


Figure 1. A owchart of suggested mechanisms contributing to the relationship between the parental age and
the schizophrenia risk in o spring.

alleles identi ed as having increased frequencies in SCZ cases compared to controls. A woman's genetic risk fc
schizophrenia is solely a function of her DNA, which she received independently of the characteristics of her
partner. Hence, a bene t of this novel design is that the inferred association is not confounded by artefactual or
non-genetic association(s) such as increased SCZ risk in o spring due to maternal environmental e ects or by
confounding with father’s age. We showed that the U-shaped relationship (between maternal age at birth and SC-
risk in o spring) observed in epidemiological studies was also observed when considering predicted genetic risk
for SCZ as a function of AFB in healthy worién

In this study, we replicate and extend our earlier ndifgsing the UK Biobank data in which community
samples of women have been measured for AFB. First, we con rm that SCZ polygenic risk score (PRS) for wome
in the UK Biobank with a record of AFB (N38,892) signi cantly predicts the U-shaped relationship found in
McGrathet al.=3, thereby replicating the results in Mehta ¢éfaBecond, we test if there is a genetic heterogeneity
for AFB between younger and older AFB groups. ird, we estimate the genetic correlation between SCZ and
AFB in younger and older AFB groups.

:t o/ —o

177 <1 ™ndotal, 41,630 SCZ GWAS samples including 18,957 cases and 22,673 controls from 30 cohorts
were used in this study (Table S1), which were the same data used inatME¥itdror the UK Biobank sample,
38,892 women were used. e distribution of AFB, age at interview, and year of birth for the UK Biobank data
aer QC are shown in Fig. S1. In total, 518,992 SNPs passed the quality control criteria and were in common
across the SCZ and UK Biobank samples. e distribution of MAF is shown in Fig. S2. Figure S3 shows that there
were no closely related individuals in the UK Biobank and SCZ case-control data sets, con rming that the two
data sets were independent.

We estimated SCZ PRS for each individual in the UK Biobank sample, using the SCZ GWAS as a referenc
data set (see Methods). We used both the genetic pro le score agp(@&B-score) and genomic best linear
unbiased prediction method (PRS-GBLUP). We assessed the U-shaped relationship between AFB and SCZ PF
for the UK Biobank sample. We emphasize that in this novel design, it was not necessary to measure SCZ risk i
o0 spring, and in our strategy potential confounding due to a correlation between paternal and maternal age was
mostly removed.

Subsequently, we estimated SNP-heritability and genetic correlation between AFB and SCZ. Because of th
non-linear relationship (U-shape), we divided the UK Biobank sample into two groups with younger and older
AFB. We assessed if the younger and older AFB groups were genetically heterogeneous, and if there is any sigr
icant genetic correlation between SCZ and each of the younger and older AFB groups.

TZf—<'eeSc< f-—™xFte Chmsistent iith McGrath et @ and replicating the ndings
in Mehta et al’, a U-shaped relationship was observed between AFB and SCZ PRS-GBl24h@Tgble S2),
implying genetic pleiotropic e ects on AFB and SCZ risk. Figskows the mean and standard error of SCZ
PRS-GBLUP in the UK Biobank sample grouped by AFB. e mean SCZ PRS-GBLUP in women with early AFB
(20 years) was signi cantly higher than that in women with intermediate AFB (P-val2E-02 for AFB
between 20 to 25 years, P-valuel.2E-05 for AFB between 25 t80 years, P-value2.0E-02 for AFB between
30to 35 years, in Table S3), but not in women with high AFB (P-vadu@E-01 for AFB 35 years). e mean
SCZ PRS-GBLUP in women with AFB between 25 to 30 years was signi cantly lower than that in women with
AFB between 20 to 25 years (P-value2.0E-03). Our results con rmed the ndings in Mehta efgli.e. a
U-shaped relationship between AFB and SCZ PRS attributed to latent genetic factors, with stronger signi cance.
e results were similar whether PRS was calculated using GBLUP (PRS-GBLUP) or conventional pro le scoring
based on GWAS summary statistics from the SCZ GWAS data (PRS-score) (Fig. S4 and Table S3). We also co
rmed that the U-shaped relationship was replicated with estimated SNP e ects from the full PGC SCZ GWAS
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Figure 2. Mean and standard error of schizophrenia polygenic risk scores estimated from Genomic Best Linear
Unbiased Prediction (GBLUP) in the UK Biobank sample grouped by age at rst birth.

Figure 3. log(P) values for the null hypothesis ofR 0 based on the linear prediction. Full range of AFB:

All available samples with a record of age at rst birth were used.28KR6): Analyses were only focus

on samples with AFR6 ( 26). PRS-GBLUP: Schizophrenia (SCZ) polygenic risk scores estimated from
genomic best linear unbiased prediction were used as an explanatory variable in the model. PRS-score: SCZ
polygenic risk scores estimated from genome-wide association study based on available individual genotype
data were used as an explanatory variable in the model. PRS-scorePGC: SCZ polygenic risk scores estimated
from summary statistics results of full PGC SCZ GWAS study were used as an explanatory variable in the
model. Response variables were generated with a polynomial function derived by Méfitahicih describes

the relationship between SCZ risk in o spring and maternal agg7214 0.1105X 0.0018X? where X is

age at rst birth), and used in the model in which the AFB phenotypes were adjusted for age at interview, year of
birth, assessment center at which participant consented, genotype batch, and the rst 20 principal components.

study (PRS-scorePGC) (See Fig. S4 and Table S4), although these results could be biased due to possible sar
overlap or the presence of relatives between the UK Biobank and the full PGC SCZ data.

<ot f" ""1 7T« FoloWidg Mehta et al’, we tested if SCZ PRS could predict the response variable (see
Methods) that described the relationship between SCZ risk in o spring and maternal age derived in McGfath et al
Figure3 shows that the response variable was signi cantly predicted by SCZ PRS for the group with the full range
of AFB (P-value 1.12E-05 for PRS-GBLUP, and P-vallg53E-07 for PRS-score and P-vallB08E-06 for
PRS-scorePGC) and the subgroup with AFB younger than 26 (P-véaldg&E-06, 6.06E-08 and 2.45E-06 for
PRS-GBLUP, PRS-score and PRS-scorePGC, respectively), but not for the subgroup with AFB older than 2¢
e prediction with PRS-score was stronger than that with PRS-scorePGC, and both stronger than that with
PRS-GBLUP although the results across the methods were not substantially di eré)t (Fig.

Education level, income level, smoking and alcohol drinker status were additionally used to adjust the
response variable in the linear prediction to test if those factors diminish the signals. Even with this conservative
model, our results for the group with full range of AFB and the subgroup with AFB younger than 26 remained
signi cant (Fig. S5 and Table S5), albeit with reduced e ect size and signi cance. e reduced signi cance might
be partly explained by the reduced sample size (i.e. for full range of ARB,892 in the base model and 31,848
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Figure 4. Genetic correlation (le ) and heritability (right) of age at rst birth (AFBp, AFB 26, and

schizophrenia (SCZ). Cor(AFR6, AFB  26): Estimated genetic correlation between the groups with

AFB 26 and with AFB 26. Cor(SCZ, AFB 26): Estimated genetic correlation between SCZ and AFB in the
older AFB group. Cor(SCZ, AFB26): Estimated genetic correlation between SCZ and AFB in the younger
AFB group. e bars are standard errors. In the model, the AFB phenotypes were adjusted for age at interview,
year of birth, assessment center at which participant consented, genotype batch and the rst 20 principal
components. And the SCZ phenotypes were adjusted for sex, cohorts and the rst 20 principal components. e
sample size for group AFB26 was 17,598 and for group AFB6 was 21,294, and for group SCZ was 41,630.

in model adjusted for education and income; see Table S5). In sensitivity analyses we also restricted the sample
those recruited at age 45 years (N35,451), which included the vast majority of women with a record of AFB,

so that results were not biased by the exclusion of women with no reported AFB measure. We found that there
was no substantive di erence in our results despite the reduced sample size (Table S5 vs. S6).

e UK Biobank sample was divided into two subgroups born before or a er 1945, a boundary of post-
ponement of AFB based on the theory of the second democratic tratfsiEionindividuals born a er 1945,
PRS-GBLUP signi cantly predicted the response variable for the group with the full range of AFB and the sub-
group with AFB younger than 26, even a er adjusting for socioeconomic status, and smoking and alcohol drinker
status, but not for the subgroup with older AFB. For individuals born before 1945, PRS-GBLUP did not sig-
ni cantly predict the response variable for the group with the full range of AFB (P-v&l&2E-02) nor the
subgroup with AFB younger or older than 26 (P-val4e99E-02 or 4.38E-01) (Table S7). Our results agreed
with the results of Mehta et.4l in that SCZ PRS of women signi cantly predicted the response variable for the
group with the full range of AFB and the subgroup with AFB younger than 26. e signals became stronger for
the individuals born a er year 1945.

fet—«... ..."""FZf—<'e -1 1Given thitehe AFBHor women in the UK Biobank data was
signi cantly predicted by PRS-GBLUP (P-valu&.12E-05 andR 4.96E-04 in Table S5), it was of interest to
estimate the genetic correlation between AFB and SCZ, which is the scaled proportion of variance that AFB anc
SCZ share due to genetic factors.

e SNP-heritability was 0.03 (SE 0.01), 0.10 (SEO0.01), and 0.20 (SE0.004), for older AFB, younger
AFB, and SCZ, respectively. e SNP-heritability for the older AFB group was not signi cantly di erent from 0
(Fig.4 right panel).

The estimated genetic correlation between younger and older AFB groups was significantly less than 1
(ry 0.47, SE 0.19, P-value 3.45E-03, in Table S8), indicating that younger and older AFB were genetically
heterogeneous in the UK Biobank (Fde panel). We demonstrate that a truncated selection had little impact
on the estimation of the genetic correlafi(Supplemental Notes 1 and 2 and Figs S6 and S7). Further, the
estimated genetic correlation between SCZ and AFB in the younger AFB group.®@¢SE 0.04) and that
between SCZ and AFB in the older AFB group was 0.18.(&} (Fig. 4 le panel).

In sensitivity analyses, education level, income level, smoking and alcohol drinker status were additionally
used to adjust the phenotypes in the genomic residual maximum likelihood (GREML) analyses to see if those fac
tors change the estimates. Figure S8 shows that the estimates and their signi cance were slightly reduced, whic
could be partly explained by the decrease of sample siz8§J892 in the base model versus 31,848 in the model
adjusted for education and income; see Table S8).

In addition to GREML, linkage disequilibrium score regression (LE¥S@as applied to estimate the genetic
correlation between SCZ and younger and older AFB (Table S9). As recommended by the LDS&, papers
pre-estimated LD scores from the 1000 Genome reference sample without constraining the intercept of regres:
sion were applied to the QCed GWAS data and full PGC SCZ GWAS summary results. However, we could acce:s
individual genotype data and it was clearly known that there was no overlapping sample and no high relatednes:
in the QCed GWAS data for which we would be able to use LD scores estimated based on the actual genotyy
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data as well as to constrain the intercept as zero. As reffdrtedias observed from simulations (Supplemental

Note 3) that if there was no overlapping sample, LDSC with constraining the intercept as zero gave the most accu
rate estimate with the least standard error (Fig. S9). In the real data analyses, Table S9 showed that LDSC wi
constraining the intercept as zero gave similar estimates and standard errors, compared to those from GREML
when using the QCed data. When explicitly estimating the intercept, the standard errors became large; therefore
the precision of estimates might be decreased (Table S9). When using the full PGC SCZ GWAS summary, LDS
gave similar estimates but larger standard errors, compared to GREML estimates, although a larger SCZ samp
size was used for LDSC analyses (77,096 for LDSC vs. 41,630 for GREML).

e — e 0 ( ¢ L]
Parental age has been consistently associated with an increased risk of SCZ irfd%3platyS, but it is well
known that traditional epidemiological study designs, based on data measured for parental age and SCZ statu
in their o spring, have limitations with respect to disentangling genetic e ects from non-genetic confounding
e ects such as common and residual environmental e ects {rige elevated risk of SCZ associated with
parental age extends to children of both younger and older parents, compared to children of average aged par
ents — i.e. a U-shaped relationsfiipe most widely accepted mechanism, in the case of delayed parenthood,
is a causal relationship due to the accumulation of de nautations with age (e.g. Kong e£8, although this
cannot explain increased risk in o spring of younger parents. is hypothesis is biologically plaiZbleut
Grattenet al.>® have shown using theory and simulations that paternal age-related dnutations are unlikely
to be the major causal factor responsible for increased risk of SCZ in o spring. Instead, they argued that increasec
risk of SCZ in o spring of older fathers could be due to genetic overlap between risk of SCZ and delayed parent-
hood. is nding is consistent with epidemiological studies showing that paternal age at rst child, as opposed
to paternal age at conception, accounts for the increased risk of SCZ in the children of older fathers (i.e. arguing
against a direct causal role for age-related de mutations}>1. Notably, this mechanism of genetic overlap
between parental age and SCZ applies equally well to o spring SCZ risk associated with early parenthood.

Recently, Mehta et 4F used a novel design to investigate the genetic relationship between SCZ and AFB in
women that is free of many of the potential confounders present in epidemiological study designs (e.g. poor
maternity skill, psychosocial factors and shared environmental factors). Specifically, they used SNP effects
obtained using SCZ case-control data to estimate genetic risk of SCZ in a general community sample of womel
measured for AFB. As expected, psychiatric disorder including SCZ was not enriched in this community sample
(i.e. a general population). erefore, there is hardly phenotypic assortative mating for the psychiatric disorder
in the sample. In addition, the analyses were restricted to individuals with pairwise genomic relatior@hip
across samples to make sure that SCZ GWAS and AFB samples were independent. us, it was unlikely that they
shared the common environmental factors. In this analysis, we used the novel design and replicated the nding
in a much larger and independent community sample, the UK Biobank study. We con rmed the U-shaped rela-
tionship between AFB and SCZ PRS reported by Mehtad” (Figs2 and 3, and provided evidence of genetic
overlap between SCZ and AFB in women. e large number of samples in the UK Biobank made it possible to
also estimate genetic variance and covariance between SCZ and AFB using a linear mixed model, showing th
the traits of younger and older AFB are genetically heterogeneou4 ¢Figable S8). e genetic correlation
between SCZ and AFB in women with AFB6 was 0.16 (SE 0.04), which was signi cantly di erent from
zero (Fig4). e genetic correlation between SCZ and AFB in women with AFES was 0.14 (SE0.08), which
was signi cantly larger, albeit by a marginal amount, than zero in a one-tail Wald test (p-0204¢. is shows
that there is at least a suggestive signal for the genetic correlation between older AFB and SCZ, hence we canr
totally rule out the possibility of the association.

In linear prediction, results from PRS-score were similar to or more signi cant than those from PRS-scorePGC
(Table S5). is is noteworthy because PRS-scorePGC was based on the GWAS summary statistics from the full
PGC SCZ GWAS (33,640 cases, 43,456 controls, from 52 cohorts), which is a larger sample than that used
generate PRS-score (individual-level genotype data on 18,957 cases, 22,673 controls, from 30 cohorts). Howev
publicly available GWAS summary statistics such as those used for PRS-scorePGC provide incomplete informa
tion about sample overlap or pairwise relationships between data sets, either of which could introduce biases o
in uence statistical signi cance due to non-independence of samples. ere is an approach or strategy for related-
ness QC without accessing individual genot$fpaswever, it is not immediately applicable to the full PGC SCZ
data. We hypothesize that the superior performance of PRS-score in our analysis, despite smaller sample size th:
PRS-scorePGC (which is explained by restrictions on data access for individual-level genotype data), re ects the
very stringent QC we applied to the data, including on relatedness.

In this study, we could not test the signi cance of association between SCZ PRS and SCZ status for the UKk
Biobank sample because there was no information about SCZ outcome for the sample. However, we conducte
an association test between the SCZ PRS and bipolar disorder (that is highly correlated with SCZ) for the UK
Biobank (P-value 1.02E-08 with 4,508 bipolar cases and 8,821 controls). is showed that the SCZ PRS was
a reliable predictor of the true underlying SCZ liability for the UK Biobank sample. We also did not adjust for
the assortative mating e ects because the partner information is not available. However, it is not likely that such
genetic assortative mating e ects are substantial although a further study is required to test this hypothesis.

Estimated genetic correlations and their standard errors based on GREML and LDSC were very similar
(Table S9), but only when the intercept of the LDSC was constrained, which requires the strong assumption of nc
overlapping samples, and only when LD scores were calculated from the actual sample, which is usually not pos
sible when using GWAS summary statistics. We also observed this phenomenon in our results based on simulate
data (Supplemental Note 3 and Fig. S9). ese observations are in line with the statement in Bulik-Sullit’an et al
that standard errors are sacri ced to achieve unbiased genetic correlation and the availability of individual-level
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genotype data was the most preferable scetiaxevertheless, the estimated genetic correlations between SCZ,
younger AFB and older AFB were consistent using two di erent approaches, i.e. GREML and LDSC (Table S9).

In summary, this study replicated previously reported evidence for signi cant genetic overlap between risk of
SCZ and AFB in women using an independent target sample from the UK Biobank. We further showed that AFB
in women is genetically heterogeneous (comparing younger to older AFB) and that there is a signi cant genetic
correlation between SCZ and AFB. Conducting parallel analyses for AFB in men is of great interest but these
data are less easily available and AFB has not been recorded for men in the UK Biobank. Our results suggest th
early, and perhaps also late, age at rst birth in women is associated with increased genetic risk for SCZ in the U}
Biobank samples. ese ndings contribute new insights into factors contributing to the complex bio-social risk
architecture underpinning the association between parental age and o spring mental health.

f-Ste fot f—f"<fZs
Informed consent was obtained from every participant in each study. Research Ethics approval was obtainec
from University of South Australia Human Research Ethics Committee (HREC). All methods were carried out in
accordance with the relevant guidelines and regulations.

fr—<..<' fe—e fot “—f Rchizophreniae(SCZ)E&atuple. Genome-wide association data were
available from 18,987 SCZ cases and 22,673 controls from the second phase of the Psychiatric Genomic
Consortium (PGC3 with quality control (QC) applied as described in Mehta é£.aln summary, before
imputation, PGC group performed a QC for the raw genotypes within each cohort: SNPs with cadll9&te
or Hardy-Weinberg equilibrium p-value 10E-6 in controls or p-value 10E-10 in cases were excluded.
Individuals with call rate 0.98 were excluded. en, the QCed raw genotype data were imputed with IMPUTE2/
SHAPEIT234using the full 1000 Genomes Project datasastthe reference set. Post-imputation quality control
was performed in each cohort as: A best-guess genotype was called if its posterior probahilitherwise
treated as missing. SNPs with an imputation r-squar@d or MAF 0.005, or call rate 0.98 were excluded.
Out of 39 cohorts, eight cohorts were excluded because the number of SNPs passing the QC process was too sn
and one cohort was excluded because essential covariate information was not available. A er the post-imputation
QC, we combined the genotype data across all céh8r#&s in Mehta et at’, we used HapMap3 SNPs that were
reliable in estimating (shared) genetic architecture between comple®{t&its the combined dataset, SNPs
with call rate 0.9, individuals with call rate0.9 were excluded, and one individual in a pair with genomic
relationship 0.05 was excluded. is less stringent QC for call rate was because SNP and individual QC had
been already done by the PGC. A er this QC, 688,145 SNPs (best-guess genotypes) and 41,630 individuals we
remained and used to combine with the UK Biobank sample.

UK Biobank sample. In the rst version of UK Bioban® data set, 80,702 female (54,215 with a recode of
AFB) out of 152,249 genotyped individuals were available from a community sample, in which psychiat-
ric disorders were not enriched, with 72,355,667 imputed SNPs available. Out of all imputed SNPs, 1,242,19
HapMap3 SNPs were identi ed, which were ltered through the following QC ltering criteria: SNPs with impu-
tation INFO 0.67, minor allele frequency (MAF)0.01, call rate 0.95, and Hardy-Weinberg equilibrium
P-value 10-7#"were excluded. In addition, ambiguous strand SNPs were excluded. A er this QC, 930,841 SNPs
(best guess genotypes) remained and they were used to merge with the SCZ genotypic data. For individual lev
QC, only Caucasian females were used who clustered within 6 standard deviation from the mean of the EUR
reference sampiefor the rst and second genetic relationship principal components. Individuals were further
excluded due to call rate 0.95. In addition, one in a pair of individuals was randomly removed if their genomic
relationship coe cient was more than 0.5An important reason for removing closely related individuals was

to reduce the possibility that the similarity between the phenotypes of those individuals could be caused by
non-genetic e ects (e.g. common environment e ettsfurthermore, UK Biobank samples were excluded if

their genomic relationship with any individual in the SCZ or AFB datasets used in Mehtaveasl 0.05, in

order to ensure the independence of the UK Biobank sample. e AFB sample in Mehfd ietatided 12,247
genotyped women measured for AFB, who were from four cohorts: Estonia, the Netherlands, Sweden, and the
United Kingdom. A er QC, we used 80,522 individuals (18,957 SCZ cases, 22,673 SCZ controls, and 38,892 Ul
Biobank individuals) and 518,992 SNPs in the main analyses.

—f—<e—<...fZ [BstfalationbfSBZ polygenic risk score (PRS) in UK Biobank sample. 'We used a GBLUP
model to generate SCZ PRS for each individual in the UK Biobank sample accounting for the genetic relationship
between the UK Biobank sample and the SCZ case-control sample. e GBLUP model can be written as

y Xb Zu e,

wherey is a vector of phenotypic data (i.e.for SCZ casess or SCZ controls and missing for UK Biobank
individuals),b represents vectors of xed e ects including sex, cohort and 20 ancestry principal components
(PCsJ? u is the vector of SCZ PRS, and e is the vector of residuals. X and Z are design matrices to allocate e ect
to phenotypic data. It is assumed thaswormally distributed as (0, Go—f), where Gs the genomic relation-

ship matrix constructed as described in Yang ¢ ahdau2 is the additive genetic variance, and aormally
distributed asN(0, I5?), where Iis an identify matrix ane? is the residual variance. GBLUP was performed
using GCTAS® or MTG245s0 that a subset of u for the UK Biobank sample could be inferred based on the phe-
notypes of the SCZ sample and the genomic relationships between the two data sets. Mean SCZ PRS in the L
Biobank individuals grouped by their AFB was estimated to assess the previously reported U-shaped relation-
shipt3'”. GBLUP provides more accurate PRS (PRS-GBLUP) under a polygenic genetic architecture than the
more standard genetic pro le score approdgchut for comparison we also calculated PRS by the standard
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method (PRS-score). To estimate SCZ risk SNP e ects, an association test was conducted with¥usiig 1.9

the same SCZ GWAS data used in the GBLUP analyses, with phenotypes adjusted for sex, cohort and 20 PC
PRS-scores for individuals in the UK Biobank sample were generated by summing the count of SCZ risk allele:
weighted by the SNP e ects estimated from the association test. In addition to PRS-score, we used the estimate
SNP e ects from the full PGC SCZ GWAS study (33,640 cases and 43,456 controls; publicly available at https:/
www.med.unc.edu/pgcfto calculate a further pro le risk score in the UK Biobank sample (PRS-scorePGC).
However, we cannot exclude the possibility of sample overlap or relatedness between the UK Biobank and ful
PGC SCZ data, because we only have a permission to access to the genotypes of 30 cohorts out of 52. Note that
used all of the SNPs across the genome (a er QC) to calculate SCZ PRS for the UK biobank sample.

Linear prediction. It is of interest to replicate the ndings from the epidemiological observatioat maternal

ages are associated with SCZ risk in o spring, using the novel design consisting of general community sample
(UK Biobank) measured for AFB and SCZ PRS. Any signi cant association between AFB and SCZ PRS from
a linear prediction gives evidence that the U-shape relationship between maternal ages and risk in o spring
(observed in McGrath et 4F) can be explained by genetic factors. Using 2,894,688 records from the National
Danish Registry, McGrath et reported a U-shaped relationship between risk of SCZ in children and maternal
age at birth. e resulting equation from the U-shaped relationship (2.7214 0.1105X 0.0018X) can be

applied to data of age at rst birth of women to generate predictors of risk of SCZ in their éhiMienid not

consider the second model in Mehta et“hat was adjusted for partner’s ages because the model was shown
to be over-correctéd We calculated the response variable (z) in the UK Biobank sample from the recorded
age at rst hirth (X) and this was used as the y-variable in analyses regressing on either PRS-GBLUP, PRS-scc
or PRS-scorePGC and including age at interview, assessment center at which participant consented, genotyp
batch, year of birth and the rst 20 PCs as covariates. Socioeconomic status (i.e. education and iné6ore level)
smoking and alcohol drinker status were additionally used to adjust the response variable in sensitivity analyse:
(Fig. S1). Linear models were applied to the group with the full range of AFB records, the subgroup with AFB
younger than 26 years ( 26), and the subgroup with AFB at or older than 26 ( 26), respectively, where the value
of 26 is the mean of AFB in the UK Biobank sample. From the model, the coe cient of determindtiandR
P-value against the null hypothesis (i.e. SCZ PRS of women is not a predictor of AFB) were estimated.

Genomic residual maximum likelihood (GREML).  Since previous studi€s’found that younger and older AFB

have reciprocal relationship with risk of SCZ (i.e. a U-shaped relationship), it is of interest to test if AFB in women
is a genetically heterogeneous trait, for instance by estimating the genetic correlation between younger and olde
AFB groups. If the genetic correlation is signi cantly di erent from 1, it would imply that the causal variants and/

or their e ect sizes di er between younger and older AFB. Moreover, it would be interesting to estimate genetic
correlations between SCZ case-control data and younger or older AFB groups. e UK Biobank data were divided
into two groups by younger 26) and older AFB (26). en, three-variate linear mixed model analysis was
conducted to estimate genetic variance and covariance between SCZ case-control data, and younger and old
AFB groups. e model can be written as

v, Xb; Zg, e forSCZsample
Y, X)b, Z,g, e, for UKBiobanksanplewith AFB 26
Y, Xz Zg, ez for UK Biobanksamplewith AFB 26

wherey are three column vectors of phenotypic observations (one for each data set or group, i.e. SCZ case-contrc
data set, UK Biobank AFB26 and UK Biobank AFB 26). For SCZ case-control data, pre-adjusted pheno-
types corrected for sex, cohort and 20 PCs were used. For the UK Biobank sample, the AFB phenotypes wel
pre-adjusted for sex, age at interview, year of birth, assessment center, genotype batch and 20 PCs. Again, ott
possible confounding factors such as socioeconomic status, and smoking and alcohol drinker status were addi
tionally controlled in sensitivity analyses to check if the estimates were substantially changed. e GREML anal-
yses were conducted with GCFAr MTG24#5to estimate pairwise genetic correlations among the three data
sets; SCZ data, and younger AFB and older AFB. We tested if the genetic correlation between SCZ and younger
older AFB was signi cantly di erent from zero. We also tested if genetic correlation between younger and older
AFB was signi cantly di erent from 1 to assess heterogeneity between the two*§rdveased a Wald test to

obtain p-values for the test.

R e o S

1. de luiver, H., Buizer-Vos amp, J. E., Dolan, C. V. & Boomsma, D. |. Paternal age and psychiatric disorders: A review. American
Journal of Medical Genetics Part B: Neuropsychiatric Genetics (2016).

2. Frans, E. M., Lichtenstein, P., Hultman, C. M. & uja-Hal ola, . Age at fatherhood: heritability and associations with psychiatric
disorders Psychological Medicine 1-8 (2016).

3. Mo, P. L. H., Antonsen, S., Pedersen, C. B. & Webb, . T. Younger or older parental age and ris of suicidality, premature death,
psychiatric illness, and criminality in o spring. Journal of Affective Disord@88, 130-138 (2016).

4. Buli -Sullivan, B. et al An Atlas of Genetic Correlations across Human Diseases and Traits. Natrure @het286—1241 (2015).

5. Grattan, . E. et al Paternal and maternal ages have contrasting associations with self-reported schizophrenia liability. Schizophrenia
Research 169, 308—312 (2015).

6. Pearlson, G. D. Etiologic, phenomenologic, and endophenotypic overlap of schizophrenia and bipolar disorder. Annual Review of
Clinical Psychology 11, 251-281 (2015).

7. Chang, Z. et alMaternal age at childbirth and ris for ADHD in o spring: A population-based cohort study. International Journal
of Epidemiology 43, 1815-1824 (2014).

| (2018)8:10168


https://www.med.unc.edu/pgc/
https://www.med.unc.edu/pgc/

8. D'Onofrio, B. M. et al Paternal age at childbearing and o spring psychiatric and academic morbidity. JAMA Psydlia#32—-8
(2014).
9. Malaspina, D., Harlap, S., Fennig, S. & Al, E. Advancing paternal age and the ris of schizophrenia. Archives of General B8ychiatry

361-367 (2001).

10. Zammit, Set al. Paternal age and ris for schizophrenia. British Journal of Psychid83, 405-408 (2003).

11. International Schizophrenia Consortium. Common polygenic variation contributes to ris of schizophrenia that overlaps with
bipolar disorder. Natrud00, 130-134 (2009).

12. Lopez-Castroman, 4t al. Differences in maternal and paternal age between Schizophrenia and other psychiatric disorders.
Schizophrenia Research 116, 184—190 (2010).

13. McGrath, J. J. et aA comprehensive assessment of parental age and psychiatric disorders. JAMA Psilghiafdty-9 (2014).

14.Jae, A. E., Eaton, W. W,, Straub, . E., Marenco, S. & Weinberger, D. . Paternal age, de novo mutations and schizophrenia.
Molecular Psychiatry 19, 274-275 (2014).

15. Petersen, L., Mortensen, P. B. & Pedersen, C. B. Paternal age at birth of rst child and ris of schizophrenia. The American Journal of
Psychiatry 168, 82—8 (2011).

16. Pedersen, C. B., McGrath, J., Mortensen, P. B. & Petersen, L. e importance of father’s age to schizophrenia ris . Molecular
Psychiatry, 530-532 (2014).

17.Mehta, Det al. Evidence for genetic overlap between schizophrenia and age at rst birth in women. JAMA Psy3,i487-505
(2016).

18.Wray, N. . etal. esearch eview: Polygenic methods and their application to psychiatric traits. Journal of Child Psychology and
Psychiatry and Allied Disciplines 55, 1068—1087 (2014).

19. Lesthaeghe, . J. e unfolding story of the second demographic transition. Population and Development Re36211-251 (2010).

20. Lee, S. H., Weerasinghe, W. M. S. P. & van der Werf, J. H. J. Genotype-environment interaction on human cognitive function
conditioned on the status of breastfeeding and maternal smo ing around birth. Scientific REp6687 (2017).

21.Buli -Sullivan, B. . et al. LD Score regression distinguishes confounding from polygenicity in genome-wide association studies.
Nature Genetics 47, 291-295 (2015).

22. Frans, E. M. etalAutism is Across Generations: A Population Based Study of Advancing Grandpaternal and Paternal Age. JAMA
Psychiatry (Chicago, I1l.) 70, 516-521 (2013).

23. Hultman, C. M., Sandin, S., Levine, S. Z., Lichtenstein, P. & eichenberg, A. Advancing paternal age and ris of autism: new evidence
from a population-based study and a meta-analysis of epidemiological studies. Molecular Psy6hia93—-1212 (2011).

24. ong, A. etal. ate of de novo mutations and the importance of father’s age to disease ris . 2884715 (2012).

25.Crow, J. F. e high spontaneous mutation rate: IS it a hed®t? Proceedings of the National Academy of Sciences 94, 8380-8386
(1997).

26. Haldane, J. B. S. e mutation rate of the gene for haemophilia, and its segregation ratios in males and females. Annals of Eugenics
13, 262-271 (1947).

27.Vogel, F. & athenberg, . Spontaneous Mutation in Man. In Advances in Human Geneffeds Harris, H. & Hirschhorn, .)
223-318 (Springer US, Boston, MA, 1975).

28. Crow, J. F. e origins, patterns and implications of human spontaneous mutation. Nature Reviews Geked8—47 (2000).

29.Gratten, Jetal. is of psychiatric illness from advanced paternal age is not predominantly from de novo mutiuans.Genetics
48, 718-724 (2016).

30.Chen, G.-Bet al. Across-cohort QC analyses of genome-wide association study summary statistics from complex traits. European
Journal of Human Genetics 25, 137-146 (2017).

31.Ni, G., Moser, G., Wray, N. . & Lee, S. H. Estimation of genetic correlation using lin age disequilibrium score regression and
genomic restricted maximum li elihood. American Journal of Human Genetit92, 1185-1194 (2018).

32. Schizophrenia Wor ing Group of the Psychiatric Genomics Consortium. Biological insights from 108 schizophrenia-associated
genetic loci. Naturs11, 421-427 (2014).

33. Howie, B., Marchini, J. & Stephens, M. Genotype imputation with thousands of genomes. G3 (Bethes#aAM#-)70 (2011).

34. Delaneau, O., Marchini, J. & Zagury, J.-F. A linear complexity phasing method for thousands of genomes. Natuf; M2Shedit
(2012).

35. McVean, G. A. et alAn integrated map of genetic variation from 1,092 human genomes. #91y&6—65 (2012).

36. ipe, S. etal. Genome-wide association analysis identi es 13 new ris loci for schizophrenia. Nature Gésietlies26 (2013).

37.Lee, S. H. et aEstimation of SNP heritability from dense genotype data. American Journal of Human Gef84ids151-1155 (2013).

38. Tropf, F. C. et alHuman fertility, molecular genetics, and natural selection in modern societies. PLb8,dx€l4 (2015).

39. Collins, . What maes U Bioban special? The Lance379, 1173-1174 (2012).

40. e Genomes Project Consortium. A global reference for human genetic variation. Ns26168—74 (2015).

41.Yang, Jet al. Common SNPs explain a large proportion of heritability for human height. Natrue Ge42tia65-569 (2010).

42. Lee, S. H. et aEstimating the proportion of variation in susceptibility to schizophrenia captured by common SNPs. Nature Genetics
44, 247-250 (2012).

43.Yang, J., Lee, S. H., Goddard, M. E. & Visscher, P. M. GCTA: A tool for genome-wide complex trait analysis. American Journal of
Human Genetics 88, 76—82 (2011).

44.Lee, S. H. & van der Werf, J. MTG2: An efficient algorithm for multivariate linear mixed model analysis based on genomic
information. Bioinformatics 32, 1420-1422 (2016).

45. Maier, . et al. Joint analysis of psychiatric disorders increases accuracy of ris prediction for schizophrenia, bipolar disorder and
major depression disorder. American Journal of Human Genet®6, 283—294 (2015).

46. Chang, C. C. et aSecond-generation PLIN : rising to the challenge of larger and richer datasets. Giga${20d5).

47.Boivin, Jet al. Associations between maternal older age, family environment and parent and child wellbeing in families using
assisted reproductive techniques to conceive. Social Science and Meds8in£948—-1955 (2009).

48. Falconer, D. S. & Mac ay, T. F. C. Introduction to Quantitative Genet{tsongmans Green, Harlow, Essex, U , 1996).

_oo'TMZ:tT%oio:to_o
is research is supported by the Australian National Health and Medical Research Council (1080157, 1087889,
1103418, 1127440), and the Australian Research Council (DP160102126, FT160100229). is research ha:s
been conducted using the UK Biobank Resource. UK Biobank (http://www.ukbiobank.ac.uk) Research Ethics
Committee (REC) approval number is 11/NW/0382. Our reference number approved by UK Biobank is 14575.
__S‘u L._H(”__(l..

S.H.L. conceived the idea and directed the study. G.N. and S.H.L. performed the analyses. N.R.W. and J.(
provided critical feedback and key elements in interpreting the results. S.H.L., N.R.W., G.N. and J.G. dra ed the
manuscript. All authors contributed to editing and approval of the nal manuscript.

| (2018) 8:10168


http://www.ukbiobank.ac.uk

T.I.(_(x.fz .A:n.f_(x.
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-28160-z.

Competing Interests: e authors declare no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional a liations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

s License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. e images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© e Author(s) 2018

| (2018)8:10168


http://dx.doi.org/10.1038/s41598-018-28160-z
http://creativecommons.org/licenses/by/4.0/

‘oo‘"_(

S<oe‘f’é”¢-<f Tecelho "'—' " =St o> Scf-"c¢... felec..e
—1'Sfe % feEfece APRZETEe Acofete a4 A “fAL-flve '™
f{éa T-17 a4 ‘WERVeSZalgt "tetfe —ZcoA—FAd fa WEEKE
feZcfo%o (BAfa%et HAWER ¢ %" T WIGLPEL OB, T o S0 BXVEW f 7 %' —

Z XX ftiZcet ZPRfofrt e K&E (27— A ffr<s T%oPaf oo

St A tEZSFfXMREf0fS A 19 Ecef,T-S Ha2f . & —f
<%0TXi:i<ufZT AYBAfc.oSf'T " Y% %fhef>r 4 Y. fODf A&

. ew%zpY{dyl <ZZ<f YR Zth et FBe —<© (.%gzgf<'.<.<"_¢ fevats
<—f & f¥a""f—%Sfevia& ff f"™&f-f<Z1> @%F-<-,1"Z> 4
Sf- Tra fretet & A& f'e fZT 4 A4 Ske.. a4 WS i« STa%

'<... &4 a {Eéi—e-T%o oo S %A ‘L, t7— ZUWaAC% Tt Gaeftcet (Gt
f—2Z ‘7eta.fe..o TfYPRY. fete A HEZfASt éthcec . SfIZ FActe'e
Feef-S & 2R <ifemcesf TUHES fIT%ote TP fFTEZT  foewalx@y
coc—="¢e bR ece' S eF et Efe EEH T eS8 Z'tt VFAf—

— " LFla "fee —tVatYott” —HAeS—1I” ... .SIBFiEfe
"(0.09¥é}23é{ fz:to_(of oW'\é__@_""(:toq; }Lé(‘)_n.ﬁo a f‘}‘é_}_‘é)'é_"v
frocZofe BUFT"HZZ “fee— 11 “Heof, t - "fiVafdZes 4 "ot

frcte "HEZ e1'S A4 "Eftefef .. Ste UHALE| (— 7 F A& PettecZf
T % <¥Bf of <tTUSTAoPoZf <—e—cadlAt"ARSFEE “ASffL.. —1FZ<eF &
‘Zte—f& tUf (ZHAT2 S VEfZE—™F T Sfce—cfe Phetfrfe
A foeSY¥UL f7e few@ie S'efe foWPE fS"fe [ _zvazglfect__F 3
[roefedd "foe & Fewafds _f fe HAVE ‘17 4 (JAVES
Cjefeelialvag ot f CeFlE fte A ZZW%RffTdT A —VBEf frAf S«
CETFE e%o PVEfe—tec! W cEex AVASe—,f [ZfYTEAETIFS
ff..Sfefeee P £Sf [ @EZfeetes [T %fS--St™ WhtZFZE¢ &
iooi’l‘W)V awve éWWJ/T :t) S’W_Q_’O(_A_QCE_{.{%O f(n( Z\Nwéoof :to a o‘WTWﬁZ:I:o
tT——cof “datfct——ceo WYA caasffe—e"t7f WWZ (faefctatetZ' "fa
—f . e"VA eef A PERZIZf—Tcof XVAWHN kewas 1 ST vEwa%'Sci &
LeggeVa f7ef" % "VV!ta’fp’éf‘§,<7.}az<-éavv°]i‘w><é — % & THXE« [ o>
<F,FTef%E TE-—Zfef <Beeff"etZ A (98GR ffest — VB el —o!
Uset "Wl «Zfe Pratef-"ce & & f%a-i«w-a PRE™Z" %o f + %" <17
fo“—%e “FEZR fWV-éfo~—¢Z f-rrSRRAUVEE " —te  f—— VIR Z

‘ ¢"— a .. PYTHycZe . CepETet” iTM a Lwysaw(Sfetrf P&t
f”<- & PAETZf PIZ¥oS%o < TV BV F“—1727% & tSVIPEE f-t7>
et "t i—‘wfi—f—"<...<f Zaéwé'.“(§<(¢v‘(%f.«é"f <Z\/\7‘Zé‘”7‘_.¢. i i
T e A& kA Zf WAXAHIW R fe 3 WZE'S,ce A4 —WIHfsef@ <o
TredsWzA FU_"fe OZZtMelapdl&elf e WA %o '” FVFE <i.,'"fS &
Troe¥38 fUfZT Pdaftes—co & VP ToFet cec—c¥Wfge fodf
cofe, ful eefZct WO Cof T ST 0 fEEf Befei —eTAféte—S'es
i T<HB feY%ome WA Se ZVA.>cot FWHH (o foWZRAW) S et
fe—FZ8VE T "%t A& f'f11eac—T1%< XfAZtef feS‘®feel. . . St7% &
f-WWE ccof A (Zo f FTE .. BIAZ T foof... B HEPRceZ Z ¢

CE—<Z Wy ‘ef _Sfe Ugeet t™ g * WH B s™MHZ Z o te FEWIZ
oo A —TWT"SF—e A a7 —WETHemce A feowAB L fSfo
e . SteZV@ %" & TR ZISfetd” AWA..SEFf & Y e fe'e
C—eerdawl 9,7 fe A WAt fZMeEf fZfe & feME"L7<..S
LSHPIVEY STce—cfe A VWIASS - 4 TS MZeeizZZt awaSTyrrt A
LtZeAL dT ety A TYAWMIWEIXF T, PRI (feS(VIAS %o, -
Gho—" T feo—"foe R %ol oot & ZTEMHf of « %o (Mae -7
ZiecoodWg " fe § -'aZéZ:I.“ae SteDa s <o & A WHae . Zt” alazffS7
"fceo —FTfMEe—f > —F R, FZUf,E-S M%efeeSf T H A fr,
—" e %o VFAVAY fof _"‘§~.vg<a" ,_,‘__wx@”e_'gj) — " [ o fffee f

— <o fFEC " f%fe A Udfwe..d oofLl&d ™o [a PAf oo
S<"— o FZf <" % f ‘VWYBITFFfS Wfa—'—Sf WeEATZfSe f1tc<%d'e
Tre— fZ%HR f< V8o <foe%o W% 'ftZt> &lat.f"e 14&5&”

«<i-1" a <2TV!L"éf-<-%o’ttZ a W‘ﬁZ(—ﬁ:"éf°<¢ 5%2(—}‘$5éf°<¢ “H o(——

| (2018) 8:10168



free & '2a e<Z> A& A& Wsfet'e A MAL>—fZce WA Ziefe-—
A& FCAa —f <o Bhe%— (VACfS —F PR E—1" 4 & . BT
TiZ oo Zf & ot ¥TVAES —%Zfe A A “IH .2TVFT PE e'ef’S

a4 —§,prawazgveettre i powgbAlawzete  LQva-agyr r 7 RS e«
ot et WG (feetZ "t SrPAHYe Slawdaccagy-f 7 4 f@Haf«..SftZ
Zd — %S L& ZSV%s—<of A YYAZfofsr ™VE_feete A [, DEwelay-gaw:l
"co A Uewlay teet S 4 WRTZAT %ot WE T e By SUVgWt t

To WORAW BV — % Zfe axva%o»%o o VB «f c EUAFN 7 &
fZStwmpawegVv_t e g lareFZi™ | (L& <ZEee”t” A fR,fe A
T feeAXVEWT, £ g *m% fre—e a VASter7 & Y$9&2..S5f12Z
& TMWVAEW frer  fRacawdy fr7te FVWE _f  t> & HavvweBtfectZ7t
fe— S wpaxvidggvl fr 77 f "t - i6t@ Al tpe —EER.. - A
Sfelaz-agwefet7f ~WPpBl frct —&ALfftZ & T VIPEofthe &
TetZfVha Stefe fX9%Y28v: f7e AREs f-"c.. o AVAUPEf.. SftZ &

T ‘et” f.wvaww

CefZs—c.. fot "feoZf—<'ofZ Foet—c..o oc—A foof..S—ef——e fef"f7 ‘o' «—f7
I —feZt> fe—%" "7 o5  Scf-="¢... teff”...84 "'ft ee—c———% *° fet f"°F"
&Medical and Population Genetics Program, Broad Institute of MIT and Harvard, Cambridge, Massachusetts,
vXxwzxa Psyhiatric and Neurodevelopmental Genetics Unit, Massachusetts General Hospital, Boston,
feef - S—ef——ea \Newrmpzsy:hlatra: Genetics Research Group, Department of Psychiatry, Trinity College

—,2cvd — 7o A"MRC Cehth‘foﬁl‘aeuropsychlatnc Genetics and Genomics, Institute of Psychological
:tT(...UZt fe T Zeseo fZ f—7 -...<i"...i'a .S Z 0 ttc.. <o a "Mdtibnal Centre” e <—>4a
Y fe—f7Z tfZ-Sa& [t i -<—>aWYfZ¢<.<aZZ>xizr 4o fa> «<ec—tta "7 ‘'
—eece%S<Z27 ‘ftA <etZte Sf a4 —vgpdialaGenetic aindédDevelopmental Psychiatry Centre,
se—c———1F 7 >  Scf-">4 <o%is ‘'ZZ%% T “&dntewfor Bidlogidal SEquende Analysis,

T fr—efe— 7 se—tfee ‘Z'%>& t..Sec. fZ ec"F"ec—> 7 t o« fDivision efko , > &

St L Te Z %> fot Fe—%7 " fec fet TfesZfoc'of2Z L fec—> Feff”
foef ..S—et——ed VkW\iladeted *~ Zcoc..fZ fT—"'e.. c<fe..fd > .. Scf-"> t..-¢

WIWH| & —‘ .. oS ZeYt™MitEsda— *° o> . S<f-">4 <fe'sSEtect— ‘e'«—fZa
w~ a Toete Foe—"1% "7 o5  Stece Feff" .  SA4 ee—c———%F " Zcoc..fZ Ftc..<

"TMEYETe—"t "7 e—f%"f-<"f f%<o—1"a,feft feff”.. 54 4 [ S—e oTf7
X"f—<‘-f2 fe—"f "7 f%oco—F"a@, feft feff”..84 f'S—e ¢Sk >4t AT oW\

et fmcte ec—cf—<"F 77 et %" f—< "t e>..Sc<f-"c... YSthtp'MerahHospitala f”S
~{{zva ff"4 ¥Departrient of Psychiatry and Behavioral Sciences, Stanford University, Stanford,
fZ< 7o fa «zy\Hapartmént of Psychiatry and Behavioral Sciences, Atlanta Veterans Affairs Medical
te—t"4 —Zfe—fa 1'"% &Péparimentyd Psychiatry and Behavioral Sciences, Emory University,
—Zfe—fa T % «<fa*Wirginia fstitute for Psychiatric and Behavioral Genetics, Department of Psychiatry,
CY%ococf teete™If7_S ec"fF"ec—>A <..Se' e PAlinit&Neurpstienge, Max Planék Institute
Y Ftvcete—fZ ftc..<otd 'F—— <o % tRdparinent &f MeticAkGanetics, University of Pécs, Pécs,
@}|xz4 —¥%FEraf% ' —Sfc¢ fTeff’..S Fe—f"4 e<"F"ec—> ‘" YBepartnentof+d @}
tte.fZ <ttec'Z %> fof <o—foco—c..0d f[7"'Zcoosf oo_cYDephrndentof.. S 7
> SAf="2& e TETec—> N UM frogr (773 %F T T <L YUnivérsityMiddical-Gentet ™ f 4 {
Ptece%oted FfT—ete— 7 o5 Scf-"58 e f"ec—> T "tece%poted "'ecoe%Sthdol ae}vy
Y Ve e%d ‘—cocfof —f—F ec"t’ec—> FfZ-S ..c<te..Fe Te—FAMINGUIMA"ZE e
fr—cets Fe—t"4 foeef . S—et——es Fei”"fZ ‘e'«—fZa ‘'e-YE@nich forfBraib Secietce-+a vx
fP7f"t o< d7ec—A fo,"<t%tda feoof.. yfﬁ)(—:-\\t)eu:ltnt}emefIi?symhyatryaMasaachusettsGeneraI
f.

‘e'c—fZA ‘e—'ed feo .S—-iyi—iawwa-za cH.LScf=">a e<Tf"ec—> " fZTecf
fo "fe..co. t& [Z< e dfiiversityzMedical @enter Utrecht, Department of Psychiatry, Rudolf
f%oo—e ee—c———F " F__"'e _<Fe.. T4 y{~2Bepartrhent®tHumanGenetiGsttahhSchéol

U Ftiicot f—= f—e— «ofcd ™ ‘7ed HD®pattineitof Peychiatry, I&ahn School of Medicine

f— ‘—e— <ofchd F™ "eq ™ IvdpWEvXeA—fAcE" tT— ‘—""f> feot wv}
Ftocofd }yvwa 2EpE iffefE —efe fef-c..ed [Tt tite .57 7 tt«
[Zmecfa ‘o 2%otZied [Z<™acPaoe Ve cf aTetf"..8 ee—c———14 >tet>a
2 .87 0 a5 L Sf="rA ecTfTec—s 0 k™ S fZtedl STV A, fRXVYPWA s twia”
“o'(—fZA e<"t"ec—> ‘" —ffeeZfeta "c<o,feta Zlnsﬂtutepstyclaolagy}@Ianese-— fZ
o fTEes 7 Lot @Bt fW v viveww'd Sx0f31<f— & <« f Sc<e% f..—Z-
o <TETec—> T fe%o ‘e%0 A ‘e% ofled $!°ffé,,"f— T fce fet fY%oe<—<TF L cF
fo.—Z—> """ ttc..<ofd St ec"Fec—> " %BDepa?étmento%omptﬁﬁmménoeflamversny
=S [riZefa S{UEZ ZZa t-SUfps zz¢fa¢x}{Wza fza - wnskatedt Scof a
Te—fZ FfZ-Sa& <o%of "t {y*HZfd-«F¥%of"" SCf—">A feSce%o—‘e e<E"
<es' —7"ca |ywviDépartmient of Child and Adolescent Psychlatry, Assistance Publique Hopitaux de Paris,
<"t fet fr<f —7ck f...—Z—> Coftciicot et ee—c———% " e fZ77¢%ofe—
(27 —% ‘—f <e.cfe. fed Ve f-'ea HD¥pardmentohGendirs, &nivetsity of North Carolina,
Sf'+72 <«ZZa *"-S f” Z<-fa{$D]ebaf1me)n¢biBsychaloglcal Medlcme Queen MaryUnlverS|ty0f
Cetied fetied w WO AZEA —Zf" o> Scf="> f.Uf=""ra <cocte N e Scf-">4

| (2018)8:10168



ettea w | AU &, f Fte..fZ te-fva 17 f-é“i:t”’éf”{aﬁkwé e Aa..cA
feo fe—374 @m{ywx}d ‘Wes—fZefasB '~ —ofe FTef_c.. 04 eI ec—> 7 ‘eed ae{yv
W Zekt ‘ZF ... —Zf" Fe'ec..e ec—4 Prfr—ete— 0 ZFf. —Zf" fet—c.. & o<
1Z7% dp&-"1 "7 e—1%” f—<~¢ te—dFe.co%d < & f"S—e < 1"Repaftment ~vvva
O cteftc.cotAd A f"S—e eTf"ec—>4 @~ uVé— [PSflecta e frwASf-"54 o<
—Stee ftte..fZ ..S57& —Si‘-{DepaMmqmefaDsythlatryiblnlversuyCoIIegeCork Co Cork,
"EZfRHAf —ete— 7 fTc. fZ Fet—c..ed 7' e<"f7ec—> ‘iCegnfidebGenexiasiand 7 a
Therapy Group, School of Psychology and Discipline of Biochemistry, National University of Ireland Galway, Co
fZ™f>a Dépastmant of Psychiatry and Behavioral Neuroscience, University of Chicago, Chicago, lllinois,
[viyta I'Bepartment of Psychiatry and Behavioral Sciences, NorthShore Umversnty HealthSystem Evanston,

ZZ<-‘<-a |[vxWwa f"—ate— * ‘ege ‘ee—ec . f,ZF <offet <tFec'Z'% A ‘et‘e

fZ ftt<..<etd ‘et*'ea 'Depardmedt of &hild and Adolescent Psychiatry, University Clinic of
>...é<f—”>é. e ETA WYV f -ttt e fae> . . Scf-">4 o< "t ec—> " f%otee,—"% &
TrefedA ' fr—ete— ° fei"fZ "f..—<..tA FZecoec o"F"ec—> fe_"f7 ‘e'«—fZ4
— oS Zefeefo— ~ A4 @®VVVWZE ‘ZISiZeqdhr deeZffrt.AS fe—t"4 ettt
ffr—efecosf—— ~4 @vvxevall #Zq‘uféé -«-—Zf—-—téi St 3 f72-S fet tZ2°f"ta
f7eceecd JLZf-ﬂ'Zf—(‘-fZ t...Se 72 % «<te fel «<'ce™'mef—<... 4 éf of Feff”
‘jefe@ f ‘..Sta e@zv}va f- i}IZeparfW\en{(ﬁPS)Z:IﬁlatryaGeorgetown UnlverSItySchooI of
tte..cotd feSce%o—'*a q RVAVate—a" .. Scf-">a t.. 82 ftccot

‘— =StV fZ<'ecfd ‘e e%otZFed yﬁe«p‘a‘rtmerﬁéfPsyclyigtéy,VirginlaCommonweaIth
e <TE e .87 ottt C..SetetTH te Yo FADYK e F47 .8 <oFA foS
Fte...fZ Fe—1"4 f[+Sce% —"+&Depanmenkofé&senetic Epidemiology in Psychiatry, Central Institute

C te—f7 1f7-858 tt<..fZ f..—Z—> feeStced o"t ec—> " F<t1Z,1"%4& <t

XY fr—efe— 7 fef_c.ied o<Tf"ec—> T TleceY%oted e<"IVec—> FITc..fZ Fe-"F Ve
T—SE "Z %A —ete— " o> L S<f-">& e<"F"ec—> '° ‘Z'"ftt fe"f"4 =Céntefor ‘Z'7ft
F—" L ESfTCNfZ tef—cicd fefZ ee—c———% 7" f_Ttecfet fet —efe
o tZFed [Z ecfalofofdeted ™ o> Scf-">a4 o< f"ec—> ' fZZiBivislonwxa f
> Scf="¢... felec..ed f'f"—efe— " o> Scf-"54 ...fSe ..SZ " Ftc.. o]
T™ "ed WVVXFRT fB-eFe— 0 o5 L Scf-">4 e "F"ec—> 0 —ec.. S@Depagimehts —ec< ...

et ‘Zt..—Z2f" fef-c..-a 4 eo—c——— t1 >°2°
_8 tetf".. 8 fe—"tA —eecfe ftter " ftte..fZ

Coes L Scf="s fof —'f'fZ
frd——c.. "$fa feeefe Feff"..S fot $7fZ7efe-4
Z

frecea Hvwya  tpef2
—eefR—""0 cFe f
W fttec.. fte..fZ

. o= e(TFVec—> 7 ee_f"tfed f'f—efe— ° o> S¢
T-St"Zfefda—ecofd [ ‘ZZfa& fZ<"ecfa"Nfishiwute bf BjofogicahPsyehiatryaMental Health
fo—"% .- feed fte—fZ tfZ-S f" <. te teSf%oFed 2 YciStfe%oet « Af < o0 Z YV Y-E—:
o fSe 897 7 ftcicof fo f—e— <ofca f™UUeATffMe "eat VYA Teat”a
:::TM ‘".a :::TM

"+ & w VRrjoriy Resdarch Centre for Health Behaviour, University of Newcastle,
t™ . fe-Z%4 a4 xy v-s&hoelef-Elgciticdl Engineering and Computer Science, University of Newcastle,
T™ . fe-Z71%a a xy v-Divisienof Medicdl Genetics, Department of Biomedicine, University of Basel,
fetZa ®zv{~4 ™Depaarhéit pGenetics, Harvard Medical School, Boston, Massachusetts,
feef..S—ef——+4a VBactidréof Neadnatal Screening and Hormones, Department of Clinical Biochemistry,

se— o7 %> fot fef—c..ed —f—tfee F"—es ee_c—— -4 “'Dephufrier ohPsyehiaywva i
—@«—f #fZ-5 +'ecm> 897" Itc.<fa “Regidnal Centrs fai ClifiabRescexch f'f
<o o>, Steced Ffr—ete— " o> Scf-">4 —f fedot” <717 -<—>W"Rhé¢mﬁtﬁlagvawé
tetf”..S " —'4 f22 T‘l‘i,,"‘° fc-if". * » — «— Ceitée fof Medical' Rfsearch,Tpé¢a * f
cTfTec—> T fe—f"e —e_"f7c¢fa ” Wéﬂae Pdrking &nstitute £0r Meditéd Research, The
ecTE"ec—> 7 Fe—fTe —e— fZ<fa 1 Wsihapartmm@fMecheaTG@eﬂE MedlcaIUnlver5|ty,
ufa wzywa “LZoffrefa— ‘" S 7 o> e TETec—> 7 ftr o —Zttra —2Z71:
WY-fe' $77 fec<Z> te—fZ iva—é teff”..S ee—«——_14 -’F-—”-’FA” Tre..—c'e fof
W ~& fofYEBf"—eter ° o>  SCfo"3A e tTeco> 0 Te_'A4 "te_tAWMMStiflte bR { W -
Fte. fZ ..cke. td e ec—> T Ute_ta 7e_' aAWWMstifite Oh Mdlecwar-Genefiest T f &
—eecfe L ffTEes T e ted e M™MAWRyWE AT oflfatetf..S fot ——1>
Wv|}a f‘”"”@f:ﬁ —efe— 7 > Scf="> fet «ZeSf F—""%ofef-c..e se—<——-Fa t.
C_Etre [T fA e %o lZted WP ZeZfA SWVEFA. <A (Zec—e ocT%
(Zoc—od <WEHE ficfle— 0 7 %> fol FT<..fZ fet—c..o& xot f..—Z-> " %t

‘—174 W{v v]|a 7 f % —ta “epart@entdt-Child andidolescent Psychiatry, Pierre and Marie Curie
foieZ—> " ffc..cofa ["OVE pfvamya "fr—Fat fTTc.f2 .5 74 <o%f''"ta

wWeprfr—efe— 7 o> L Scf-">a ftfeefSa f,7F™ e"f"ec—> ftc..fCentefor”a i”-
Toetec.. .<te.fed St ecTiTec—> T ‘e% Wilertal He%ith Cestsciand RPsyfchiatric

o7 f="">4 fe— Scof ‘e'<—fZ4& <..5—fe e<"i"ec—>a IPepartmerdt ofwvvzw
(‘._f_(._(___.é ‘é.. ‘lecee ec"f"ec—> Z“',,i"%o ...é“Z ‘r _,,Z<--- ifz_éé
WXXEO fT_ete— T a5 [ Sc<f-"54 ‘'Z—e,<f e<"t"ec—>a t™WPlierty Clefitre fdred wv v
"feeZf—<'efZ ft—"'e. cte.t fet te—fZ FtfZ-SA < fec—> ‘" f™ _ fo..

"’Bepartment of Genetics and Pathology, International Hereditary Cancer Center, Pomeranian Medical University in
®..;ef... e é }v ez{ya Wcﬁ)epaﬂmenkofé\/lemhlfHehﬁh and Substance Abuse Services, National

-°—<———¢ Tt ffZ-S fet fZ27f"1a yva “Wibapantherdof MéntakMealth,Bldgbety
LS Z 0 —Z<. £fZ2-8S& See ‘teces o"fi"ec—>a [ PDepartinént gBsyghiatrd, x wx v {
ecTE"ec—> 7 teed m{ywx}A W¥ e —IFefprA‘efZ t1 Zf 1..S%7..8F .cte—<"«

| (2018) 8:10168



tekx—<"—F ‘Zx .. —Zf<t T3 Zf f—"'—"feeecoects F— THe "ifee—e F_"Tx%=
HVWya free@Wxodfreflddifeo— "~ fe'ec.. o f_Stef_c..e4d o< f"ec—> 7 ‘eed a{y
WyVied f7...S ec—& P"Zfett- ‘e’«—fZa& z|v¥Beparmentfof Peychiatry, Hanfard Medical
LS ZA te—ted feof S—etWXelwxwWEAZ-F f"F se—fed "' e—‘ed feof .S
AWYYE [ —efe— 7 o5 L S<f="2A f-<'ofZ e f"ec—> ' "I 7 fe@entfefAr Gognitive fZ ™ f
%ofco%o folT ‘%oec—<" % "ctte< ' Z %A o< E"ec—> ‘T e, ’”[%VSIanofR’syC*Ha’t%an W
T ec—> ° tee,—"%SA& tco,—vMitision oivMental Health and Addiction, Oslo University
‘e’«—fZ& vzxza «Z"YMassadhifsedts Mental Health Center Public Psychiatry Division of the Beth Israel
tf..tefee ftc..fZ fe—1"a& ‘e—‘ed feoof"EStoniah Gendme Qenterz @niversity of Tartu,

f”——a (VVoVaY oo SCA o 8 7 %erd eTHTec—s I e 714 ¥YTMefe_7%

> Scf="¢.. Zcoc. A FTtre.fZ e i RS Lwfé—way Y AS —Z W KA —> '-’<—fz
<---‘~a Feofddf —ete— 0 o> Scf-"0a >fZ ‘ZZ1%F T —"%oF Wcoodho T Zf o
77t%t etted ‘eted W{ffea"CA 8- e"tTec—> Ftc.fZ fe-"%a ‘—-5 <
teff”..S feot Ff..Sce% T-_™'"ej 4 |xx+ & fYAhstitute.dd Fransl&tibnalt — S 17
TTe..cotd o< F7ec—> 0 (TEVUZA CHWHVFEZE fleye @e—8———1 7 5. S<f-">4

TrefeMdl —ec . S Z—e—f" "7 se_fee T —"'7%> > 17 %0 > “dDepanrygrit of — e ¢ ...
> Scf="> fot o> 8 =St "f'ra fef ec"f"ec—> ‘e"Depdrtnen} pzPsychibmfa 17
Queensland Brain Institute and Queensland Centre for Mental Health Research, University of Queensland, Brisbane,

—FteeZfeta - —..<¢f AP fd—te—"fZpa. Scf="> fot FSf <"fZ ..<fe...
ec"F"ec—> ..S'Z " ftc..<eta fZ—<-‘"iQ’(Befﬁaxmiﬁntmny/ahaarti{yaTrlnltyxCollege
— 20 d — 7o WAZ LAt E ot el fesd «ZZ> VU f—F Fe—f"A etc<fef'tZ«

WY fr—ete— ° Zcoec. fZ ...<¢-...¢-a o>..8c<f-">4 +fn < “iDEKECHAEarlevw -
e—f""Fe—<te F"Tc..f "' o> . Steced Zf . WCentredor Public Heakly Intitutef ofiGiinical
cocte L fed —tieie o Tfvec—> TZ7fe-Wll AP fe 4t WX-#ZE f—c'ofZ [, "f="">
2 Tedf = FUetZ354 fUetZF>A VWA« Cacf At o x A SH —">A4 <o %o ‘ZZF %t
{ ~ & “#elbourne NeuropsychlatryCentre Unlver5|tyofMerourne&Melbourne Health, Melbourne, Vic,
yv{ya —-W{'“ﬁ.Zfraoio— e W Sf=T"rA eTETec—> T fZeceeca ‘S {eva e&vvv
WiV Z¢... tfZ2-S fetec..e -<—é. f-<'sfZ ee—c———% """ FfZ-S fet $Z°f"ta
wiwg te fZ f..—Z—>& o« ;t”-<—> 1 Z % f ¥ Départment oBPsycHissy, Uhiversity 6f, Ngreh
fr'Z<«efa Sf’iZ <228 '"=S U ZNFhex}fe@IW|VA ZH.. —Zf" FTTc..<ot <oZfet
N fZeceecd ‘§ xva aevvvwzé!lbémlltmem:aiprrcEmroiogy,HarvardSchoolofPublcheaIth
‘e—ted feef . S—et——eHlluX WA - 4" > . Scf-">4 e<"f"ec—> *° §°'"ta 8"
wI/irginia Institute for Psychiatric and Behavioral Genetics, Virginia Commonwealth University, Richmond, Virginia,
Xyxe~a Wlge—c———F " 7o fZ% <Z'%>& ..fSe .87 ttc..cof f- ‘—

a¥IPharmaTherapeutics Clinical Research, Pfizer Worldwide Research and Development, Cambridge,
foof..S—et——ecd VKWYFA—eté— ‘"~ o>, Scf="> fot 5. S —SF"f'>a4 o< f"ec—>
U——ce%oteod ¥Meaper&cf—"> fol o>, S =SE"f's Zcoec..& o<t ec—> " "Zfoedhote:
WIW__e_ £ 3™ e%Zfet ffZ-S F""<..ta 1™ . “Schdotdf BiondedicahSciences, —" f Z
ec T ec—> T F™ fe_7%a T™ . fe—Z%BRivisioA okQancer Epidemibfogy dril Genetics,
f=c<'ofZ fo..f” eo—c———F4 F-Stetfdef dZofobad xvadBafeta fete'«—fZca f—
‘e'c—fZ& wWvwa 1>+ @ DepedtmentbPsydhiatry and Drug Addiction, Thilisi State Medical University

& yya vw}la < Z<VUE e TP %G H ot TTEZ 0 ete—a "'e§ F—%"fee [fc"e tt<..f.

™ ved Wyvz|VYHEZA.. ‘et T—e— fe—"F "7 —efe fef—c.. Wéde@ODE’r(aenetycs} a
WVWA TreEf VBT fr2ofbeta” Zcoc. . fZ F—"'2'%>& TTc..fZ o< F"ec—> " «
WVt ET se—<———f 7' Vfce f£THZete—4 fZ—ce'"Paéparfiient plMedicahGengtcs, &
o<t ec—s ft<.fZ te="F —"F..8-84 e<TiTec—Fc—e™i% varEerMhimHeélthearé S-a
et focte T—e— & "f .. eeFZTEL. MX'W A A . Scf-"54 o<TFTec—> 0 f" fa y}w
Wezpo fY_ete— 7 ey  Scf-">4 e<"f"ec—> '° —7—4 ‘@*@mivaréityHoZpitaéof@ulwvza <o
‘S XV4& svvXxed 4 — 7 MdleculaZahe Tallular Therapeutics, Royal College of Surgeons in Ireland,
—,Z¢e x& "IEfE+S ﬂ;-if”...é “frtéa wsSchoel of #sythidtfyahd Clinical Neurosciences, The
<t ec—> T fe—f"e —"f2<fé t 7 YEampytational SeienedsfCHE f Bfizer Worldwide
tetf”..S feot %~ -’FZ"-i-—a fe."<t% T a feo¥ MuBan Geneties Genanye lastitutd of
<*% f''"1 4 4 <<% f''"ta wy Texa Tox%oof AT Yot ‘eT'ed ‘et 'ed w
Wexgrfr—efe— T f—"'e <fe.Fa fSe .87 7 Ftc.coet f— ‘—e— <eof<A
WeYee_¢———f 7 f—"fe cFe.f fof Fteo.. oot ®w a Feff”..S “PepdrtmentiZ«¢..S
“C fef—<..ed ST F,"F™ e"fVec—> 1 —ef 7 ¥¥eurosciorcé Discoveryfahd e 4 o
"feeZf—<'ofZ "tfa Sfref Feif .S fet [f"Z> f71Z'ete-a ‘jefeee f ‘.S
w-Centre for Clinical Research in Neuropsychiatry, School of Psychiatry and Clinical Neurosciences, The University of
te—F"e —e_"fZ¢fad tT<..fZ Fetf”..S ‘—etf-<'e WYhdinia%asdtituteferSa |v
Psychiatric and Behavioral Genetics, Departments of Psychiatry and Human and Molecular Genetics, Virginia
Ceete ™7 8 ec"f"ec—5A ¢..Se'etAd ("%SEfAKYyXPeA s B ———F "7 i
feSfesft—a t™ ‘"ea WWweWvE -af & L8 Z 7 ftcicetd fere—ffta f™
XSt et <«ZZe<tt ‘e'«—fZA Zte fosiSaw Sveé Hotk Behwal pfdPubliéHealth,

foc<'ofZ ec"f7ec—> ‘" <-%of"”ia <* %o f ' * "FQueensldnd @enire Yar MeftakHealth Research,
e ec—> 7 —ii--Zf ta "<e,fetd zv}|ef“’€emie¢k)f]§|¢imaraGenetqcRefséarphaand
Frfr—efe— " .Scf="54a fo-f S—ef——e fet"fZ ‘°’<—fZa”Bepartmerﬁoff
S<Zt fef T z¢-. te- W Scf=">a Tfee—e Tt Tec—> fte..fZ ¢-—"¢a
xvHepartment of Complex Trait Genetics, Neuroscience Campus Amsterdam, VU University Medical Center

| (2018)8:10168



se—F"Tfed ee—F"Tfed Wv~wa SH TISHEIEAfeTed—o. . —'ofZ fe'ec.. 4 i'—i"'”" 1
fot ‘%oec—<"t feff”...S4 F—"'e..<fe..F foe'l—e ee_f"Tfed et ec—>4 es.

Whec fvec—> 0t tEfed ee—«———% 7 fteo. fZ .. <PVDepartment$ bt Rsyethatryx{ x &
tT—"'7'%>4 t—"'e..cFe.t fof eo—c———F " fef_c.. Ffo..cefa 'See eces
XWXV{& ¥V'& ' fr—efe— " Zcoc..fZ ttc..<otd o< t"ec—> " “"FeSf%ted “"feSf%:

| (2018) 8:10168





