternal age reference: 15-35 
years. 
Paternal age reference: 15-35 
years. 
Higher OR were observed in the 
second range of both maternal 
and paternal groups, which 
were not statistically 
significant. 
Significantly higher family load 
in the case-probands with pure 
BD than in the case-probands 
with BD comorbidities 
( p < 0.001). 

D’Onofrio et al. 
(2014 a) 

Retrospective 
cohort study 

Sweden 1973- 
1997 

28 2,615,081 6819 Paternal: < 20, 
20-24, 25-29, 
30-34, 35-39, 
40-44, ≥ 45 

Adjusted for 
maternal age at 
birth, 
socioeconomic 
status and year of 
birth. 

Paternal age reference: 20-24 
years. 
Significant higher OR at ranges: 
- 25-29 (OR 1.34, 95% CI 1.21, 
1.43) 
- 30-34 (OR 1.71, 95% CI 1.29, 
1.95) 
- 35-39 (OR 2.86, 95% CI 2.41, 
3.24) 
- 40-44 (OR 3.98, 95% CI 3.36, 
4.52) 
- ≥ 45 (OR 6.57, 95% CI 4.81, 
8.24) 
Significant lower OR at < 20 
group (OR 0.83, 95% CI 0.7, 
0.981). 

Included in 
quantitative 
analyses 

( continued on next page ) 
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Table 1 ( continued ) 

Author(s), year Study Design Study 
Location 

Birth 
years 

Years of 
follow-up 

Controls/ 
Cohort 

BD Cases Classification of 
parental age 

Adjusted 
covariates 

Main results Comment 

McGrath et al. 
(2014 ) 

Prospective 
cohort study 

Europe 1955- 
2011 

51 2,894,688 14,618 Maternal: < 20, 
20-24, 25-29, 
30-34, 35-39, 
40-44 
Paternal: < 20, 
20-24, 25-29, 
30-34, 35-39, 
40-44, ≥ 45 

Adjusted for age 
of the other 
parent 

No significant association 
between parental age and BD 

Included in 
quantitative 
analyses 

Chudal et al. 
(2014 ) 

Case-Control Finland 1983- 
1998 

25 3643 (ma- 
ternal), 
3601 
(paternal) 

1861 (ma- 
ternal), 
1821 
(paternal) 

Maternal: < 20, 
20-24, 25-29, 
30-34, 35-39, ≥ 40 
Paternal: < 20, 
20-24, 25-29, 
30-34, 35-39, 
40-44, 45-49, ≥ 50 

Adjusted for other 
parent’s age, 
parental 
psychiatric history, 
parental 
educational level, 
and place of birth. 

Maternal age reference: 30-34 
years. No statistically 
significant differences with any 
ranges. 
Paternal age reference: 30-34 
years. 
Significant higher OR at ranges: 
- 20-24 (OR 1.35, 95% CI 1.06, 
1.72) 
- ≥ 50 (OR 2.84, 95% CI 1.32, 
6.12) 

Included in 
quantitative 
analyses 

( continued on next page ) 
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Table 1 ( continued ) 

Author(s), year Study Design Study 
Location 

Birth 
years 

Years of 
follow-up 

Controls/ 
Cohort 

BD Cases Classification of 
parental age 

Adjusted 
covariates 

Main results Comment 

Lehrer et al. (2016) 
Case-Control USA 20 7658 1375 Paternal: 

- BD with 
psychosis: < 20, 
20-24, 25-29, 
30-34, 35-39, 
40-44, ≥ 45. 
- BD without 
psychosis: < 20, 
20-24, 25-29, 
30-34, 35-39, 
40-44, ≥ 45. 
BD with psychosis: 
Mean age (SD) 
cases/ controls 
[paternal: 31 (SD 
8.2)/ 30.3 (SD 
7.5)]; [maternal: 
28.1(SD 6.6)/ 27.5 
(SD 6.4)]. 
BD without 
psychosis: 
Mean age (SD) 
cases/ controls 
[paternal: 30.5 (SD 
7.4)/ 30.3 (SD 
7.5)]; [maternal: 
26 (SD 6.6)/ 27.5 
(SD 6.4)] 

Adjusted for 
difference 
between paternal 
and maternal 
ages, sex, race 
and age. 

Paternal age reference: 20-24 
years. 
Among BD with psychosis 
group, significant higher OR at 
≥ 45 subgroup (OR 1.939, 95% 
CI 1.411, 2.643). 
Among BD without psychosis 
group, significant lower OR at 
< 20 subgroup (OR 0.440, 95% 
CI 0.22, 0.798). 
No statistically significant 
differences observed in other 
age ranges. 

Included in 
quantitative 
analyses 

( continued on next page ) 
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Table 1 ( continued ) 

Author(s), year Study Design Study 
Location 

Birth 
years 

Years of 
follow-up 

Controls/ 
Cohort 

BD Cases Classification of 
parental age 

Adjusted 
covariates 

Main results Comment 

Fountoulakis 
et al. (2019 ) 

Retrospective 
cohort study 

Greece 204 42 For BD depression: 
- Paternal: > 25, 
> 30, > 40. 
- Maternal: > 20, 
> 22, > 26, > 35. 
For BD mania: 
- Paternal: 25-30, 
30-40, > 40. 
- Maternal: 20-22, 
22-26, 26-35, > 35. 

Paternal age reference: none. 
For BD depression: 
- Paternal: higher OR observed 
at > 25 (OR 3.71, 95% CI 1.13, 
13.02), > 40 (6.06, 95% CI 1.84, 
19.89). 
No other statistically 
significant differences 
observed. 
For BD mania: 
- Paternal: higher OR observed 
at 25-30 (OR 12.38, 95% CI 
1.63, 94.09), 30-40 (OR 5.62, 
95% CI 1.97, 15.96), and > 40 
(OR 4.56, 95% CI 1.29, 16.11). 
- Maternal: higher OR observed 
at 22-26 (OR 12.64, 95% CI 
1.66, 96.05), and 26-35 (OR 
16.68, 95% CI 3.78, 73.66). 

Included in 
quantitative 
analyses 
(means) 

Weiser 
et al. (2020) 

Prospective 
cohort study 

Israel 1960- 
1991 

31 916,439 883 Paternal: 16-24, 
25-29, 30-34, 
35-39, 40-44, 
45-60 

Adjusted for 
maternal age at 
birth, 
socioeconomic 
status and year of 
birth. 

Paternal age reference: 25-29 
years. 
Significant higher OR at ranges: 
- 35-39 (OR 1.24, 95% CI 1.00, 
1.53) 
- 45-60 (OR 1.68, 95% CI 1.17, 
2.39) 
OR < 1 only at 16-24 (OR 0.91), 
with no statistically significant 
differences. 

Included in 
quantitative 
analyses 

( continued on next page ) 
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Table 1 ( continued ) 

Author(s), year Study Design Study 
Location 

Birth 
years 

Years of 
follow-up 

Controls/ 
Cohort 

BD Cases Classification of 
parental age 

Adjusted 
covariates 

Main results Comment 

Liang et al. 
(2021 ) 

Prospective 
cohort study 

Taiwan 1991- 
2004 

21 4,138,151 3287 (ma- 
ternal), 
3622 
(paternal) 

Maternal: < 20, 
20-24, 25-29, 
30-34, 35-39, ≥ 40 
Paternal: < 20, 
20-24, 25-29, 
30-34, 35-39, 
40-44, 45-49, ≥ 50 

Adjusted for 
demographic data 
(parental age at 
childbirth, sex of 
children, income, 
and residence). 

Maternal age reference: 25-29 
years. 
Significant higher OR at < 20 
group (OR 1.23, 95% CI 1.04, 
1.45). 
No statistically significant 
differences with other ranges. 
Paternal age reference: 25-29 
years. 
Significant higher OR at ≥ 50 
group (OR 1.87, 95% CI 1.33, 
2.64). 

Included in 
quantitative 
analyses 

Birmaher et al. 
(2021 ) 

Case-Control USA 9.6 99 17 Mean age 
cases/controls 
(maternal): 26.4 
years (SD 
5.2)/29.4 years 
(SD 5.5). 
Mean age 
cases/controls 
(paternal): 27.5 
(SD 7.1)/31.8 
years (SD 6.5). 

Adjusted for 
within family 
correlations, 
ethnicity, living 
with both 
biological parents, 
pharmacological 
treatment. 

Significant differences found 
between parental (both 
maternal and paternal) age and 
BD in offspring ( p < 0.05), with 
lower mean parental age in BD 
groups. 

Included in 
quantitative 
analyses 
(means) 

Abbreviations : BD: bipolar disorder; RR: relative risk; CI: confidence interval; OR: odds ratio; SD: standard deviation. 
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Fig. 1 PRISMA flowchart of systematic review search process. 
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 Seidman et al., 2013 ), and eight both paternal and mater- 
al age and the offspring’s risk of BD ( Birmaher et al., 2021 ;
rown et al., 2013 ; Chudal et al., 2014 ; Fountoulakis et al., 
019 ; Frans et al., 2008 a; Lehrer et al., 2016 ; Liang et al.,
021 ; McGrath et al., 2014 ). Parental age was reported as 
eans or ranges. 

.2.2. Outcomes 
ost of the studies included in the meta-analyses reported 
ffect size as adjusted OR. The minority of included stud- 
65 
es reported adjusted relative risk (RR), incidence rate ra- 
io (IRR), or hazard ratio (HR). As the proportion of out- 
ome was reported as rare (i.e., < 0.07%) in those stud- 
es, OR approximated well to other effect sizes, thus we 
ssumed these measures as equal to OR ( Schmidt and 
ohlmann, 2008 ; Zhang and Yu, 1998 ). 
Paternal age was categorized into the following age 

roups: < 20, 20–24, 25–29, 30–34, 35–39, 40–44, and � 45 
ears. Maternal age was categorized into the following age 
roups: < 20, 20–24, 25–29, 30–34, 35–39, � 40. The high- 



G. Fico, V. Oliva, M. De Prisco et al. 

e
o
i
t
s
(  

M
t
�
(
m
t
c
a
q

3

A
a
e
p
a
a
c
a

3
P
i
M
a
c
y
B
o
C
2
s
1
o
f
I
(
M
(  

a
c
r
f
m
I
(
3
o
I
(

3
P
(  

2
L  

W
i
t
d
b
w
e
0
2  

s
I
(
3  

s
2
o
M
(  

2
F
s
m
t
1
y
o
I
1
a
o  

p

3
P
(
F
w
t
=
M
i
L  

c
t
(

3
I
g
r
n
t
i
s
i
c
s
i
o

st category of parental age was chosen by considering the 
ne appraised by most of the included studies. For stud- 
es that had other over-age categories (i.e., 45–49, > 50), 
he highest category of parental age was chosen by con- 
idering the one appraised by most of the included studies 
 Chudal et al., 2014 ; Frans et al., 2008 a; Liang et al., 2021 ;
enezes et al., 2010 ). The calculated pooled OR between 
hese categories was included in the highest ones ( � 45 or 
 40 years). One study classified age into 10-year intervals 

 Brown et al., 2013 ), so it was included in the secondary 
eta-analysis of unadjusted data by calculating OR using 
he lowest age group as a reference (15–24). For this specific 
ase, we included only the calculated OR for the highest 
ge category of paternal age ( � 45 years) in the respective 
uantitative analysis. 

.3. Meta-analyses of studies 

s our main aim was to conduct a meta-analysis using data 
djusted for the confounding variables, and since the refer- 
nce category varied among studies, we conducted for each 
arental sex a first meta-analysis using the 25–29 age group 
s the reference category and only adjusted effect sizes, 
nd a second one using the 20–24 age group as reference 
ategory after calculating ORs from raw data if not already 
vailable as adjusted OR in the study. 

.3.1. Adjusted data with reference age 25–29 years 
aternal age. Meta-analysis was possible for 4 stud- 
es ( Buizer-Voskamp et al., 2011 ; Liang et al., 2021 ; 
cGrath et al., 2014 ; Weiser et al., 2020 ). All data were 
djusted for socioeconomic status and age of the mother at 
hildbirth. Compared to socioeconomic fathers aged 25–29 
ears, the random effects pooled estimates of the risk of 
D were as follows: 1.29 (95% CI: 1.13–1.48; I 2 = 0%) for 
ffspring of fathers younger than 20 years old; 0.98 (95% 

I: 0.86–1.10; I 2 = 63.9%) for offspring of fathers aged 20–
4 years old; 1.02 (95% CI: 0.95–1.09; I 2 = 42.2%) for off- 
pring of fathers aged 30-34 years old; 1.03 (95% CI: 0.91–
.16; I 2 = 69.3%) for offspring of fathers aged 35–39 years 
ld; 1.16 (95% CI: 0.97–1.38; I 2 = 62.3%) for offspring of 
athers aged 40–44 years old; and 1.29 (95% CI: 1.15–1.46; 
 

2 = 0%) for offspring of fathers older than 45 years old 
 Fig. 2 ) (Supplementary 4). 
aternal age. Meta-analysis was possible for 2 studies 

 Liang et al., 2021 ; McGrath et al., 2014 ). All data were
djusted for socioeconomic status and age of the father at 
hildbirth. Compared with mothers aged 25–29 years, the 
andom effects pooled estimates of the risk of BD were as 
ollows: 1.23 (95% CI: 1.14–1.33; I 2 = 0%) for offspring of 
others younger than 20 years old; 1.05 (95% CI: 1–1.10; 

 

2 = 0%) for offspring of mothers aged 20-24 years old; 1.04 
95% CI: 0.98–1.1; I 2 = 0%) for offspring of mothers aged 30–
4 years old; 1.10 (95% CI: 1.01–1.19; I 2 = 0%) for offspring 
f mothers aged 35-39 years old; and 1.2 (95% CI: 1.02–1.40; 
 

2 = 0%) for offspring of mothers older than 40 years old 
 Fig. 2 ) (Supplementary 5). 

.3.2. Unadjusted data with reference age 20–24 years 
aternal age. Meta-analysis was possible for 9 studies 
 Brown et al., 2013 ; Chudal et al., 2014 ; D’Onofrio et al.,
66 
014 a; Frans et al., 2008 a; Laursen et al., 2007 ; 
ehrer et al., 2016 ; Liang et al., 2021 ; Menezes et al., 2010 ;
eiser et al., 2020 ). Data are unadjusted for all the stud- 

es, except for D’Onofrio et al. (2014 b) (adjusted for ma- 
ernal age at birth and family history of psychiatric disor- 
ers) and Frans et al. (2008 b) (adjusted for maternal age at 
irth, socioeconomic status, and year of birth). Compared 
ith fathers aged 20–24 years, the random effects pooled 
stimates of the risk of BD were as follows: 1.02 (95% CI: 
.87–1.20; I 2 = 52.2%) for offspring of fathers younger than 
0 years old; 1.05 (95% CI: 0.94–1.19; I 2 = 86.5%) for off-
pring of fathers 25-29 years old; 1.12 (95% CI: 0.93–1.35; 
 

2 = 91.1%) for offspring of fathers 30-34 years old; 1.23 
95% CI: 0.94–1.60; I 2 = 95.8%) for offspring of fathers 35–
9 years old; 1.34 (95% CI: 0.98–1.84; I 2 = 95.3%) for off-
pring of fathers 40–44 years old; and 1.58 (95% CI: 1.04–
.39; I 2 = 92.9%) for offspring of fathers older than 45 years 
ld ( Fig. 3 ) (Supplementary 4). 
aternal age. Meta-analysis was possible for 3 studies 

 Chudal et al., 2014 ; Frans et al., 2008 a; Liang et al.,
021 ). Data were unadjusted for all the studies, except for 
rans et al. (2008 b) (adjusted for maternal age at birth, 
ocioeconomic status, and year of birth). Compared with 
others aged 20–24 years, the random effects pooled es- 
imates of the risk of BD were as follows: 1.20 (95% CI: 0.95–
.53; I 2 = 82.8%) for offspring of mothers younger than 20 
ears old; 0.96 (95% CI: 0.84–1.11; I 2 = 85.4%) for offspring 
f mothers aged 25-29 years old; 0.96 (95% CI: 0.8–1.15; 
 

2 = 88.4%) for offspring of mothers aged 30-34 years old; 
.07 (95% CI: 0.95–1.2; I 2 = 54.2%) for offspring of mothers 
ged 35–39 years old; 1.1 (95% CI: 0.99–1.23; I 2 = 0%) for 
ffspring of mothers older than 40 years old ( Fig. 3 ) (Sup-
lementary 5). 

.3.3. Means 
aternal age. Meta-analysis was possible for 4 studies 
 Birmaher et al., 2021 ; Buizer-Voskamp et al., 2011 ; 
ountoulakis et al., 2019 ; Lehrer et al., 2016 ). When age 
as considered as mean, no evidence for an association be- 
ween paternal age and risk of BD in offspring emerged (SMD 

 0.07, 95% CI: -0.47-0.61). 
aternal age. Meta-analysis was possible for 4 stud- 
es ( Birmaher et al., 2021 ; Fountoulakis et al., 2019 ; 
ehrer et al., 2016 ; Seidman et al., 2013 ). When age was
onsidered as mean, no evidence for an association be- 
ween maternal age and risk of BD in offspring emerged 
SMD = 0.07, 95% CI: -0.50-0.64). 

.3.4. Sensitivity analyses 
n sensitivity analyses of paternal age considered as a cate- 
orical variable (adjusted data, reference age 25–29) and 
isk of BD, the direction of the combined estimates did 
ot significantly vary with the removal of each study in 
urn, except in the age category ≤ 20 in which, by remov- 
ng McGrath et al. (2014 ), the overall effect become non- 
ignificant and in the age category 40–44, in which by remov- 
ng Weiser et al. (2020), the overall effect become signifi- 
ant (OR = 1.27, 95% CI: 1.12–1.44). (Supplementary 6). In 
ensitivity analyses of maternal age considered as a categor- 
cal variable (adjusted data, reference age 25–29) and risk 
f BD in the age category 35–39, by removing McGrath et al. 
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Fig. 2 Pooled odds ratios (OR) with 95% CI for risk of BD by adjusted maternal and paternal age, with age of reference 25–29 years. 

Fig. 3 Pooled odds ratios (OR) with 95% CI for risk of BD by unadjusted paternal age, with age of reference 20–24 years. 
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2014 ), the overall effect become non-significant (Supple- 
entary 6). 

.3.5. Cumulative analyses 
umulative analyses of the effect of the duration of the ob- 
ervation on paternal or maternal ages (both age of refer- 
nce 20–24 and 25–29) and the risk of BD in the offspring 
howed no statistically significant changes in the effect sizes 
s the duration of the follow-up increased (data available on 
equest). Cumulative analyses based on the year of sample 
nrollment across different studies showed no statistically 
ignificant changes in the effect sizes in almost every age- 
ange considered, with exception to the highest paternal 
ategory ( ≥ 45), which effect size became non-significant 
OR = 1.16, 95% CI: 0.97–1.38) as the year of enrollment 
as more recent (data available on request). 

.3.6. Publication bias 
n the analyses of paternal age group 20–24 and the risk 
f BD (reference age 25–29), the Egger’s tests and funnel 
lots were suggestive of publication bias (Egger’s t = -2.76, 
 = 0.0057), with two possible missing studies estimated 
ith the trim and fill method. In the analyses of paternal 
ge group ≥45 and the risk of BD (reference age 20–24), the 
gger’s tests and funnel plots were suggestive of publication 
ias (Egger’s t = 2.68, p = 0.007), with three possible miss- 
ng studies estimated with the trim and fill method. In the 
nalyses of maternal age groups 25-29, 30-34 and the risk 
f BD (reference age 20–24), the Egger’s tests and funnel 
lots were suggestive of publication bias (Egger’s t = -2.85, 
 = 0.004, and t = -3.30, p = 0.0009), with one possible 
issing study in each test estimated with the trim and fill 
ethod. All other analyses on publication bias using Egger’s 
est and inspection of funnel plots were not suggestive of 
ublication bias (data available on request). 

.3.7. Parental age effect on the age of onset of BD in 

he offspring 
nly two studies included in the narrative synthesis re- 
orted the effect of parental age on the age of onset 
f BD ( Frans et al., 2008 a; Grigoroiu-Serbanescu et al., 
012 ). Advanced paternal age was associated with earlier 
ge of BD onset in the first study ( Frans et al., 2008 a)
OR = 2.63; 95% CI, 1.19–5.81) and in the second study 
 Grigoroiu-Serbanescu et al., 2012 ), showing a negative as- 
ociation between increasing parental ages and decreasing 
roband age of BD onset (OR = 0.54, 95% CI, 0.35–0.80). 
aternal age had no significant effect on BD age of onset in 
oth studies (see Table 1 ). 

.3.8. Quality of the included studies 
verall, among case-control studies, 5 had “good" qual- 
ty and 2 were of “poor” quality overall, based on the 
ewcastle-Ottawa Scale (Supplementary 6). Overall, among 
ohort studies, 7 had “good” quality and 2 were of “poor”
uality overall, based on the Newcastle-Ottawa Scale (Sup- 

lementary 7). 

t

68 
. Discussion 

.1. Main findings 

he present study aimed at quantifying, through a meta- 
nalytical approach, whether parental age is associated 
ith an increased risk of BD in the offspring and whether 
dvanced paternal age is associated with an early-onset of 
D. 
The main results of the quantitative analysis were: (i) 

ounger maternal and paternal ( ≤ 20 years) or advanced 
ge ( ≥ 35 or ≥ 45 years, respectively) were associated with 
n increased risk of BD in offspring when the reference age 
roup was 25–29 years and data were adjusted for confound- 
ng variables; (ii) when the reference age group was 20–24 
ears and the data were not adjusted for confounding vari- 
bles, only advanced paternal age ( ≥ 45 years) was associ- 
ted with an increased risk of BD in offspring; (iii) no signif- 
cant increase in the risk of BD in the offspring was found 
hen parental age was taken as means. 
Our results are in line with the ones of another recent 
eta-analysis on the topic ( Polga et al., 2022 ), in which 
dvanced paternal and maternal age were associated with 
 higher risk of BD in the offspring. However, this pre- 
ious quantitative analysis included a total of 7 studies 
nd did not consider two large prospective cohort stud- 
es ( Liang et al., 2021 ; McGrath et al., 2014 ), which re-
ruited over 6 million people and were included in the 
resent meta-analysis. Furthermore, the authors adopted 
ge categories of 10 years, possibly leaving residual con- 
ounding within categories ( Reijneveld, 2003 ), and used un- 
djusted effect sizes. Since the age of mothers and the 
ge of fathers are highly correlated, studies looking only 
t paternal age may show stronger effects, although the 
isks are attributable to maternal age ( Reijneveld, 2003 ). 
ndeed, nonlinear models examining the joint influence 
f paternal or maternal age and controlling for possible 
onfounders showed a better fit than traditional models 
 Thompson, 2019 ). Our results must therefore be considered 
n this light, with the adjusted results for confounding vari- 
bles being more reliable than the unadjusted ones. 

.2. Potential mechanisms 

he U-shaped association between BD risk in offspring and 
arental age showed in our results is not surprising, since 
he previous meta-analysis on schizophrenia or other neu- 
opsychiatric disorders also reported U-shaped risk patterns 
 Miller et al., 2011 ; Oldereid et al., 2018 ; Wu et al., 2017 ). 
There are several plausible underlying mechanisms by 
hich advanced parental age might increase the risk of BD 

n the offspring, that might derive from a complex interplay 
etween genetic and psychosocial factors. Interestingly, a 
ecent study investigating the association between poly- 
enic risk score for BD in parents and offspring and the risk 
f lifetime diagnosis of BD in offspring found that the role 
f genetic risk of the offspring is at least partially indepen- 
ent from clinical parental diagnosis of BD, explaining a big 
roportion of variance (5%) ( Birmaher et al., 2022 ). 
Our study is the first one that draws particular attention 

o the link between both younger paternal and maternal age 
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nd BD since previous meta-analyses on the matter failed 
o report this association as significant ( Polga et al., 2022 ). 
ounger parenthood has been associated with lower edu- 
ational achievements, adverse social outcomes, violent or 
riminal behavior both in parents and offspring ( Mills et al., 
011 ). Indeed, adolescent parents may experience more 
sychosocial stress, stigmatization, anxiety and use fewer 
oping strategies ( Kaye, 2008 ). Stressful life events might 
lso contribute to the increase of the risk of any mood 
isorders ( Hillegers et al., 2004 ; Kessing et al., 2003 ). In- 
reased rates of substance abuse including alcohol, co- 
aine, marijuana, and methamphetamines, are more com- 
on in younger parents ( Carroll Chapman and Wu, 2013 ; 
aldegan-Bueno et al., 2021 ). Also, adolescents might be 
ore prone to engage in non-protected sex, eventually re- 
ulting in unplanned pregnancies and increased rates of 
bortion ( Davis and Beasley, 2009 ). Therefore, evidence 
ighlighted a positive relationship between induced abor- 
ion, spontaneous abortion, and an increased risk of psy- 
hiatric disorders ( Jacob et al., 2019 ). Younger parents 
ith a tendency toward impulsive behavior, mood fluctua- 
ions, risky behaviors ( Axelson et al., 2011 ; Birmaher et al., 
018 ) or specific affective temperaments ( Fico et al., 2019 ) 
ight also be individuals with a prodrome affective disor- 
er, thus, with a higher genetic load and higher chances 
o progress to full-threshold BD ( Birmaher et al., 2018 ). 
owever, the recognized role of environmental factors as 
ues for BD risk should not overshadow the possible biolog- 
cal mechanism involved. Indeed, a stressful environment 
romotes inflammation ( Herbert and Cohen, 1993 ); there- 
ore, inflammation might be a mediator in the relationship 
etween psychosocial stress and offspring neuropsychiatric 
utcomes ( Csatlosova et al., 2021 ; Hantsoo et al., 2019 ; 
halfallah et al., 2022 ). Furthermore, stress exposure may 
ccelerate telomere shortening as observed in several psy- 
hiatric disorders, including BD. Telomere length is herita- 
le and correlates with paternal age ( Njajou et al., 2007 ), 
ut its role in increasing BD risk is unknown ( Slagboom et al., 
994 ). Still, a stressful environment rather than vertical 
ransmission may have a stronger influence on telomere 
hortening in BD ( Powell et al., 2018 ; Shalev et al., 2013 ;
aldes et al., 2005 ). Indeed, sperm telomere length in- 
reases with age in humans, and as a result offspring 
f older fathers inherit longer telomeres ( Eisenberg and 
uzawa, 2018 ). 
Substance use is associated with depression in the off- 

pring in pre-clinical studies ( Pacheco et al., 2021 ), and 
ith birth defects and increasing de novo mutations in 
ermlines in clinical studies ( Laubenthal et al., 2012 ; 
inschooten et al., 2013 ; Shi et al., 2001 ), which may ul- 
imately result in an increased risk for BD in the offspring of 
ounger parents. Nonetheless, most de novo mutations oc- 
ur in paternal germlines, while aneuploidies are mainly of 
aternal origin and are associated with increased maternal 
ge ( Larroya et al., 2021 ), but doubtfully associated with an 
ncreased paternal age ( Steiner et al., 2014 ). 
As regards advanced paternal age and the risk of BD, our 

esults replicated previous evidence ( Polga et al., 2022 ). 
he mechanism underlying the advanced parental age ef- 
ect has been mainly related to increased rates of de novo 
utations ( Crow, 2000 ; Kong et al., 2012 ), epigenetic al- 
ernations ( Denomme et al., 2020 ; Malaspina, 2001 a), and 
69 
he personality of older fathers ( Zammit et al., 2003 ). More 
ikely, a multitude of interacting factors seems to mediate 
he impact of advanced paternal age on BD risk, including 
he role of aging, de novo mutations, epigenetic mecha- 
isms, psychosocial environment, and selection into late fa- 
herhood ( Vervoort et al., 2022 ). 
For the mechanisms that underlie advanced maternal age 

ffects, evidence differs between BD and other neuropsy- 
hiatric disorders. It is well known that advanced maternal 
ge ( Cavazos-Rehg et al., 2015 )or a mother’s history of a se-
ere psychiatric disorder ( Solé et al., 2020 ) are associated 
ith higher rates of obstetric complications that might in- 
rease the risk of neurodevelopmental or psychiatric disor- 
ers in the offspring ( Zhang et al., 2019 ). However, while for
isorders such as schizophrenia and autism spectrum disor- 
er perinatal the association is replicated in several studies 
 Abel et al., 2013 ; Buchmayer et al., 2009 ; Davies et al.,
020 ), no significant association was found for BD, although 
vidence is still scarce ( Serati et al., 2020 ). Maternal im- 
une activation at the time of gestation, not limited to in- 
ections but considering a spectrum which includes stress 
r traumatic experiences, epigenetic modification of stress- 
elated pathways or changes in the microbiota, has been 
inked to increased risk of schizophrenia or BD ( Brown and 
onway, 2019 ). 
A secondary aim of our study was to assess whether 

arental age is associated with earlier BD onset, based on 
he hypothesis that advanced parental age increased the 
isk of early-onset BD in offspring. BD showed a bimodal 
early or late) or trimodal (early, mid- and late) age-of- 
nset distribution, probably due to a combined effect of 
nvironmental and genetic factors ( Bolton et al., 2021 ; 
essing, 2006 ; Preisig et al., 2016 ; Vedel Kessing et al., 
021 ), but to date, the paternal age effect on BD onset is
till to be explored. We found only two studies exploring this 
ssociation, not includable in quantitative analysis. Overall, 
oth studies indicated that advanced paternal, but no ma- 
ernal, age is associated with earlier age of BD onset. This 
esult is in line with the hypothesis that advanced age is as- 
ociated with an accumulation of DNA mutations, especially 
n paternal germ cells ( Taylor et al., 2019 ). 

.3. Clinical and preventative implications 

he combination of estimates from all previously published 
tudies allowed a more complete and precise assessment of 
he parental as a risk factor for BD, supporting the hypoth- 
sis that both very young and old parental age is associated 
ith an increased offspring’s risk for BD. In older parents, 
he effect on BD risk might have a stronger genetic or epi- 
enetic influence, while in younger fathers or mothers the 
ffect might result from a complex interaction between psy- 
hosocial environment, activation of stress-immune related 
athways, and epigenetic and genetic factors. 
For both clinical practice and public health programs, 

ur results underline the importance of applying prevention 
trategies to the patient population diagnosed with BD to 
inimize the risk of BD in the offspring, and to offspring 
hat would be identified as a BD risk population, along with 
ther known environmental risk factors ( Marangoni et al., 
016 ). However, due to the limitations of our study, such 
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onsiderations should be taken into account cautiously be- 
ore being translated into clinical practice. ( Laurenzi et al., 
020 )The progressively increased age of parenthood world- 
ide ( Waldenström, 2016 ; Eurostat, 2020) is a public health 
oncern, and future studies that demonstrate paternal age 
orrelates with specific psychiatric disorders may guide indi- 
idual and societal interventions. Lastly, although our data 
ere controlled for the presence of parental history of 
sychiatric disorders, it should be noted that offspring of 
arents with BD have an increased risk of developing any 
ood disorder ( Mesman et al., 2013 ), and specific preven- 
ive strategies in this at-risk population should be also im- 
roved. 

.4. Strengths and limitations 

ur study comes with some limitations. To begin, still few 

tudies investigated the association between parental age 
nd BD risk in offspring. Then, only observational stud- 
es were included in the analysis. Although there was 
oderate-to-high heterogeneity in some of the analyses, it 
as mostly limited to analysis with unadjusted data. Addi- 
ional information about non-psychotropic drugs, the course 
f pregnancy, the history of BD in first-degree relatives, the 
istory of other mood disorders in the parents, especially 
ith younger age and possible not-yet diagnosed with BD 

r other mood disorders, deserves additional primary stud- 
es to allow for control of such moderators. Although most 
tudies presented adjusted data for socioeconomic status, 
hey considered it as a single socioeconomic variable rather 
han a complex and multifactorial one ( Braveman et al., 
005 ). Also, although the majority of the pooled effect sizes 
n our quantitative analyses have a narrow confidence in- 
erval demonstrating a greater degree of precision, these 
ffect sizes are quite small, calling for caution. Finally, in 
he included studies the authors used a range of parental 
ge as a reference group, being able to assess the risk of BD 

n the offspring only in lower or higher parental age cate- 
ories compared to the reference points. However, several 
trengths should be addressed: we included a larger num- 
er of the studies on the topic confirming but, most impor- 
antly, significantly extending previous evidence; the major- 
ty of the included studies followed a longitudinal design, 
ith long follow-up periods; the pooled effect sizes of risk 
or BD were largely consistent in several different sensitiv- 
ty analyses; there was no publication bias in the majority 
f the analyses, so the probability that our findings are a 
esult of selective publication seems to be minimal. 

. Conclusion 

n conclusion, there is evidence that young and advanced 
arental age is associated with an increased risk of BD in 
he offspring. Recognition of this risk is of great importance 
n both clinical psychiatric practice and as a public health 
ssue. It is necessary to inform individuals on the risk of 
arly or delayed reproductive age and to implement inter- 
entions to reduce psychosocial stressors in adolescent par- 
nts, as well as programs to follow-up offspring at risk of 
eveloping BD. Further studies are needed to elucidate the 
70 
ause-effect relationship and mechanism between parental 
ge and increased risk of BD in the offspring. 
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