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Creativity represents one of the most important and par-
tially heritable human characteristics, yet little is known 
about its genetic basis. Epidemiological studies reveal as-
sociations between creativity and psychiatric disorders as 
well as multiple personality and behavioral traits. To test 
whether creativity and these disorders or traits share ge-
netic basis, we performed genome-wide association studies 
(GWAS) followed by polygenic risk score (PRS) analyses. 
Two cohorts of Han Chinese subjects (4,834 individuals 
in total) aged 18–45 were recruited for creativity meas-
urement using typical performance test. After exclusion 
of the outliers with significantly deviated creativity scores 
and low-quality genotyping results, 4,664 participants were 
proceeded for GWAS. We conducted PRS analyses using 
both the classical pruning and thresholding (P+T) method 
and the LDpred method. The extent of polygenic risk was 
estimated through linear regression adjusting for the top 3 
genotyping principal components. R2 was used as a meas-
urement of the explained variance. PRS analyses demon-
strated significantly positive genetic overlap, respectively, 
between creativity with schizophrenia ((P+T) method: 
R2

(max) ~ .196%, P  =  .00245; LDpred method: R2
(max) ~ 

.226%, P  =  .00114), depression ((P+T) method: R2
(max) 

~ .178%, P  =  .00389; LDpred method: R2
(max) ~ .093%, 

P = .03675), general risk tolerance ((P+T) method: R2
(max) 

~ .177%, P  =  .00399; LDpred method: R2
(max) ~ .305%, 

P  =  .00016), and risky behaviors ((P+T) method: R2
(max) 

~ .187%, P  =  .00307; LDpred method: R2
(max) ~ .155%, 

P = .00715). Our results suggest that human creativity is 
probably a polygenic trait affected by numerous variations 
with tiny effects. Genetic variations that predispose to psy-
chiatric disorders and risky behaviors may underlie part of 
the genetic basis of creativity, confirming the epidemiolog-
ical associations between creativity and these traits.

Key words:  creativity/GWAS/polygenic risk score/ 
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Introduction

Creativity, generally recognized as a significant driving 
force for the mankind, has been widely studied by re-
searchers from multiple fields yet remains difficult to ac-
curately define or explain for scientific purposes.1 One of 
the most commonly accepted definitions for creativity is 
“the capacity to produce new or original ideas, insights, 
or inventions” 2 or elaborated as “a process of becoming 
sensitive to problems, deficiencies, gaps in knowledge, 
missing elements, disharmonies, and so on; identifying 
the difficulty; searching for solutions, making guesses, 
or formulating hypotheses about the deficiencies: testing 
and retesting these hypotheses and possibly modifying 
and retesting them; and finally communicating the re-
sults.” 3 Creativity is also regarded as an array of multi-
dimensional intrinsic and stable characteristics4 affected 
by genetic factors, personality traits, cognitive abilities, 
environment, and certain social context.5

Although creative individuals are usually described as 
seekers who take novel or insightful approaches to solve 
problems,6,7 many of such people may be also well known 
for the accompanying unstable emotional and psycholog-
ical characteristics. Indeed, the association between cre-
ativity and mental illnesses is one of the oldest notions 
in the psychiatric field,8,9 which has been epitomized by 
Aristotle who remarked that “no great genius has ever 
existed without a strain of madness.” 10 This hypothesis 
is initially generated from early studies assessing the 
prevalence of mental illnesses (eg, depression and bi-
polar disorder) among eminent creative individuals and 
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investigations of the creative abilities in psychiatric pa-
tients and their relatives,11–14 and has also gained support 
from recent epidemiological analyses with large sample 
size.15,16 Moreover, MacCabe et al found that university 
students in artistic majors are at increased risk of devel-
oping schizophrenia, bipolar disorder, and unipolar de-
pression later in life.16 In addition, creative persons are 
often described as risk takers, and accumulating epide-
miological evidence suggests that creativity is associated 
with greater tendencies for risk-taking behaviors.17,18

Tremendous studies have attempted to explain the 
concomitant presence of creativity and certain psychi-
atric or psychological traits (such as psychiatric dis-
orders, risk taking, and affected cognition) and thereby 
to explore factors affecting creativity.18–20 Earlier studies 
proposed that the shared divergent thinking patterns or 
cognitive styles might explain their associations.21,22 In a 
recent landmark study by Power et al,20 the authors dem-
onstrated significant genetic overlap between the diag-
nosis of schizophrenia and bipolar disorder and career 
choices of creative occupations (ie, actors, dancers, mu-
sicians, visual artists, and writers) in Icelandic subjects 
(1,024 artists and 85,268 nonartists) and European rep-
lication cohorts (273 artists and 27,072 nonartists) using 
polygenic risk score (PRS) analysis. They showed that 
higher creativity was partially explained by common var-
iations that putatively participate in the genetic risk of 
psychiatric disorders. Therefore, uncovering the genetic 
basis of creativity could prompt our understanding of 
its biological foundation and provide insights into psy-
chiatric disorders and even other traits potentially linked 
with creativity. However, despite the prominent success 
so far in disentangle the puzzle of creativity in the man-
kind, amended strategies are still considered necessary 
for future studies.23 For example, artistic or scientific 
professions have been used as the proxy phenotype of 
creativity in earlier studies given the difficulty in its meas-
urement.12,15,20 Although it is commonly agreed that these 
occupations do require high level of creativity and ensure 
generation of creative products, career choices are not al-
ways made independent of any mood or psychological 
factors. For instance, a recent study argued that “art or 
music may be used as a therapeutic treatment approach, 
or an artistic lifestyle may be more compatible with indi-
viduals of psychiatric disorders.” 16

Here, we apply a standardized self-assessment test24 
to obtain the quantified creativity scores from 2 inde-
pendent cohorts of general Han Chinese subjects. The 
creativity scores of participants from both cohorts follow 
a normal distribution. We have conducted genome-wide 
association studies (GWAS) for 4,664 participants who 
passed quality control (QC) using the linear regression 
analysis and have performed PRS analyses using the 
classical pruning and thresholding (P+T) approach and 
LDpred method to explore the shared genetic attributes 
between creativity and psychiatric disorders, multiple 

psychological and personality traits, as well as subcor-
tical structural features. Through thorough genetic ana-
lyses, this study provides hints for the genetic foundations 
of creativity and the correlated phenotypes in humans.

Materials and Methods

Sample Recruitment

Creativity is considered an array of multidimensional 
intrinsic and stable characteristics with moderate herit-
ability (~22%).25 To evaluate an individual’s creativity 
based on their typical habits and behaviors,24 Luo et al 
(coauthor of the present study) developed a typical per-
formance test (TPT), a questionnaire constructed from 
10 dimensions (seizing keystone, synthesis, association, 
syraesthesia, resolution-incongruity, originality, insight, 
summarily explaining, evaluation, and pointing on future) 
summarized according to the 13 measurement indices 
from the Torrance Tests of Creative Thinking (TTCT).26,27 
The full score of TPT is 276, which is the score sum of 
46 specific items (the full TPT questionnaire is included 
in supplementary material). The authors demonstrated 
satisfying internal consistency of TPT (α = .93)24 and an 
appropriate criterion validity, and the creativity scores 
measured with TPT are also significantly associated  
(r ~ .5) with those measured with the Creativity 
Assessment Packet developed by Frank Williams.28

In the present study, creative thinking abilities of 
subjects from 2 independent cohorts of general Han 
Chinese subjects were measured using the self-assessment 
TPT (cohort 1: 2,815 subjects; cohort 2: 2,019 subjects)24; 
all participants were aged 18–45 and have either finished 
or enrolled in undergraduate education. Individuals 
without major psychiatric conditions (ie, psychosis or 
depression) in their self-reported health record during 
the sample collection were included in the present study. 
Among these testees, 13 subjects (cohort 1: 9 subjects; co-
hort 2: 4 subjects) reported scores significantly deviated 
from others probably due to erroneous understanding of 
the rating scale or gross errors in task execution rather 
than an authentic reflection of their characteristics (eg, 
TPT score < 70), and were therefore excluded from fur-
ther analyses. The internal consistency among 10 dimen-
sions of TPT was tested by calculating the standardized 
Cronbach’s α using “alpha” function in R psych package. 
All protocols and methods used in this study were ap-
proved by the institutional review board of the Kunming 
Institute of Zoology, Chinese Academy of Sciences. All 
participants have provided informed consents before any 
study-related procedures were conducted.

Genotyping, Quality Control, and Imputation

Genomic DNA of all participants were extracted from 
saliva according to the manufacturer’s protocol. Subjects 
in cohort 1 (n = 2,806) were genotyped using the Illumina 
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Infinium Global Screening Array (GSA) Chip (Beijing 
Guoke Biotechnology Co., LTD; www.bioguoke.com). 
Six lakh seventy thousand nine hundred and five single-
nucleotide polymorphisms (SNPs) were genotyped and 
mapped to the known physical locations in the hg19 
reference genome. QC was performed according to the 
standard suggested by Anderson et al.29 Individuals with 
discordance between their estimated sex according to 
the homozygosity rate across all X-chromosome SNPs 
and recorded sex (self-reported) were removed (n = 39). 
Subjects having more than 5% genotyping failure rate or 
more than 6 SD heterozygosity rates were also excluded 
(n = 7). The identity by descent (IBD) of each pair of in-
dividuals were calculated using PLINK v1.9,30 and a total 
of 19 individuals were removed after IBD analysis (IBD 
≥ 0.1875). Principal component analysis (PCA) was con-
ducted using the EIGENSTRAT software31 to examine 
ancestral divergence and population stratification of the 
participants. Outliers whose principal components (PCs) 
were distal from Asia cluster (n = 6) or most other parti-
cipants (>6 SD from the mean on any one of the top 10 
PCs, n = 58) were removed. A total of 99 nonoverlapped 
individuals were removed from further analyses after 
these QC procedures. After the above individual level 
QC, SNPs with call rate<95% (n  =  7,094), minor al-
lele frequency (MAF) < 1% (n = 282,140), and Hardy–
Weinberg equilibrium (HWE) P < 1 × 10–5 (n = 7,933) 
were excluded. Finally, 373,738 SNPs in 2,707 individuals 
of cohort 1 were proceeded for genotype imputation.

Subjects in cohort 2 (n = 2,015) were genotyped using 
the Illumina Genome-Wide Asian Screening Array 
(ASA-CHIA) Chip (Beijing Guoke Biotechnology co., 
LTD; www.bioguoke.com) on 711,727 SNPs. We con-
ducted the QC using the same criteria as cohort 1. Briefly, 
we removed ineligible individuals based on the validity 
of their sex (n = 16), their heterozygosity rates or missing 
rate (n = 3), IBD (n = 12), ancestral divergence (n = 2), 
and whether they were outliers (n = 32). These processes 
yielded 58 nonoverlapped individuals to be removed from 
further analyses. SNPs with call rate < 95% (n = 28,149), 
MAF < 1% (n  =  175,714), and HWE P  <  1  ×  10−5 
(n = 5,351) were excluded. Finally, a set of 502,513 SNPs 
in 1,957 individuals of cohort 2 were kept for genotype 
imputation.

The imputation of both cohorts 1 and 2 was conducted 
using the following criteria: the post-QC genotypes were 
phased using SHAPEIT for each chromosome.32,33 The 
haplotypes of pre-phasing 1000 Genomes Project Phase 
3 were used as the reference data,34 and imputation was 
performed for every 5-Mb interval of each chromosome 
using IMPUTE2.35 The SNPs with INFO > 0.8, MAF 
> 1%, call rate > 95%, and HWE P > 1 × 10−5 were con-
sidered suitable for further analyses. In sum, 5,481,607 
autosomal SNPs in 2,707 subjects from cohort 1 and 
5,375,141 autosomal SNPs in 1,957 subjects from cohort 
2 passed QC.

Statistical Analysis and Meta-analysis

Linear regression analyses were conducted for each co-
hort separately, adjusting for the top 3 genotyping PCs, 
and a meta-analysis was then carried out to combine the 
2 independent cohorts. We estimated the between-sample 
heterogeneity using the Cochran’s (Q) χ 2-test based on 
beta and SE and then calculated the pooled beta and 
combined P-values using the appropriate effect model. In 
brief, if  there was no significant heterogeneity between 
samples (Q-statistic > 0.1), we utilized a fixed-effect 
model to combine the samples; otherwise, we would use 
a random-effect model. All the statistical analyses were 
performed using PLINK v1.9.30

Polygenic Risk Scoring Analysis

We estimated the predictive power of polygenic scores 
for creativity in our combined samples (cohorts 1 and 
2) based on the GWAS summary statistics of multiple dis-
orders/traits. Each training data set was collected, respec-
tively, from GWAS studies of bipolar disorder (20,352 
cases and 31,358 controls),36 schizophrenia (40,675 cases 
and 64,643 controls),37 depression (170,756 cases and 
329,443 controls),38 general risk tolerance (466,571 in-
dividuals),39 risky behaviors (315,894 individuals),39 in-
telligence (269,867 individuals),40 subcortical structures 
(eg, putamen [37,571 individuals], nucleus accumbens 
[32,562 individuals]),41–43 and other traits (shown in sup-
plementary table S3 and S4). As described in the pre-
vious study, risk tolerance was defined as an individual’s 
tendency, preparedness, or willingness to take risks in 
general (eg, “would you describe yourself  as someone 
who takes risks?”); risky behavior was calculated from 
the first PC of 4 risky behaviors including “automobile 
speeding propensity,” “drinks per week,” “ever smoker,” 
and “number of sexual partners.” 39 GWAS summary sta-
tistics of the above complex disorders/traits are available 
in public data sets (https://www.med.unc.edu/pgc/results-
and-downloads; http://enigma.ini.usc.edu/research/
download-enigma-gwas-results/; https://www.thessgac.
org/data; http://walters.psycm.cf.ac.uk/; https://ctg.cncr.
nl/software/summary_statistics).

We first constructed polygenic scores using the classical 
method (pruning and thresholding, P + T)44,45: a series of 
independent SNPs (r2 < .1 within 500 kb) was extracted 
based on LD information using PLINK “--clump” func-
tion; whether a pruned SNP was included to calculate risk 
score in further analyses was determined depending on 
whether its P-value was lower than the specific threshold 
(P(thresholds) = 1.00 × 10−6, 1.00 × 10−4, 5.00 × 10−4, 0.001, 
0.01, 0.05, 0.1, 0.2). We also re-estimated effect sizes of 
SNPs based on their LD using LDpred method (v1.0.8) by 
measuring the posterior mean effect size of each marker 
based on its raw effect size and LD information, using 
default parameters (the fraction P of  nonzero effects = 1, 
0.3, 0.1, 0.03, 0.01, 0.003, 0.001).46 The infinitesimal 
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model was also used to measure posterior mean for ef-
fect sizes when assuming distant markers were unlinked. 
Notably, LDpred method included all available SNPs 
(after mapping to HapMap 3)  rather than considering 
only independent SNPs in the (P+T) method. The risk 
score of each individual in the target samples was gen-
erated according to the raw (or re-estimated by LDpred) 
effect size (ie, ln(OR) or Beta) of pruned (or each) SNP 
in the training data sets using the PLINK “--score” func-
tion.30 The extent of polygenic risk was estimated using 
linear regression through comparing the full model (cre-
ativity score ~ polygenic score + PC1 + PC2 + PC3) and 
a reduced model (creativity score ~ PC1 + PC2 + PC3). 
Finally, R2 was used as a measurement of the explained 
variance.47

Results

Sample Characteristics and Quality Control

We carefully measured the creative thinking abilities 
of  individuals aged 18–45 using TPT in 2 independent 
Han Chinese cohorts from general population. After 
excluding obvious outliers assuming that scores of  the 
participants followed a normal distribution (eg, the crea-
tivity scores < 70 were removed), 2,806 subjects in cohort 
1 and 2,015 participants in cohort 2 were proceeded for 
further analyses. The internal consistency rating across 
the 10 dimensions of  TPT creativity scores was α = .91 
in cohort 1 and α = .90 in cohort 2, indicating a strong 
internal reliability. To further assess the validity of  our 
TPT scores, we used an additional cohort (including a 
total of  951 individuals after QC, age ranged 18–28) 
in which the individuals underwent both TPT test (to 
measure their creative thinking abilities) and Creative 
Achievement Questionnaire (CAQ,48 to measure their 
creative achievements), and we found that their TPT 
scores showed a significantly positive correlation with 
their CAQ scores (Pearson r = .35, P < 2.2 × 10−16, sup-
plementary figure S1).

We then conducted QC analyses using the genome-
wide SNP data through evaluating sex discordance, 
missing rate, relatedness, heterozygosity rate, and ances-
tral divergence from Han Chinese. After this QC anal-
ysis, the remaining sample size was 2,707 for cohort 1 
and 1,957 for cohort 2, with an average age of  26.96 (co-
hort 1)  and 27.90 (cohort 2), respectively. The average 
TPT creativity score of  individuals in cohort 1 was 189.4 
(SD = 28.19, minimum = 88, maximum = 273), and that 
of  cohort 2 was 190.6 (SD = 28.55, minimum = 78, max-
imum = 272) (supplementary table S1). Supplementary 
figure S2 depicts the distribution of  creativity scores of 
individuals who passed QC analyses. After imputation 
to the 1000 Genomes Project data and systematic QC 
analyses, we obtained genotype data of  5,481,607 auto-
somal SNPs in cohort 1, and 5,375,141 autosomal SNPs 
in cohort 2.

GWAS Analyses of Creativity Scores

PCA using EIGENSTRAT comparing the genetic 
architectures between our GWAS samples and the Han 
Chinese samples from 1000 Genomes Project34 confirmed 
that the participants were of Han Chinese ancestry (sup-
plementary figure S3). PCA was also used to assess the 
population substructures of cohort 1 and 2, and negli-
gible population stratification was confirmed in both co-
horts (supplementary figure S4). The genomic inflation 
λ was 1.005 for cohort 1 and 1.000 for cohort 2, further 
proving that no obvious population stratification exists 
in our samples and suggesting the polygenic inherit-
ance of creativity. GWAS association analysis of each 
cohort was performed using linear regression covaring 
for top 3 genotyping PCs. Quantile–quantile (Q–Q) and 
Manhattan plots of each individual cohort are shown 
in supplementary figures S5 and S6. The GWAS statis-
tics derived from each cohort were then subjected to the 
inverse-variance-weighted meta-analysis based on an ap-
propriate effect model. Manhattan and Q–Q plots for the 
GWAS meta-analysis of 4,664 individuals are presented 
in figures 1 and 2, respectively. However, we did not ob-
serve any locus showing genome-wide significant asso-
ciation with creativity scores in each individual cohort 
(supplementary figures S5 and S6) or in the meta-analysis 
(figures  1 and 2). SNPs showing meta-analysis P-value 
lower than 5.00 × 10−5 are shown in supplementary table 
S2, and the nearest genes to each genomic variation were 
also indicated.

Polygenic Prediction Analyses of Creativity by GWAS 
of Psychiatric Disorders, Risk Tolerance, and Risky 
Behaviors

We conducted polygenic score analyses to predict creativity 
in our samples (4,664 subjects from both cohorts 1 and 2 
were included for PRS analyses to increase the statistical 
power) based on the published GWAS summary statistics 
of complex diseases/traits using both (P+T) and LDpred 
methods. We observed that the risk-profile SNPs of schiz-
ophrenia GWAS significantly and positively predicted cre-
ativity in our samples ((P+T): R2

(max) ~ .196%, P = .00245; 
LDpred: R2

(max) ~ .226%, P = .00114; table 1). Risk-profile 
SNPs of depression GWAS also significantly and posi-
tively predicted creativity in these subjects ((P+T): R2

(max) 
~ .178%, P = .00389; LDpred: R2

(max) ~ .093%, P = .03675; 
table 1). These results further confirm previous findings by 
Power et al20 regarding the shared genetic basis between 
creativity and psychiatric disorders. However, the PRS of 
bipolar disorder did not predict creativity in our samples 
using either methods (supplementary tables S3 and S4). 
Nevertheless, the nonsignificant result regarding bipolar 
disorder and creativity does not deny their potential cor-
relation because the PRS analysis is normally sensitive to 
the statistical power of the training data set (ie, bipolar dis-
order GWAS), and the sample size of the bipolar disorder 
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GWAS is smaller compared with that of schizophrenia or 
depression. No significant correlation with creativity was 
seen in the PRS analyses using GWAS of other brain dis-
orders (eg, Alzheimer’s disease, attention deficit hyperac-
tivity disorder, Parkinson’s disease, obsessive–compulsive 
disorder) (supplementary tables S3 and S4).

There has also been robust evidence supporting a 
positive epidemiological correlation between creativity 
and risky behaviors.18 To investigate whether this is (par-
tially) due to their shared genetic roots, we conducted 
PRS analysis of  creativity using GWAS data of  general 
risk tolerance and risky behaviors. We found that the 
risk-profile SNPs of  risk tolerance and risky behaviors 
both significantly and positively predicted creativity 

(for risk tolerance, (P+T): R2
(max) ~ .177%, P =  .00399; 

LDpred: R2
(max) ~ .305%, P  =  .00016; for risky behav-

iors, (P+T): R2
(max) ~ .187%, P = .00307; LDpred: R2

(max) 
~ .155%, P = .00715; table 1). These results support the 
shared genetic basis between creativity and risky behav-
iors. Because risky behaviors were also found associated 
with the risk of  psychiatric illnesses, our data suggest 
that creativity and tendencies for risky behaviors may re-
flect 2 aspects of  the multidimensional personality traits 
that are relevant to psychiatric disorders. However, no 
significant genetic overlap between creativity and other 
personality traits (eg, neuroticism, extraversion, and 
openness) was seen in the present study (supplementary 
tables S3 and S4).

We also examined whether there was shared genetic 
basis between creativity and subcortical structures as well 
as cognition-related phenotypes. Although the (P+T) PRS 
analysis revealed significantly positive correlation of cre-
ativity with common variations associated with putamen 
volumes and those associated with nucleus accumbens 
volumes (putamen: R2

(max) ~ .237%, P =  .00088; nucleus 
accumbens: R2

(max) ~ .171%, P =  .00464; supplementary 
table S3), these polygenic associations were not con-
firmed in the LDpred analysis (supplementary table S4). 
By contrast, the LDpred PRS analysis revealed signifi-
cantly negative polygenic association between intelligence 
and creativity (R2

(max) ~.120%, P = .01802; supplementary 
table S4), which was not significant in the (P+T) PRS 
analysis (supplementary table S3). Therefore, whether 
there are polygenic associations between creativity, sub-
cortical structures, and intelligence remains inconclusive.

Discussion

Although widely recognized as an important trait playing 
key roles during human evolution, creativity remains rel-
atively opaque regarding its mechanisms, especially the 

Fig. 2. Quantile–quantile (Q–Q) plot for the GWAS meta-
analysis of creativity among all individuals (n = 4,664). The 
Q–Q plot displays the relationship between the experimentally 
observed P-values (vertical axis) to the expected P-values of a null 
distribution (horizontal axis).

Fig. 1. Manhattan plots for the GWAS meta-analysis of creativity among all individuals (n = 4,664). The dashed line indicates the 
threshold for genome-wide significance (P = 5.0 × 10−8).
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genetic basis.49 As discussed, there are numerous idioms 
in every culture in the world about the unstable psy-
chological and emotional states in some talented high-
achieving people, investigating the intrinsic and extrinsic 
factors affecting creativity, especially those simultane-
ously involved in mood and psychological characteristics, 
is of great interest.

The recent development of high-throughput 
genotyping technology offers the opportunity to investi-
gate genetic basis of creativity and its genetic correlations 
with other traits at the genome-wide level. In fact, a pre-
vious study suggested that PRS of bipolar disorder and 
schizophrenia were significantly associated with creative 
occupations (ie, artistic professions), indicating shared 
genetic origins between creativity and psychiatric dis-
orders.20 Enlightened by this study, we hypothesize that 
there is probably shared genetic basis between creativity 
and other psychological traits involved in psychiatric dis-
orders. We herein investigated correlations between the 
genotypes of individuals with quantified creativity scores 
and the published GWAS summary statistics of multiple 
traits (ie, psychiatric disorders, personality behaviors, cog-
nitive functions, and subcortical volumes) using the PRS 
method. Notably, we have applied a different approach 
of quantifying creativity and have further confirmed the 
shared genetic basis between psychiatric disorders and 
creativity, although a slight inconsistency (PRS of bi-
polar disorder did not predict creativity in our samples) 
exists between our results and the Power et al’s study.20 We 
have also identified genetic overlap between depression 
and creativity, which is consistent with a previous study 
showing that university students of artistic subjects are 
at an increased risk of developing unipolar depression 
later in life.16 These results are intriguing, and further in-
vestigations of the neural mechanisms underlying the ge-
netic overlap between psychiatric disorders and creativity 
are warranted. Although limited evidence is available for 
such mechanisms, altered brain functional connectivity, 
which has been found to be involved in creativity,23 and to 
be altered in schizophrenia and depression,50–52 might be 
a candidate for future studies.

In addition, we for the first time find significant genetic 
overlap between creativity and risky behaviors through 
PRS analysis. Although biological and physiological ex-
planations for this overlap is lacking, the current results 
still lend strong support for the direct impact of certain 
genetic factors on both creativity and risky behaviors. 
This is probably because some common SNPs, while con-
tribute to increased creativity in humans, might also un-
derlie processes resulting in a higher tendency of risky 
activities. Overall, a possible genetic link among crea-
tivity, risky behaviors, and psychiatric abnormalities is 
indicated in the present study.

We attempted to delve into the correlation among cre-
ativity, risky behaviors, and psychiatric abnormalities 

by exploring the association between creativity and 
some brain imaging and cognitive characteristics. As 
mentioned, 2 major methods for PRS analyses, the 
(P  +  T) and LDpred methods, were applied. These 
2 methods differ at the calculation of  effect sizes for 
SNPs. Specifically, the LDpred method re-estimates ef-
fect sizes of  SNPs accounting for LD using the Bayesian 
approach and thereby results in potentially different 
raw effect sizes for SNPs. Nevertheless, our analyses 
revealed that both the diagnosis of  schizophrenia and 
depression, and risky behaviors were significantly cor-
related with creativity regardless of  the method used. 
Therefore, we sought to define additional brain imaging 
and cognitive phenotypes associated with creativity 
through both methods, which are considered more reli-
able and likely to be the true factors affecting creativity. 
Unfortunately, although significant associations be-
tween creativity and the volumes of  putamen and nu-
cleus accumbens were observed through the (P+T) PRS 
analysis, the LDpred analysis did not support these cor-
relations. Meanwhile, intelligence predicted creativity 
only in the LDpred PRS analysis. As a result, the corre-
lation between creativity and these phenotypes remain 
less convincing, and further investigations are needed. 
However, the negative associations between creativity 
and intelligence in the LDpred PRS analysis might still 
have some implications. Although creativity and intelli-
gence have long been considered related to some extent, 
the fundamental nature of  their interplay is still under 
debate.53 Specifically, Jung et al argued that intelligence 
and creativity occupied 2 extremes of  a dichotomy,54 
and they considered intelligence to be a “dedicated rea-
soning capacity” for problems that possess rule-based, 
cause–effect relationships, whereas they recognized cre-
ativity as an ability of  “improvisational reasoning” and 
generating novel and unsighted solutions to problems. 
It is also raised that creativity is more than likely to be 
evolutionarily novel compared with intelligence, as cre-
ativity might appear between 60,000 and 30,000  years 
ago in the Middle/Upper Paleolithic, probably corrob-
orating the emergence of  art, science, politics, religion, 
and syntactical language in humans.55

Although the present study presents intriguing dis-
coveries of  the genetic foundation for creativity, cer-
tain limitations should be acknowledged. First, despite 
using 2 independent cohorts, the overall sample size of 
the present study is relatively small compared with other 
large-scale association studies. Owing to this limited 
sample size, the GWAS meta-analysis defined multiple 
variations showing nominal significance in both sam-
ples but no genome-wide significant loci. Nevertheless, 
this result might, on the other hand, support the poly-
genic nature of  creativity, as previous GWAS of  other 
complex traits, such as childhood intelligence,56 also 
identified variations showing nominal significance 
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in multiple independent cohorts (eg, rs236330 in 
FNBP1L) rather than SNPs with genome-wide signifi-
cance. Nevertheless, further analyses using much larger 
samples might allow identification of  individual vari-
ations that are genome-wide significantly associated 
with creativity. Second, although we are confident that 
the recent technological development in genetic ana-
lytical tools will promote investigations of  creativity 
as a complex and heritable trait, creativity remains a 
complicated readout to be accurately quantified for 
scientific purposes. Actually, multiple approaches have 
been proposed to measure the different domains of 
creativity in the past few decades, each has its merits 
and limitations. Applying different methods to sys-
temically investigate creativity is therefore important 
to clarify its mechanisms from various perspectives. It 
should also be noted that participants of  the present 
study finished the TPT creativity questionnaire online, 
and their mental health statuses (ie, having no diag-
nosis or family history of  psychosis or depression) were 
self-reported rather than screened by psychiatrists ac-
cording to the criteria of  DSM-5 or ICD-10. This is 
a potential limitation and future analyses in subjects 
clinically ensured to be “mentally healthy” might pro-
vide more accurate results. In addition, the training 
and target data sets in our PRS analyses are from dis-
tinct populations due to the limited availability of  large 
GWAS data of  psychiatric disorders and related traits 
in Han Chinese. However, previous GWAS studies have 
also shown that genetic effects of  psychiatric disorders 
(eg, schizophrenia) are highly consistent between dif-
ferent populations. For example, Lam et al showed that 
common genetic variations conferring risk of  schizo-
phrenia exerted highly similar effects in populations of 
East Asian and European ancestries (genetic correla-
tion = 0.98 ± 0.03),57 and Li et al found that approxi-
mately 95% of  the genome-wide significant index alleles 
(or their proxies) from the European schizophrenia 
PGC2 GWAS were over-represented in Chinese schiz-
ophrenia cases (~50% of  the alleles achieved nominal 
significance).58 Similarly, a previous PRS study found 
significant effects of  the polygenic risk derived from 
European schizophrenia GWAS on cortical gyrification 
in the inferior parietal lobules in 2 independent Han 
Chinese samples.59 In some nonpsychiatric disorders, 
Zhou et  al performed the transethnic PRS analyses 
between height/body mass index/bone mineral den-
sity (training data sets, based on GWAS summary 
statistics from European and Asian, respectively) and 
lumbar disc degeneration/herniation (target data sets 
in Asian),60 and observed strong positive genetic cor-
relations across traits, which is consistent with the bi-
ological underpinnings of  lumbar disc degeneration. 
Taken together, transpopulation polygenic score ana-
lyses based on large-scale GWAS data sets might still 
provide useful insights.

Supplementary Material

Supplementary data are available at Schizophrenia online.
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