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Abstract

For further understanding the joint contribution of environment, heredity and
gender to creativity, the present research examined the prospective impact of paternal
indifference & neglect in early life, TPH1 rs623580, offspring's gender, and the
interaction effects thereof on creativity in five hundred and thirty-nine unrelated
healthy Chinese undergraduate students. Paternal indifference & neglect in early life
was assessed on the Parental Bonding Instrument (PBI) and creativity on the Runco
Creativity Assessment Battery (rCAB). Results showed significant paternal
indifference & neglect x TPH1 genotype and TPHI genotype X offspring's gender
interaction effects when predicting creativity. Specifically, paternal indifference &
neglect in early life negatively predicted creativity in youth when individuals carry A
allele of TPH1 (1rs623580). In addition, male individuals who carry A allele were
linked with lower level of flexibility compared to TT homozygote individuals. No
significant three-way interaction was found. Findings from the current study
suggested that the A allele of TPH1 (rs623580) might be a risk allele for creativity,
and the long-term negative influence of paternal indifference & neglect in early life on

individuals’ creativity in youth depending on TPH! genotype.

Key words: Creativity, Paternal indifference & neglect in early life, TPH1,
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INTRODUCTION

Creativity is defined as the capacity for producing something that is both novel
and useful [1-3].There is a consensus in the field that creativity involves in the
improvement of technology, science, art, philosophy, or even all walks of life
[4].Previous studies indicated that creativity was the major driving forces behind the

progress of civilization [5, 6].

Because of the central role creativity plays, there has always been a great interest
for psychologist on how biological and environmental factors foster or inhibit
creativity [7, 8]. For the biological factors, recent advances in molecular genetics have
permitted psychologists to explore the underlying genetic basis of creativity, and
several genes (e.g. THP1, TPH?2) were revealed to associate with creativity [9-11].
For the environmental factors, parenting is one of the most frequently investigated due
to its crucial role in creativity [12, 13]. However, results from twin and adoption
studies have indicated that creativity cannot be explained exactly by either gene or
environment [14, 15]. A growing evidence highlighted the importance of Gene X
Environment (G % E) interactions, in which the relationship between environmental
factors (e.g. parenting) and child outcomes (e.g. antisocial behaviors, cognitive
abilities, social function, wellbeing) might be moderated by genetic factors [16, 17].
Therefore, the primary purpose of present study was to explore the interaction effect

of genetic and environmental factors on creativity.

Besides, previous studies indicated that gender difference might be attributed to
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the interaction effect of genetic and environmental factors on creativity [18].
Therefore, gender of offspring was another variable recruited in this study, exploring
the possiple Gene x Environment x Gender (G x E x G) interaction effect when

predicting creativity.

Parental indifference & neglect and creativity

One vital factor that has long been recognized to influence creativity is the early
life family environment, among which parenting have received the most attention
[19-21]. Parental indifference & neglect is a significant risk factor for children across
their psychological and behavioral development and is usually linked with several
serious aftermath that reach into adulthood [22-24], including psychological
maladjustment, internalizing/externalizing behaviors, and negative personality

dispositions of children [22, 25, 26].

According to Parental Acceptance-rejection Theory (PART), parental
indifference refers to a mood state of parents distinguished by a lack of care, concern
and interest of their children; while parental neglect refers to a behavioral response
that parents fail to attend the physical, psychological, and social needs of their
children appropriately [25, 27]. Although the connection between indifference and
neglect is not extremely direct, such as parents may neglect or be perceived to neglect
their children for many reasons which are not driven by indifference, both indifferent
and neglecting parents remain unavailable and unresponsive to their children’s need,

consistently [6]. While most of the attention in the field of parental indifference &
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neglect has been directed toward negative outcomes, evidences provided by recent
empirical studies have indicated that parental indifference & neglect in early life
negatively predicted positive outcomes, such as cognition and intelligence [28-31].
Using the Audio-Computer Assisted Self Report Interview (ACASI), one study
investigated the relation between multidimensional neglect and cognition, the result
showed that children suffering neglect had lower overall coginitive performance in
comparison with normative data [30]. Coincidentally, using the Wechsler Intelligence
Scale for Children -Revised, Split-Half Short Form (WISC-R:SH), Kaufman et al.
(1994) reported a direct relation of neglect to intelligence quotient (IQ), with children
who experiencing the most severe parental neglect having the lowest performance in
IQ scale [31]. A further study demonstrated that the neglected children showed lower
general intelligence and poorer executive decision than the controls [28]. Creativity
and divergent thinking are deemed to be facets of intelligence in some intelligence
models [9, 32, 33]. So based on the notion, parental indifference & neglect in early

life might play a negative prospective role in creativity in youth.

However, the existing parenting research has documented that parental
indifference & neglect in early life is not always deleterious, especially in creativity
research. Previous studies provided evidence that parental indifference & neglect may
positively relate to child’s creativity. Albert (1992) reported that many genius and
great eminences were suffered from parental indifference & rejection and poverty in
early family environment [34]. Similarly, a longitudinal study, which aimed to reveal

the association between parent-child relationships and creative personality traits,
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suggested that individuals with creative personality traits, such as self-sufficient,
reserved, serious, adventurous, and sensitivity, were inclined to report their parents
expressed more neglect and reject while they were growing up [35]. Inconsistent
findings suggest that the relation between parental indifference & neglect in early life

and child developmental outcomes may be moderated by additional variables.

One possible explanation is that the influence of parental indifference & neglect
to children may be differ between mother and father. However, much studies in this
research area were conducted with both mother and father [25, 36], few studies
examined specially fathers’ indifference & neglect and its influence on child
developmental outcomes [37, 38]. An ever-expanding line of research has indicated
that fathers played an important role in children’s psychological and behavioral
development, including academic achievement, cognitive development, behavioral or
emotional regulation and so forth [39, 40]. Thus, the present study was designed to
investigate the particular relation of paternal indifference & neglect in early life to

creativity in youth.

Moreover, previous studies indicated that if father was unavailable, then boys
had a greater likelihood of engaging in negative outcomes [41, 42]. Given that father
is the most significant model for boys’ identification [43], it is logical to infer that the
role of paternal indifference & neglect in offspring developmental outcomes may be
different for boys and girls. Therefore, it is possible that offspring's gender may

moderate the relationships between paternal indifference & neglect in early life and
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creativity in youth.

TPH1 rs623580 and creativity

Studies utilizing behavior genetic research designs demonstrated both genetic
and environmental factors have influence on individual’s creativity [44]. Recent
advances in molecular genetic studies have permitted direct exploring the underlying
mechanism of the G x E interaction via identifying specific genes or locus associated
with creativity. Empirical research showed a genetic variant in the dopamine D2
receptor gene (DRD2), rs1799732 polymorphisms, moderated the relation between
authoritarian parenting and creativity [45]. Therefore, we postulated in this line that
the relation between paternal indifference & neglect in early life and creativity in
youth may be moderated by genetic variants.

Besides DRD?2, several lines of research indicated the TPH1genotypes involve in
creativity. Using inventiveness battery of the Berlin Intelligence Structure Test (BIS),
Reuter et al. (2006) reported that 7TPHI rs1799913 (A779C) polymorphism was
significantly associated with creativity. Similar findings, using Divergent Thinking
Test (DT Test), indicated that TPHI rs1799913 polymorphism was significantly
associated with ideational fluency [10]. To further elucidate the role of 7TPH! in
creativity, by including both related functional SNPs and tag SNPs, a recent study
comprehensively explored the correlation between TPHI genetic variants and creative
potential measured by DT Test [11]. Although failed to replicate the correlation of

TPHI rs1799913 and creativity, the results suggested a new TPH genetic variate,
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rs623580 (T3804A), associated with both verbal and figural fluency.

TPH]I 1s623580 located in the exon 1c & intronl within the 5'- UTR of the TPH1
gene at human chromosome 11 [46]. TPH1 is the rate limiting enzyme in the
biosynthesis pathway of the neurotransmitter 5-hydroxytryptamine (5-HT, Serotonin)
and therefore a critical step in 5-HT functioning [47]. TPH1 gene expression is
limited to a few specialized tissues, including brainstem raphe neurons, pinealocytes,
the central nervous system (CNS), and part of the peripheral serotonergic nervous
system [48]. Using a GWAS of 909 families (three members per family including
ADHD patients and their parents), Sonuga-Barke et al. (2008) reported nominal
evidence for interaction between 7PH1 rs623580 and parental criticism when
predicting conduct disorder symptom [49]. Although the underlying mechanism was
still unclear, this study provided the primary evidence for TPH rs623580 might
moderate the relation between adverse environments and outcomes. Therefore, the
present study designed to employ 7PH1 rs623580 as the moderator to investigate
whether it could moderate the relation between paternal indifference & neglect in
early life and creativity in youth.

In summary, the current study aimed to explore the impact of paternal
indifference & neglect in early life, TPH1 rs623580, offspring's gender, and the
interaction effects thereof on creativity in youth. It is postulated that paternal
indifference & neglect in early life would be negatively predict creativity in youth. It
is also assumed that TPH rs623580 polymorphism and offspring's gender would

moderate the negative influence of paternal indifference & neglect in early life on
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168  creativity in youth.

169 METHODS

170  Participants and Procedure

171 Participants included 539 (183 males and 356 females) unrelated healthy Han
172 Chinese undergraduate students with an average age of 18.93 years (SD=1.084,
173 range=17-22) from Shandong Normal University. None of the participants had been
174 hospitalized for head trauma, psychiatric or neurologic reasons and none abused
175  alcohol or drugs. The study protocol was approved by Institutional Review Board of
176 ~ Shandong Normal University. Written informed consent for genetic analysis was
177  obtained from each participant after a description and explanation of the study.

178  TPHI rs623580

179 DNA was extracted from peripheral venous blood samples using the QIAamp
180  DNA Mini Kit (Qiagen, Valencia, CA, USA). Genotyping was carried out by a
181  technician blind to other data from the research project. The single nucleotide
182 polymorphisms (SNPs) were genotyped at the Beijing Genomics Institute-Shenzhen
183 (BGI-Shenzhen, Shenzhen, China) using the Sequenom®MassARRAY®iPLEX
184  system (Sequenom, San Diego, CA, USA). A customized set of SNPs was provided to
185  BGI-Shenzhen by the investigator and BGI-Shenzhen provided the final
186 oligonucleotides sequences to be used. Reverse and extension primers were designed
187  using the MassARRAY Assay Design 3.0. For quality control, 5% random DNA
188 samples were re-genotyped for each SNP, yielding a reproducibility of 100%. The

189  TPHI 15623580 polymorphism was assessed as part of the SNP panel and met the
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190  criteria mentioned above. The genotype distribution of TPHI rs623580 for AA was
191 14.5% (n=78), AT was 50.2% (n=271), and TT was 35.3% (n=190). Consistent with
192 previous research [50], AA and AT genotypes were combined and compared with the
193 TT group. Allelic frequency of TPHI 1s623580 is presented in Table 1.

194  Measures

195  Creative potential measures

196 Creativity was measured by Figural Divergent Thinking Test selected from the
197  Runco Creativity Assessment Battery (rCAB; Creativity Testing Service, Bishop, GA,
198 USA). Three line-drawings were represented in these tests, and participants were
199 asked to list as many things as they can. Four minutes were allowed for each item.
200  According to the guideline of Creativity Testing Service, the following three scores
201  were obtained: fluency, flexibility, and originality. Fluency score was obtained by
202 counting the number of unduplicated ideas provided by each participant. Originality
203  score was calculated by counting the number of unusual ideas given by less the 5% of
204  the sample. To score flexibility, a category list was first generated for each item, and
205 the flexibility score was the number of different categories used in one participant’s
206  ideas. Two trained raters (both were psychology graduate students from Shandong
207 Normal University) were engaged to score all those ideas. The Chinese version of this
208 measure was a widely used noninvasive measure and demonstrated adequate
209  reliability and validity [3, 11, 20, 51, 52]. The inter-rater reliabilities for all the three
210 scores in present study were higher than .95; therefore, the final scores were obtained

211 by averaging scores from the two raters. In current study, the Cronbach’s alpha

10
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212 was .86 for fluency, .69 for flexibility, and .83 for originality.

213 Parental Bonding Instrument (PBI)

214 The Parental Bonding Instrument is a 25-item self-rating questionnaire designed
215 to measure the quality of the attachment or bond between parent and child, based on
216  the memory of participants regarding their parents before their age of 16 [53]. Six
217  items define the “care”, in which the higher the score, the higher the affection and
218 warmth exercised by their parent; six items define the “indifference & neglect”, in
219 which the higher the score, the higher the rejection and neglect exercised by their
220  parent; seven items establish the “overprotection”, in which the higher the score, the
221 higher the over involvement attitude and psychological control from parents; six items
222 on the “autonomy”, in which the higher the score, the higher the encouragement of
223 independence attitude and psychological autonomy from parents [54]. Participants
224 scored each of their parents separately, on a 4-point Likert-type scale ranging from 0
225 (“‘very unlike’”) to 3 (‘“very like’’). The Chinese version of this measure was
226  available and established reliability and validity [55]. In this study, care and
227  indifference & neglect dimensions was used to measure the paternal rearing attitudes,
228  the Cronbach’s alpha was .84 for care, and .78 for indifference & neglect.

229 Data analysis

230 To test whether the relationships between paternal indifference & neglect and
231 creativity (fluency, flexibility, originality) were moderated by 7PHI rs623580 and
232 offspring’s gender, a series of hierarchical regression analyses were performed.

233 Paternal care was significantly related to paternal indifference & neglect and was

11
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234 therefore included in the regressions. Age and paternal care were included as
235 covariates in the first regression step. In the second step, creativity (fluency,
236 flexibility, originality) was predicted from the main effects of offspring’s gender
237  (male coded as 1 and female as 0), paternal indifference & neglect, and TPH!
238 1s623580. Then the moderator term (the interaction between paternal indifference &
239 neglect, TPHI rs623580, and offspring’s gender) was added in the third step.

240 Because all three-way interaction effect on three outcome were not significant,
241 we performed two two-way interaction separately on each outcome. When significant
242 paternal indifference & neglect x TPH1 15623580 and TPH1I rs623580 x offspring’s
243 gender interactions were found, the nature of the interactions was tested by post-hoc
244 analyses. The SPSS version 16.0 was used for analysis.

245 Results

246 Table 2 reports the correlations, means, and standard deviations of the variables
247  of this study. Paternal care were positively correlated with fluency (r=0.127, p<0.01),
248 flexibility (r=0.112, p<0.01), and originality (r=0.117, p<0.01). Paternal indifference
249 & neglect were negatively correlated with fluency (r=-0.107, p<0.05), flexibility
250  (r=-0.085, p<0.05), and originality (r=-0.089, p<0.05). There were evidences for
251  gender differences in fluency (r=-0.278, p<0.01), flexibility (r=-0.225, p<0.01), and
252 originality (r=-0.195, p<0.01), but not in 7PH1 rs623580(r=-0.061, p>0.05) and each
253 of those paternal bonding variables (ps>0.05). TPHI rs623580 was not correlated
254  with any paternal bonding variables, offspring’s gender, and each of the outcome

255  variables (ps>0.05). The findings of the interaction effect of paternal indifference &

12
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256  neglect and TPH1 1s623580 on the outcome variables are summarized in Table 3. The
257  findings of the interaction effect of TPHI rs623580 and offspring’s gender on the
258  outcome variables are summarized in Table 4.

259 Paternal indifference & neglect and fluency: 7PHI rs623580 and
260  Offspring's Gender as Moderators

261 Results showed that both paternal indifference & neglect and offspring's gender
262 had direct main effects on fluency (B=1.577, p<0.05; B=-1.936, p<0.01), and TPH1
263 15623580 did not had a direct main effect (AA & AT=1, B=-0.351, p=0.437). The
264  three-way interaction of paternal indifference & neglect, offspring's gender and TPH!
265 15623580 on fluency was not significant (B=0.371, p=0.788), but there was a
266  significant two-way interaction of paternal indifference & neglect and TPHI rs623580
267  (B=-0.193, p<0.05). This two-way interaction remained significant after the
268  non-significant three-way and all non-significant two-way interaction terms were
269  dropped and a reduced model was run (B=-0.182, p<0.05) (see Table 3).

270 The significant interactions term of paternal indifference & neglect and TPH1
271 15623580 on fluency was tested for each TPHI genotype group. Results of the
272 regression for AA / AT genotypes indicated that paternal indifference & neglect was
273 related to lower level of fluency (B=-1.429, p<0.05, 95% CI=-2.240 to -0.617). In
274 contrast, results of the regression for TT genotype indicated that paternal indifference
275 & neglect was not associated with fluency (8=0.310, p>0.05, 95% CI=-0.787 to
276 1.407). Regression lines depicting levels of paternal indifference & neglect for AA /

277 AT genotypes and TT genotype are plotted in Figure 1a.

13


https://doi.org/10.1101/728600
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/728600; this version posted August 8, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

278 Paternal indifference & neglect and originality: TPHI rs623580 and
279  Offspring's Gender as Moderators

280 Results showed that both paternal indifference & neglect and offspring's gender
281  had direct main effects on originality (B=1.253, p<0.05; B=-0.876, p<0.05), and the
282 TPHI 15623580 did not had a direct main effect (AA & AT=1, B=-0.181, p=0.583).
283 Although the three-way interaction of paternal indifference & neglect, offspring's
284  gender and TPHI rs623580 on originality was not significant (5=0.402, p=0.689),
285  there was a significant two-way interaction of paternal indifference & neglect and
286  TPHI 1s623580 (B=-0.190, p<0.05). This two-way interaction remained significant
287  after the non-significant three-way and all non-significant two-way interaction terms
288  were dropped and a reduced model was run (B=-0.170, p<0.05) (see Table 3).

289 The significant interactions term of paternal indifference & neglect and TPH1
290 15623580 on originality was tested for each TPHI genotype group. Results of the
291  regression for AA / AT genotypes indicated that paternal indifference & neglect was
292 related to lower level of originality (B=-0.892, p<0.05, 95% CI=-1.457 to -0.326). In
293 contrast, results of the regression for TT genotype indicated that paternal indifference
294 & neglect was not associated with originality (B=0.269, p>0.05, 95% CI=-0.558 to
295 1.096). Regression lines depicting levels of paternal indifference & neglect for AA /
296 AT genotypes and TT genotype are plotted in Figure 1b.

297 Paternal indifference & neglect and flexibility: 7TPHI rs623580 and
298  Offspring's Gender as Moderators

299 Results revealed no significant main effects of paternal indifference & neglect

14
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300 (B=0.445, p=0.067), TPHI rs623580 (B=-0.050, p=0.718) and offspring's gender
301 (B=-0.283, p=0.124). The three-way interaction of paternal indifference & neglect,
302 offspring's gender and 7PHI rs623580 on flexibility was not significant (5=0.205,
303  p=0.625). However, two significant two-way interactions emerged.

304 First, there was a significant interaction of paternal indifference & neglect and
305 TPHI 15623580 (B=-0.193, p<0.05). This two-way interaction remained significant
306  after the non-significant three-way and all non-significant two-way interaction terms
307  were dropped and a reduced model was run (B=-0.175, p<0.05) (see Table 3). The
308  significant interactions term of paternal indifference & neglect and 7PH1 rs623580 on
309  flexibility was tested for each TPHI genotype group. Results of the regression for AA
310 / AT genotypes indicated that paternal indifference & neglect was related to lower
311 level of flexibility (B=-0.369, p<0.05, 95% CI=-0.610 to -0.128). In contrast, results
312 of the regression for TT genotype indicated that paternal indifference & neglect was
313 not associated with flexibility (B=0.13, p>0.05, 95% CI=-0.211 to 0.464). Regression
314 lines depicting levels of paternal indifference & neglect for AA / AT genotypes and
315  TT genotype are plotted in Figure Ic.

316 Second, an interaction emerged between TPHI rs623580 and offspring's gender
317 (B=-0.159, p<0.05). This two-way interaction remained significant after the
318  non-significant three-way and all non-significant two-way interaction terms were
319  dropped and a reduced model was run (B=-0.165, p<0.05) (see Table 4). The
320  significant interactions term of 7PHI rs623580 and offspring's gender on flexibility

321  was tested for each TPHI genotype group. Results of the regression for AA / AT
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genotypes indicated that male was related to lower level of flexibility (B=-0.801

p<0.001, 95% CI=-1.073 to -0.529). In contrast, results of the regression for TT

genotype indicated that offspring's gender was not associated with flexibility

(B=-0.291, p>0.05, 95% CI=-0.660 to 0.078). Regression lines depicting levels of

offspring's gender for AA / AT genotypes and TT genotype are plotted in Figure 2.
Discussion

This study sought to examine the impact of paternal indifference & neglect in
early life, TPH1 rs623580, offspring's gender, and the interaction effects thereof on
creativity in youth. Two primary findings emerged. First, paternal indifference &
neglect in early life negatively predicted creativity (fluency, flexibility and originality)
in youth when individuals carry A allele of TPH1 rs623580. Second, male offspring
who carry A allele of TPHI rs623580 were linked with lower level of flexibility
compared to TT homozygote individuals.

Firstly, present study provided supporting evidence for paternal indifference &
neglect in early life negatively predicted on creativity (fluency and originality) in
youth. These findings are consistent with previous research with Chinese samples
which demonstrated that paternal rejection was negatively associated with
adolescents’ creativity [56]. Given that indifferent and neglecting father usually
remains psychologically and physically unresponsive or even inaccessible, they may
be prejudicial to child’s psychological security [25]. Psychological security has been
demonstrated positively predicted creativity [57, 58]. Therefore, it is reasonable to

speculate that paternal indifference & neglect in early life may be adverse to
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individual’s psychological security, which has negative impact on creativity in youth.
These findings of the direct effects of paternal indifference & neglect in early life on
creativity in youth were congruent with prior studies in Western settings [34, 35].
Considering Chinese culture is widely characterized as collectivistic which emphasize
interpersonal relatedness in contrast with Westernized cultures [59, 60]. Children
might be more sensitive to paternal indifference/neglect, and perceive be rejected and
lacking of paternal involvement and support in Chinese societies than in Western
societies [25, 61]. However, it was difficult to compare the correlations for the two
cultural groups due to lack of data on the correlations between paternal indifference &
neglect and creativity in Western studies. Further examination of this issue is needed
in future cross-cultural research.

Second, consistent with our expectation, a paternal indifference & neglect x
TPH]I rs623580 interaction was observed. It was found that the negative influence of
paternal indifference & neglect in early life on creativity in youth was only present in
individuals who carry A allele of TPH1 rs623580 but not the carriers of the TT
genotype, suggesting a hypothesis that carrying the A allele of TPHI rs623580 may
increase the vulnerability to the early life adverse environments, paternal indifference
& neglect for example, and pose a risk for creativity in youth. Paternal indifference &
neglect in early life is identified as potent sources of stress, and is suggested to have a
pervasive influence on a child's psychological and biological regulatory processes
[62]. Molecular genetics research demonstrated that 7TPHI mRNA expresses in the

hypothalamus and the neuronal 7PH1 protein expresses in the anterior pituitary, these

17


https://doi.org/10.1101/728600
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/728600; this version posted August 8, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

available under aCC-BY 4.0 International license.

findings suggested that 7PH 1 might involve in hypothalamic-pituitary-adrenal axis
(HPA) regulation and influence on neuronal mechanisms of the brain [63, 64],
including stress-response mechanisms [65]. Although TPH rs623580 does not result
in an amino acid substitution as located in a regulatory region, it may affects in TPH!
enzyme activity [48]. Previous study have reported that TPH1 rs623580 related to
major depressive disorder (MDD) [66]. Most recent study further demonstrated that
the A allele of TPH1 rs623580 might increase the risk of depressive disorder [67].
Therefore, it is possible that TPH rs623580 may moderate the negative relation
between paternal indifference & neglect in early life and creativity in youth via
regulating the stress-response processes. Specifically, compared with the TT
homozygote individuals, the A allele carriers may have less capacity to withstand the
corrosive drizzle of paternal indifference & neglect in early life and to cope with
stress effectively, which in turn lead them to the damaging consequences [68, 69].
Third, a TPH1 15623580 X offspring's gender interaction predicting flexibility
was detected in the present study. Specifically, males who carrying the A allele
showed lower flexibility than the TT carriers. This result further supported the
hypothesis that A allele of 7PH1 rs623580 might be a risk allele for creativity, at least
in males. Animal research indicated that sex hormones, including estrogen and
progesterone, can increase TPH1 expression in the central nervous system of primates
[70]. It could be speculated that the significant effect of TPHI rs623580 A allele in
male in the present study might due to poor sex hormones regulation because of lower

level of estrogen and progesterone in male. Although the underlying mechanism of
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the interaction effect is not yet clear, the result suggested that 7TPH1 rs623580 might
involve in gender difference in creativity.

Several limitations of this study should be addressed. Firstly, the present study
employed a retrospective design to explore the negative influence of paternal
indifference & neglect in early life on creativity. Longitudinal study from early
childhood to young adulthood was needed to understand the dynamic association
between early life family environment and creativity. Secondly, the assessment of
early life parental indifference & neglect in present study was limited in self-report
measure, which might only reflect participants’ perceived parental indifference &
neglect, not objectively observed parental indifference & neglect. Future study
simultaneously including the parents and observer reports of early life family
environment would provide more convincing results. Third, the present study used a
relatively homogenous sample consisting of Chinese undergraduate students. As the
genetic backgrounds vary for different ethnic populations, the generalization of the
present findings to other samples is limited. Future research across populations of
different genetic and cultural backgrounds are warranted to examine what extent the
present findings can be generalized to other samples.

These limitations notwithstanding, some valuable information can be derived
from our findings. Drawing upon gene x environment and gene x gender interaction
research, this study provided evidence that carrying A allele of TPH1 rs623580 might
be a significant risk factor of creativity. The findings of the present study contribute to

further understanding the role of genetic factors in the pathways that how the early
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410  life family environment shapes creativity in adulthood. In addition, our findings may
411  also provide a new perspective to reevaluate the genetic basis of gender difference in
412 creativity.
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414  References

415 1. Sternberg R, Lubart T. In R. Sternberg (Ed.).The concept of creativity: Prospect and paradigm.
416 Handbook of creativity. 1999: (pp. 3—15). Cambridge: Cambridge University Press.
417 2. Plucker JA, Beghetto RA, Dow GT. Why isn't creativity more important to educational

418 psychologists? Potentials, pitfalls, and future directions in creativity research. Educational

419 Psychologist. 2004;39:83-96.

420 3. SiS, Zhang S, Yu Q, Zhang J. The interaction of DRD2 and parenting style in predicting

421 creativity. Thinking Skills and Creativity. 2018;27:64-77.

422 4. Chavez-Eakle RA, Eakle AJ, Cruz-Fuentes C. The multiple relations between creativity and

423 personality. Creativity Research Journal. 2012;24(1): 76-82. doi: 10.1080/10400419.2012.649233.
424 5. Badran I. Enhancing creativity and innovation in engineering education. European Journal of

425 Engineering Education. 2007;32(5).

426 6. Rohner RP, Khaleque A, Cournoyer DE. Parental Acceptance-Rejection: Theory, Methods,

427 Cross-Cultural Evidence, and Implications. Ethos. 2005;33(3):299-334.

428 7. Kandler C, Riemann R, Angleitner A, Spinath FM, Borkenau P, Penke L. The nature of creativity:
429 The roles of genetic factors, personality traits, cognitive abilities, and environmental sources.

430 Journal of personality and social psychology. 2016;111(2):230-249. doi: 10.1037/pspp0000087.
431 PubMed PMID: 26796983.

432 8. Simonton DK. Scientific creativity as constrained stochastic behavior: The integration of product,
433 person, and process perspectives. Psychological Bulletin. 2003;129(4):475-494. doi:

434 10.1037/0033-2909.129.4.475.

435 9. Reuter M, Roth S, Holve K, Hennig J. Identification of first candidate genes for creativity: a pilot
436 study. Brain Research. 2006;1069(1):190-7.

437 10. Runco MA, Noble EP, Reiter-Palmon R, Acar S, Ritchie T, Yurkovich JM. The Genetic Basis of
438 Creativity and Ideational Fluency. Creativity Research Journal. 2011;23(4):376-380. doi:

439 10.1080/10400419.2011.621859. PubMed PMID: WOS:000299566100010.

440 11. Zhang S, Zhang J. The Association of TPH Genes With Creative Potential. Psychology of

441 Aesthetics, Creativity, and the Arts. 2017;11(1):2-9.

442 12. Morawska A, Sanders MR. Parenting gifted and talented children: what are the key child

443 behaviour and parenting issues? Australian & New Zealand Journal of Psychiatry. 2008;42(9):819.

444 13. Kemple KM, Nissenberg SA. Nurturing creativity in early childhood education: families are part
445 of it. Early Childhood Education Journal. 2000;28:67-71.

446 14. Nichols RC. Twin studies of ability, personality and interests. Homo. 1978;20:158-173.

447 15. Reznikoff M, Domino G, Bridges C, Honeyman M. Creative abilities in identical and fraternal
448 twins. Behavior Genetics. 1973;3:365-377.

449 16. Belsky J, Bakermans-Kranenburg MJ, Ijzendoorn MHV. For better and for worse: differential

20


https://doi.org/10.1101/728600
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/728600; this version posted August 8, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

available under aCC-BY 4.0 International license.

susceptibility to environmental influences. Current Directions in Psychological Science.
2010;16(6):300-4.

Windle M, Mrug S. Hypothesis-driven research for G X E interactions: the relationship between
oxytocin, parental divorce during adolescence, and depression in young adulthood. Frontiers in
Psychology. 2015;6:13-22.

Abra JC, Valentinefrench S. Gender differences in creative achievement: a survey of explanations.
Genetic Social & General Psychology Monographs. 1991;117(3):233.

Liu G, Zhang S, Zhang J, Lee C, Wang Y, Brownell M. Autonomous Motivation and Chinese
Adolescents’ Creative Thinking: The Moderating Role of Parental Involvement. Creativity
Research Journal. 2013;25(4):446-456.

Ren F, Li Y, Zhang J. Perceived Parental Control and Chinese Middle School Adolescents’
Creativity: The Mediating Role of Autonomous Motivation. Psychology of Aesthetics Creativity &
the Arts. 2017;11(1):34-42.

Runco MA. Creativity: Theories and themes: Research, development, and practice. 2007; San
Diego, CA: Academic Press.

Stewart C, Mezzich AC, Day BS. Parental Psychopathology and Paternal Child Neglect in Late
Childhood. Journal of Child and Family Studies. 2006;15(5):542-553.

Schumacher JA, Slep AMS, Heyman RE. Risk factors for child neglect. Aggression & Violent
Behavior. 2001;6(2-3):231-254.

Youngblade LM, Belsky JSU. Social and Emotional Consequences of Child Maltreatment.In
M.Hersen & R. Ammerman (Eds.). Children at risk: An evaluation of factors contributing to child
abuse and neglect. 1990;Social and emotional consequences of child maltreatment.,
(pp.109-146)(New York, NY: Plenum Press.).

Khaleque A. Perceived parental neglect, and children’s psychological maladjustment, and negative
personality dispositions: a meta-analysis of multi-cultural studies. Journal of Child & Family
Studies. 2015;24(5):1419-28.

Horwitz AV, Widom CS, Mclaughlin J, White HR. The impact of childhood abuse and neglect on
adult mental health: a prospective study. Journal of Health and Social Behavior.
2001;42(2):184-201.

Rohner RP. The Warmth Dimension: Foundations of Parental Acceptance-Rejection Theory.
1986;Beverly Hills, CA: Sage Publications, Inc.

Fishbein D, Warner T, Krebs C, Trevarthen N, Flannery B, Hammond J. Differential relationships
between personal and community stressors and children’s neurocognitive functioning. Child
Maltreatment. 2009;14:299-315.

Fox NA, Almas AN, Degnan KA, Nelson CA, Zeanah CH. The effects of severe psychosocial
deprivation and foster care intervention on cognitive development at 8 years of age: findings from
the bucharest early intervention project. Journal of Child Psychology and Psychiatry.
2011;52(9):919-928.

Kantor GK, Holt MK, Mebert CJ, Straus MA, Drach KM, Ricci LR, et al. Development and
preliminary psychometric properties of the multidimensional neglectful behavior scale-child
report. Child Maltreatment. 2004;9:409-428.

Kaufman J, Jones B, Stieglitz E, Vitulano L, Mannarino AP. The use of multiple informants to
assess children’s maltreatment experiences. Journal of Family Violence. 1994;9:227-248.

Jager AO. Berliner Intelligenzstruktur-Test. 1982. PubMed Central PMCID: PMCHogrefe,

21


https://doi.org/10.1101/728600
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/728600; this version posted August 8, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

available under aCC-BY 4.0 International license.

Gottingen.

Guilford JP. Some Incubated Thoughts on Incubation. The Journal of Creative Behavior.
1979;13:1-8.

Albert RS. Genius and eminence. Pergamon Press. 1992.

Siegelman M. Parent behavior correlates of personality traits related to creativity in sons and
daughters. Journal of Consulting & Clinical Psychology. 1973;40(1):43-47.

Ehnvall A, Parker G, Hadzi-Pavlovic D, Malhi G. Perception of rejecting and neglectful parenting
in childhood relates to lifetime suicide attempts for females — but not for males. Acta Psychiatrica
Scandinavica. 2008;117(1):50.

Lee SJ, Taylor CA, Bellamy JL. Paternal depression and risk for child neglect in father-involved
families of young children. Child Abuse & Neglect. 2012;36(5): 461-9.

Dunn M, Tarter R, Mezzich A, Vanyukov M, Kirisci L, Kirillova G. Origins and consequences of
child neglect in substance abuse families. Clinical Psychology Review. 2002;22:1063-90.
Tamislemonda CS. Fathers and mothers at play with their 2- and 3-year-olds: contributions to
language and cognitive development. Child Development. 2004;75(6):1806-20.

Cabrera NJ, Tamis-LeMonda CS, Bradley RH, Hofferth S, Lamb ME. Fatherhood in the
twenty-first century. Child Development. 2000;71:127-136.

Levant RF. Toward the reconstruction of masculinity. Journal of Family Psychology.
1992;5(3-4):379-402.

Mackey WC, Coney NS. The enigma of father presence in relationship to sons' violence and
daughters' mating strategies: empiricism in search of a theory. Journal of Mens Studies.
2000;8(3):349-73.

Holman WD. The fatherbook: a document for therapeutic work with father-absent early adolescent
boys. Child & Adolescent Social Work Journal. 1998;15(2):101-115.

Bouchard Jr TJ, Lykken DT, Tellegen A, Blacker DM, Waller NG. Creativity, heritability,
familiarity: which word does not belong? Psychological Inquiry. 1993;4(3):235-7.

Si S, Zhang S, Yu Q, Zhang J. The interaction of DRD2 and parenting style in predicting
creativity. Thinking Skills and Creativity. 2018;27:64—77.

Lai TJ, Wu CY, Tsai HW, Lin YMJ, Sun HS. Polymorphism screening and haplotype analysis of
the tryptophan hydroxylase gene (TPH1) and association with bipolar affective disorder in Taiwan.
Bmc Medical Genetics. 2005;6(1):14.

Jokela M, Rédikkonen K, Lehtiméki T, Rontu R, Keltikangasjarvinen L. Tryptophan hydroxylase 1
gene (TPH1) moderates the influence of social support on depressive symptoms in adults. Journal
of Affective Disorders. 2007;100(3):191-7.

Paoloni-Giacobino A, Mouthon D, Lambercy C, Vessaz M, Coutant-Zimmerli S, Rudolph W, et al.
Identification and analysis of new sequence variants in the human tryptophan hydroxylase (TPH)
gene. Mol Psychiatry. 2000;5(1):49-55.

Sonuga-Barke EJS, Lasky-Su J, Neale BM, Oades R, Chen W, Franke B, et al. . Does parental
expressed emotion moderate genetic effects in adhd? an exploration using a genome wide
association scan American Journal of Medical Genetics Part B Neuropsychiatric Genetics.
2008;147B(8): 1359-68.

Kwak SH, Park BL, Kim H, German MS, Go MJ, Jung HS, et al. Association of variations in tphl
and htr2b with gestational weight gain and measures of obesity. Obesity. 2012;20(1):233-8.
Zhang S, Zhang M, Zhang J. An exploratory study on drd2 and creative potential. Creativity

22


https://doi.org/10.1101/728600
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/728600; this version posted August 8, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

available under aCC-BY 4.0 International license.

Research Journal. 2014;26(1):115-23.

Zhang S, Zhang M, Zhang J. Association of COMT and COMT-DRD?2 interaction with creative
potential. Frontiers in Human Neuroscience. 2014; 8(1):216.

Parker G, Tupling H, Brown LB. A Parental Bonding Instrument. British Journal of Medical
Psychology. 1979; 52:1-10.

Uji M, Tanaka N, Shono M, Kitamura T. Factorial structure of the parental bonding instrument
(PBI) in Japan: a study of cultural, developmental, and gender influences. Child psychiatry and
human development. 2006;37(2):115-32. doi: 10.1007/s10578-006-0027-4. PubMed PMID:
16858638.

Jiang J, Xu Y, Jiang B, Yu S, Zheng F. The reliability and validity of a Chinese version of the
parental bonding instrument. Psychological Science. 2009;32(1):193-6.

Zhang J, LiJ, Zheng X, Zhang S, Liu G. On the relationship between middle school students'
parenting styles and creative thinking:the mediating role of self-concept. Studies of Psychology &
Behavior. 2014;12(2):145-50.

Mulyadi S. Effect of the Psychological Security and Psychological Freedom on Verbal Creativity
of Indonesia Homeschooling Students. International Journal of Business and Social Science.
2010;1(2):72-29.

Rogers CR. Towards a theory of creativity. ETC: A Review of General Semantics.
1954;11:240-60.

Herrmannpillath C. Are the chinese ‘collectivists’? critical reflections on a conundrum in
understanding chinese culture. Social Science Electronic Publishing. 2015.

Chuang SS, Su Y. Do we see eye to eye? Chinese mothers’ and fathers’ parenting beliefs and
values for toddlers in Canada and China. Journal of Family Psychology. 2009;23(3):331.
Caldera Y. Paternal involvement and infant-father attachment: a Q-set study. Fathering A Journal
of Theory Research & Practice About Men As Fathers. 2004;2(2):191-210.

Glaser D. Child abuse and neglect and the brain—a review. Journal of Child Psychology &
Psychiatry & Allied Disciplines. 2000;41(1):97-116.

Zill P, Biittner A, Eisenmenger W, Miiller J, Moller HJ, Bondy B. Predominant expression of
tryptophan hydroxylase 1 mRNA in the pituitary: a postmortem study in human brain.
Neuroscience. 2009;159(4):1274-1282.

Zill P, Biittner A, Eisenmenger W, Moller HJ, Ackenheil M, Bondy B. Analysis of tryptophan
hydroxylase I and I mRNA expression in the human brain: a post-mortem study. Journal of
Psychiatric Research. 2007;41(1-2):168-73.

Abumaria N, Ribic A, Anacker C, Fuchs E, Fliigge G. Stress upregulates TPH1 but not TPH2
mRNA in the rat dorsal raphe nucleus: identification of two TPH2 mRNA splice variants. Cellular
& Molecular Neurobiology. 2008;28(3):331-42.

Ching-Lépez A, Cervilla J, Rivera M, Molina E, McKenney K, Ruiz-Perez I, et al.
Epidemiological support for genetic variability at hypothalamic—pituitary—adrenal axis and
serotonergic system as risk factors for major depression. Neuropsychiatric Disease & Treatment.
2015;11:2743-54.

Wigner P, Czarny P, Synowiec E, Bijak M, Biatek K, Talarowska M, et al. Association between
single nucleotide polymorphisms of TPH1 and TPH2 genes, and depressive disorders. Journal of
Cellular & Molecular Medicine. 2018.

Rohner RP. The parental "Acceptance-rejection Syndrome": universal correlates of perceived

23


https://doi.org/10.1101/728600
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/728600; this version posted August 8, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

582
583
584
585
586
587
588

available under aCC-BY 4.0 International license.

rejection. . American Psychologist. 2004;59(8):830.
69. Rohner RP. Introduction to Interpersonal Acceptance-Rejection Theory (IPARTheory)
and Evidence. Online Readings in Psychology and Culture. 2016;6(1). doi:
http://dx.doi.org/10.9707/2307-0919.1055.
70. Asghari R, Lung MS, Pilowsky PM, Connor M. Sex differences in the expression of

serotonin-synthesizing enzymes in mouse trigeminal ganglia. Neuroscience.
2011;199(199):429-437.

24


https://doi.org/10.1101/728600
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/728600; this version posted August 8, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Table 1 Frequency of the TPHI rs623580

TPHI rs623580 Full sample
1 349(64.7%)
0 190(35.3%)

Note. Frequency of each allele (0=GG,1=AA & AG) and corresponding percentage (in parentheses) are reported
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Table 2 Correlations among primary study variables

Variable 1 2 3 4 5 6 7 8
l.age —
2.gender 101" —
3.1s623580 -.027 -.061 —
4.PC -.102" -.045 -.019 (.84)
5.PI .077 .075 -.006 -7417 (.78)
6. fluency -012 278" -.058 A27* -107* (.86)
7. originality -.004 -.195™ -.050 A17 -.089* .930™ (.83)
8. flexibility -.031 -225™ -.073 d12* -.085" .819™ 741 (.69)
Mean 18.91 34 .65 2.03 .76 10.05 4.88 5.10
SD 1.08 A7 A48 .59 .54 4.20 3.00 1.26

Note. Male = 1, Female = 0; PC = Paternal care, PI = Paternal indifference & neglect; “p < .05, **p <.01.
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Table 3 Hierarchical linear regression analysis testing the effects of Paternal indifference & neglect, TPH genotype and their interaction on creativity.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Fluency Fluency Fluency Originality Originality Originality Flexibility Flexibility Flexibility
Variables s s B s p s p s s
Age .001 .000 -.010 .008 .006 -.002 -.020 -.022 -.031
PC 125™ .104 .105 A17 112 112 .108* .104 .105
PI -.028 119 -.005 132 -.004 138
15623580 -.056 -.056 -.047 -.048 -.071 -.071
PI x 15623580 -.182 -.170 -.175
F 4275 2.593" 3.375™ 3.650" 2.127 2.826" 3.401" 2.386" 3.103*
R? .016 .019 .031 .013 .016 .026 .013 .018 .028
.012 .012 .022 .010 .008 .017 .009 .010 .019
AR?

Note. Male = 1, Female = 0; PC= Paternal care, PI= Paternal indifference & neglect; “p < .05, **p < .01.
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Table 4 Hierarchical linear regression analysis testing the effects of TPH genotype, gender and their interaction on creativity.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Fluency Fluency Fluency Originality Originality Originality Flexibility Flexibility Flexibility
Variables s )il s B S il s i s
-.012 .015 .011 -.004 .014 011 -.031 -.011 -.017
Age
15623580 -.074 -.039 -.062 -.028 -.087 -.018
-.283" -220™ -.200"" -.141" 228" -.106
Gender
rs623580xGender ~085 ~080 ~165
F .078 15.994™* 12.337"* .009 7.796"* 6.131" .524 10.875™ 9.451™
R2 .000 .082 .085 .000 .042 .044 .001 .058 .066
R? -.002 .077 .078 -.002 .037 .037 .000 .052 .059

Note. Male = 1, Female = 0; PC= Paternal care, PI= Paternal indifference & neglect; *p < .05, *p <.

01, ""p < .00L.
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Figure 1. Effect of Paternal indifferencex TPH1 rs623580 on Fluency, Flexibility, and Originality.

Figure 2. Effect of TPHI1 rs623580 x Gender on Flexibility.
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