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ARTICLE OPEN

Magical thinking in individuals with high polygenic risk for
schizophrenia but no non-affective psychoses—a general
population study
Aino Saarinen 1✉, Leo-Pekka Lyytikäinen 2,3,4, Jarmo Hietala 5, Henrik Dobewall6, Veikka Lavonius1, Olli Raitakari7,8,9,
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A strong genetic background for psychoses is well-established. Most individuals with a high genetic risk for schizophrenia, however,
do not develop the disorder. We investigated whether individuals, who have a high genetic risk for schizophrenia but no non-
affective psychotic disorders, are predisposed to develop milder forms of deviant thinking in terms of magical thinking. Participants
came from the population-based Young Finns Study (n= 1292). The polygenic risk score for schizophrenia (PRS) was calculated on
the basis of the most recent genome-wide association study (GWAS). Psychiatric diagnoses over the lifespan were collected up to
2017 from the registry of hospital care. Magical thinking was evaluated with the Spiritual Acceptance Scale (e.g., beliefs in telepathy,
miracles, mystical events, or sixth sense) of the Temperament and Character Inventory in 1997, 2001, and 2012 (participants were
20–50-year-olds). We found that, among those who did not develop non-affective psychotic disorders, high PRS predicted higher
magical thinking in adulthood (p= 0.001). Further, PRS predicted different developmental courses: a low PRS predicted a steady
decrease in magical thinking from age 20 to 50 years, while in individuals with high PRS the decrease in magical thinking ceased in
middle age so that their level of magical thinking remained higher than expected for that age. These findings remained when
controlling for sex, childhood family environment, and adulthood socioeconomic factors. In conclusion, if high PRS does not lead to
a non-affective psychotic disorder, it predicts milder forms of deviant thinking such as elevated magical thinking in adulthood,
especially in middle age. The finding enhances our understanding of different outcomes of high genetic psychosis risk.

Molecular Psychiatry (2022) 27:3286–3293; https://doi.org/10.1038/s41380-022-01581-z

INTRODUCTION
Familial risk is the strongest single risk factor predicting
schizophrenia [1], with offspring of schizophrenia patients having
7.5-fold higher risk for the disorder [2]. Approximately 9–10% of
first-degree relatives and 6% of second-degree relatives of
schizophrenia patients develop the disorder during their lifetime
[3, 4]. Molecular genetic studies first identified a variety of
candidate genes for schizophrenia, while most of the candidate-
gene findings did not survive in meta-analyses [5]. Recently,
polygenic risk scores have been formed on the basis of genome-
wide association studies (GWAS), consisting of a comprehensive
set of SNPs (i.e., a difference in a single DNA nucleotide) associated
with schizophrenia. A major breakthrough occurred in a GWAS
study that identified 83 new loci for schizophrenia and reported
altogether 128 schizophrenia-related SNPs, including loci asso-
ciated with genes involved in e.g. glutamatergic neurotransmis-
sion, synaptic plasticity, and calcium channels [6]. Thereafter, a
meta-analysis including individuals from East-Asian and European

ancestries found a total of 208 associations in 176 genetic loci [7].
Most recently, a pre-print (not peer-reviewed) meta-analysis of
GWAS studies on schizophrenia in individuals from European and
East-Asian ancestries reported common variant associations at 270
distinct loci [8]. There is also evidence for some degree of
population-specificity in risk variants for schizophrenia [7].
Recently, it has also been found that most schizophrenia patients
may carry ultra-rare coding variants conveying a heightened risk
for schizophrenia [9]. Estimates have varied about how much
different polygenic risk scores for schizophrenia explain the
variation in liability to schizophrenia: some GWAS studies on
schizophrenia report estimates of 23–33% [10, 11], whereas a
recent review provides an estimate of 7.7% [12].
Previous research has concentrated on individuals with a

schizophrenia-susceptible genotype who develop the phenotype
(psychosis) during their lifetime. This approach, however, excludes
a majority of individuals with schizophrenia-susceptible genotype,
because ~90–91% of first-degree relatives of schizophrenia do not
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develop the disorder during their lifetime [3, 4]. Further, although
high values of polygenic risk scores for schizophrenia predict a
higher likelihood of psychoses, their specificity in predicting
different mental disorders is noted to be comparatively low [6, 13].
Thus, a high polygenic risk may not only represent a liability to
psychosis, but also may refer to a broader liability to a variety of
harmful outcomes other than psychoses.
Those other outcomes have remained, however, mostly

unknown. Within the past few years, a few studies have emerged
examining the outcomes of individuals with schizophrenia-
susceptible genotype without psychoses. A majority of the studies
focused on brain outcomes and found that a high polygenic risk
for schizophrenia (PRS) is not associated with structural changes in
the brain [14], but correlates with a stronger frontal activity during
cognitive tasks [15].
Additionally, there have been some single and conflicting

findings on whether PRS relates to cognitive capacity [16, 17] or
health behaviors such as smoking, sleep quality, and binge eating
[18, 19]. To the best of our knowledge, psychosocial outcomes of
polygenic risk for schizophrenia have been examined in a total of
five studies. It has been found that high PRS relates to higher trait
anxiety [20], higher creativity [21], and a higher number of
children in women [22], while PRS is not associated with apathy
[23] or the number of days in cohabiting relationships [24].
The present study investigated whether PRS predicts magical

thinking, referring to one’s disposition to believe in telepathy,
miracles, mystical events, sixth sense, forecasting, or a higher-level
force or special power. Thus, magical thinking is an umbrella term
including paranormal experiences, mystical ideation, superstitious-
ness, or anomalous experiences. Most common magical beliefs are
found to be precognitive dreams, contact with the dead, or
astrological beliefs that occur in 13–15% of the population
[25, 26]. According to the current diagnostic classification (the 5th
edition of the Diagnostic and Statistical Manual of Mental
Disorders, DSM-5) [27], magical thinking can be a sign of various
disorders other than psychoses. First, it represents a domain of
positive schizotypy, referring to deviant personality development
in terms of delusion-like thinking in a restricted domain but a
relatively intact level of functioning [27]. Second, if co-occurring
with certain other features, it may be a sign of attenuated
psychosis syndrome (i.e., milder symptoms below the threshold of
psychosis) [27]. In addition, magical thinking can transiently occur
in the context of other psychiatric disorders such as obsessive-
compulsive disorder or histrionic personality disorder [27]. Taken
together, magical thinking can be conceptualized as deviant
thinking, typically not distorting reality psychotically but repre-
senting milder psychiatric ill-being.
The current study investigated whether individuals, who have a

high genetic risk for schizophrenia but no non-affective
psychoses, develop stronger deviant thinking, in terms of magical
thinking (e.g., beliefs in telepathy, miracles, mystical events, and
sixth sense). We used data from the population-based Young
Finns Study (YFS), including a population-based sample and a 15-
year follow-up of magical thinking. Magical thinking was assessed
with an established and well-researched personality inventory.
Genetic risk for schizophrenia was assessed in terms of a
polygenic risk score for schizophrenia (PRS), calculated on the
basis of the most recent GWAS study on schizophrenia that was
conducted by the Schizophrenia Working Group of the Psychiatric
Genomics Consortium et al. [6].

MATERIALS AND METHODS
Participants
The participants come from the Young Finns Study (YFS) which is an
ongoing prospective follow-up study. The YFS started in 1980 (baseline
measurement) and the participants have been followed over a 37-year
prospective follow-up (1983, 1986, 1989, 1992, 1997, 2001, 2007, 2012, and

2017). Participants were selected from the population register of the Social
Insurance Institution, and the original sample included 3 596 participants
from six different age cohorts (born in 1962, 1965, 1968, 1971, 1974, and
1977). The design of the YFS is described with further details elsewhere
[28, 29]. In this study, we included all the participants who had data
available on polygenic risk for schizophrenia, psychiatric diagnoses,
magical thinking in at least one measurement year (1997, 2001, or 2012),
childhood family circumstances (1980/1983), and socioeconomic factors in
adulthood (2011). The final sample size of the present study was 1292
participants.
The YFS has been carried out in accordance with the Declaration of

Helsinki, and the study design has been approved by the ethical
committees of all Finnish Universities with a medical faculty (Universities
of Helsinki, Turku, Tampere, Kuopio, and Oulu). All the participants or their
parents (if participants aged <18 years) provided informed consent before
participation.
The datasets presented in this article are not readily available because

YFS is an ongoing follow-up study and the datasets are not anonymised,
and the GDPR prevents public sharing of the data. Instead, pseudonymised
datasets are possible to share on request, and require a data-sharing
agreement between the parties. Requests to access the datasets should be
directed to Katri Räikkönen (katri.raikkonen@helsinki.fi) or Niklas Ravaja
(niklas.ravaja@helsinki.fi) for childhood psychosocial factors, to Terho
Lehtimäki (terho.lehtimaki@tuni.fi) for the genetic dataset, and to Liisa
Keltikangas-Järvinen (liisa.keltikangas-jarvinen@helsinki.fi) for magical
thinking dataset. The statistical code of the analyses can be requested
from the corresponding author.

Measures
Polygenic risk score for schizophrenia. The PRS was calculated on the basis
of the summary statistics of the most recent GWAS on schizophrenia that
was conducted by Schizophrenia Working Group of the Psychiatric
Genomics Consortium et al. and published in Nature [6]. Specifically, a
weighted polygenic risk score [30] for every study subject was created by
summing up each participant’s schizophrenia-associated risk alleles
weighted by risk allele beta estimates [6]. Additionally, an unweighted
polygenic risk score was calculated (i.e., summing up schizophrenia-
associated risk alleles without weighting them differently). Altogether 128
independent SNPs reaching genome-wide significance in the schizophre-
nia GWAS were included in the PRS.
More specifically, genotyping was done for 2556 samples using custom

build Illumina Human 670k BeadChip at Welcome Trust Sanger Institute.
Sample call rate <0.95, excess heterozygosity, sex mismatch, cryptic
relatedness (pi-hat >0.2), SNP call rate <0.95, MAF < 0.01, and HWE p value
<1e-6 were used as quality control filters. After the quality control, there
were 2443 samples and 546,677 genotyped SNPs available for further
analysis. Genotype Imputation to 1000 Genomes reference was performed
using SHAPEIT v1 for haplotype phasing and IMPUTE2 and 1000 Genomes
March 2012 haplotypes for genotype imputation. SNPs with imputation
information metric >0.3 were considered as well-imputed.

Magical thinking. Magical thinking was assessed with the scale of
“Spiritual Acceptance” which is a subscale of “Self-Transcendence” in the
Temperament and Character Inventory [31]. The subscale includes
altogether 13 items that are responded to with a 5-point scale (1= totally
disagree; 5= totally agree). The scale measures one’s disposition to believe
in telepathy, miracles, mystical events, sixth sense, and the existence of a
higher-level force. Examples of the items are as follows: “I believe that
miracles can happen”; “I think I have a “sixth sense” that tells me what is
going to happen”, “I believe that extrasensory perception (e.g., telepathy,
forecasting) is really possible”; “I am excited about such life events that
cannot be explained scientifically”.
Individuals at clinical high risk for psychosis are shown to have higher

scores of Spiritual acceptance [32]. Moreover, high scores of “self-
transcendence” are shown to be more common in schizophrenia patients
(vs. controls) [33, 34] and schizophrenia patients’ relatives with schizotypal
features (vs. controls) [35], to correlate with a schizotypal personality style
in a non-clinical sample [36, 37], and to correlate with higher psychotic-like
experiences [38, 39]. Additionally, Cloninger’s biopsychosocial model of
temperament and character postulates that schizotypal character profile
includes high Self-transcendence [40]. Taken together, high Self-
transcendence is shown to be closely related to schizotypal features.
For each measurement year (1997, 2001, and 2012), we calculated a

mean score of the items for all the participants who had responded to at
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least 50% of the items of the Spiritual Acceptance scale (at that follow-up
point). Of these participants, almost all had responded to all the items. That
is, in 1997, 97.4%, 98.2%, and 98.8% of them had no missing values on the
scale 1997, 2001, and 2012, respectively. The rest of them had missing
values only in one or two items of the scale. In the analyses, we included all
the participants who had data available on the mean score of magical
thinking in at least one measurement year.
Finally, the mean scores were standardized with the mean and standard

deviation of the first measurement year (1997), in order to stabilize the
growth-curve trajectories of magical thinking in multilevel models. The
scores of magical thinking in 1997–2012 were added as a time-variant
outcome variable to the analyses.

Psychiatric diagnoses. Participants’ psychiatric diagnoses over their life-
span were collected up to 2017 from the Care Register for Health Care (also
known as the Finnish Hospital Discharge Register) (https://thl.fi/en/web/
thlfi-en/statistics-and-data/data-and-services/register-descriptions/care-
register-for-health-care). In 2017, the participants were 40–55 years old
and, thus, older than the typical onset age of schizophrenia [41]. In the
register, diagnoses were given in accordance with the diagnostic
classification that was prevailing at that time (ICD-8, ICD-9, or ICD-10).
ICD-diagnoses were converted to DSM-IV diagnoses, and this conversion is
described elsewhere [42]. Diagnoses were grouped into the following
categories: [1] non-affective psychotic disorders, [2] substance-related
disorders, [3] affective disorders (mood and anxiety disorders), and [4]
personality disorders. Participants with many psychiatric diagnoses were
categorized into only one of the groups in the following priority order:
non-affective psychoses (DSM-IV 295, 297, 298), personality disorders
(DSM-IV 301), affective disorders (mood and anxiety disorders, DSM-IV 296,
300, 311), and substance-related disorders (DSM-IV 291, 303, 292, 304, 305).
In this study, we used only data on non-affective psychoses (for

excluding participants with non-affective psychoses). The register is found
to cover as much as 93% of schizophrenia-spectrum psychoses and 97% of
psychotic disorders [43] and has been used also previously for research
purposes [44].

Socioeconomic covariates in adulthood. Socioeconomic covariates in
adulthood (in 2011) included level of income, occupational status, and
educational level. The level of income was assessed with a 13-point scale
(1= <5000€; 13= >60,000€). Occupational status was classified into three
categories (1=manual worker; 2= lower-grade non-manual worker; 3=
upper-grade non-manual worker). Educational level included three classes
(1= comprehensive school, i.e., the first nine school years; 2= occupa-
tional school or high school; 3= academic level, i.e., university or college).
Each socioeconomic variable was added as a separate time-invariant
covariate to the analyses.

Childhood psychosocial environment. All the childhood environmental
characteristics were assessed with questionnaires presented to the parents
in 1980. In case there were missing values in 1980, we imputed them using
data from the closest possible follow-up point (in 1983).
The cumulative score of stressful life events included the following

factors: change of residence, number of changes of school, parental
divorce (whether parents living together or separated), mother’s or father’s
death, mother’s or father’s hospitalization within the past 12 months, and
child’s hospitalization due to sickness or accident. The cumulative score of
adverse socioeconomic circumstances included the following factors:
parents’ occupational status, parents’ educational level, family income,
unstable employment situation, and overcrowded apartment. The
cumulative score of unfavorable emotional family atmosphere included
the following factors: emotional distance between the child and parent,
parental intolerance toward the child, strict discipline toward the child,
parental life dissatisfaction, mother’s or father’s mental disorder, and
mother’s or father’s frequent alcohol intoxication. The scales of parental life
satisfaction and child-rearing practices have been used previously [45–47].
A detailed description of the assessment of childhood family environment
is provided in Supplementary Methods.

Statistical analyses
First, we excluded all the participants with non-affective psychotic
diagnoses (n= 74) from the dataset. Next, we examined attrition over
the follow-up using independent samples t tests (continuous variables)
and chi-square tests (categorical variables). The longitudinal associations of
PRS with the curve of magical thinking over the 15-year follow-up (1997,

2001, and 2012) were investigated using growth-curve modeling (max-
imum likelihood estimation) which has stronger statistical power than
many other methods [48]. The models estimated the curve of magical
thinking for all the participants who had data available in at least one
measurement year of magical thinking. The assumptions of the growth-
curve models were graphically examined and found to be approximately
confirmed. The growth-curve models estimate fixed effects and random
effects. Fixed effects can be interpreted as regression coefficients. In
Models 1, our greatest interest was the main effect of PRS on the curve of
magical thinking. We estimated fixed effects for the PRS, age, age-squared,
sex, childhood family circumstances (stressful life events, adverse socio-
economic circumstances, and unfavorable emotional family atmosphere),
and socioeconomic factors in adulthood (level of income, occupational
status, educational level). In Models 2, we examined whether age modifies
the association of PRS with magical thinking and, thus, we added the
interaction between PRS and age. In all the models, random effects
included individual-level variation in the intercept (i.e., individual-level
variance in the mean level of magical thinking over the follow-up) and
residual variance (i.e., within-individual variation over the 15-year follow-
up). In order to reduce potential multicollinearity in the multilevel models,
age was centered on the age of the youngest age cohort in the first
measurement year of the outcome variable (i.e., with the age of 20 years as
we predicted magical thinking in 1997–2012). Finally, for each growth-
curve model, we calculated the Bosker/Snijders pseudo R2 value which is
an established method for multilevel modeling [49, 50]. The Bosked/
Snijders pseudo R2 is estimated separately for level 1 and level 2 effects.
The Bosker/Snijders pseudo R2 is not very informative in evaluating a single
model, but it can provide useful information when comparing various
models.

RESULTS
Included participants, i.e., the YFS participants who were included
in the data analyses, were slightly older (42.9 vs. 42.3 years, p <
0.01) than dropped-out participants. Women were more likely to
participate than men (40.4% vs 31.2%, p < 0.001). There was no
attrition bias in weighted or unweighted PRS. Included partici-
pants had slightly less magical thinking in 1997 (2.66 vs. 2.75, p <
0.05) and in 2012 (2.45 vs. 2.58, p < 0.01) but not in 2001 (when
compared to dropped-out participants). Included participants had
on average slightly less-adverse childhood family circumstances:
fewer stress-prone events (−0.03 vs. 0.02, p < 0.01), less-adverse
socioeconomic circumstances (−0.085 vs 0.06, p < 0.001), and less-
adverse emotional family atmosphere in childhood (−0.03 vs. 0.03,
p < 0.01) than dropped-out participants. Included participants had
also a higher socioeconomic position in adulthood: they had a
higher level of income (7.68 vs. 6.76, p < 0.001), had less likely a
low educational level (2.5% vs. 34.8%, p < 0.001), and were more
likely upper-level non-manual workers (43.3% vs. 37.2%, p < 0.001)
(when compared to dropped-out participants).
The descriptive statistics of the study variables among included

participants are shown in Table 1. The age range of the
participants during the measurement of magical thinking is
depicted in Supplementary Fig 1. The measurement years of the
study variables are summarized in Supplementary Table 1.

Main analyses
First, we examined possible sex-interactions of the PRS when
predicting magical thinking. There were no significant age
interactions (p= 0.899 and p= 0.816 for the interaction of sex
with weighted and unweighted PRS, respectively). Consequently,
the analyses were run for both sexes in the same analysis.
Then, we examined the main effect of the PRS on the

development of magical thinking (in participants without non-
affective psychotic diagnoses). The results of the growth-curve
models are presented in Tables 2 and 3. Fixed effects can be
interpreted as regression coefficients. In Models 1, we found that
high weighted PRS (B= 0.077, p= 0.001, see Table 2) and high
unweighted PRS (B= 0.082, p= 0.001, see Table 3) had a positive
main effect on magical thinking (i.e., high weighted and
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unweighted PRS predicted higher curve of magical thinking in
adulthood). The significant main effects of age and age-squared
indicated that the curve of magical thinking over age was
curvilinear.
Second, in Models 2 (Tables 2 and 3), we investigated the

interactions between age and the PRS, i.e., whether the
association of PRS with magical thinking changes over different
age periods. We found a significant positive age-interaction (p=
0.034 for weighted PRS; p= 0.011 for unweighted PRS), indicating
that the associations of the weighted and unweighted PRS with
magical thinking were modified by age. The age-interaction is
illustrated in Fig. 1. As can be seen from Fig. 1a, b, a low weighted
and unweighted PRS predicted a steady decrease in magical
thinking from age 20 to 50 years. On the contrary, in individuals
with high weighted or unweighted PRS, the decrease in magical
thinking seemed to cease in middle age so that their level of
magical thinking remained higher than expected for that age.
All these findings (presented in Tables 2 and 3) were adjusted

for sex, childhood family environment (stressful life events,
adverse socioeconomic circumstances, unfavorable emotional
family atmosphere), and socioeconomic factors in adulthood
(level of income, occupational status, educational level). Regarding
random effects, in Models 1 and 2, we found that there was a
significant variance of intercept (i.e., there was individual-level
variation in the mean level of magical thinking over the 15-year
follow-up). The values of pseudo R squares cannot be directly
interpreted as percentages of explained variance. Nevertheless,
the pseudo R2 values showed that the weighted and unweighted
PRS explained approximately a similar amount of variance.

Additional analyses
First, as additional analyses, we examined the validity of the PRS.
That is, we used logistic regression analysis and predicted the
likelihood of non-affective psychoses (0= not diagnosed with
non-affective psychosis; 1=diagnosed with non-affective psycho-
sis) by the weighted and unweighted PRS. We found that
weighted PRS (OR= 1.585, p= 0.005) and unweighted PRS
(OR= 1.536, p= 0.010) predicted higher likelihood of non-
affective psychoses. Thus, the validity of the PRS was supported.
Second, we reran the analyses so that also participants with

affective disorders (mood/anxiety disorders) were excluded from
the sample. This is because the PRS predicts a higher likelihood of

Table 1. Descriptive statistics of the study variables (n= 1292).

M (SD) Frequency (%)

Age (in 2012) 42.8 (5.06)

Sex (Female) 741 (57.4)

Magical thinkinga

1997 2.67 (0.79)

2001 2.62 (0.81)

2012 2.45 (0.80)

Polygenic score for schizophreniab

Weighted −0.03 (1.01)

Unweighted 0.03 (0.99)

Educational level in adulthood

Comprehensive school 32 (2.5)

Occupational school or
high school

680 (52.6)

Academic level 580 (44.9)

Occupational status in adulthood

Manual worker 219 (17.0)

Lower-grade non-
manual worker

514 (39.8)

Upper-grade non-
manual worker

559 (43.3)

Level of income in adulthood

Childhood covariates

Cumulative score for stressful
life events

−0.03 (0.39)

Cumulative score for adverse
socioeconomic circumstances

−0.08 (0.62)

Cumulative score for
unfavorable emotional family
atmosphere

−0.03 (0.43)

aThe unstandardized statistics of magical thinking (in the analyses, we used
standardized scores).
bThe polygenic score for schizophrenia was standardized in the main
sample (mean= 0, SD= 1).

Table 2. Results of multilevel models with a longitudinal design.

Magical thinking in adulthood (n= 1292)

Model 1 pseudo R2:Level 1:0.114, Level
2:0.120

Model 2 pseudo R2:Level 1:0.114, Level
2:0.119

B SE p B SE p

Fixed effects

Intercept −0.029 0.132 0.827 −0.030 0.132 0.820

Age −0.033 0.004 <0.001 −0.033 0.004 <0.001

Age squared 0.001 0.000 <0.001 0.001 0.000 <0.001

PRSWGT 0.077 0.024 0.001 0.036 0.031 0.251

PRSWGT × age 0.003 0.001 0.034

Random effects

Variance of intercept 0.802 0.019 <0.05 0.802 0.019 <0.05

Residual variance 0.488 0.008 <0.05 0.488 0.008 <0.05

Estimates (B) with standard errors (SE) of weighted polygenic risk score for schizophrenia (PRSWGT) and age, when predicting standardized scores of magical
thinking in adulthood.
“Fixed effects” refer to the classic regression coefficients. “Random effects” refer to the between-individual variation in the intercept and residual variance.
Models 1 and 2 were otherwise identical but, in Model 2, we added the age-interaction of the PRS.
Models were adjusted for sex, childhood family environment (stressful life events, adverse socioeconomic circumstances, unfavorable emotional family
atmosphere), and socioeconomic factors in adulthood (level of income, occupational status, educational level).
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non-affective psychoses and also a slightly higher likelihood of
affective disorders [51]. The results were replicated. The results are
presented in Supplementary Table 2.
Third, as the scale of magical thinking is a subscale of “Self-

transcendence” in the TCI, we additionally examined whether the
PRS predicts the two other subscales of “Self-transcendence”, i.e.,
“Self-forgetful experiences” and “Transpersonal identification”. The
scale of “Self-forgetful experiences” assesses one’s disposition to
be absent-minded, to lose perception of time, place, and
surrounding events when being concentrated, and to have
sudden experiences of understanding or realization when being
relaxed. The scale of “Transpersonal identification” evaluates one’s
disposition to experience a strong spiritual or emotional connec-
tion to other people, nature, and the universe, disposition to
experience that everything seems to be a part of a living
organism, and disposition to make effort to protect animals,
plants, and the world. A more detailed description of the scales is
available in Supplementary Methods. In these additional analyses,
we used analogous growth-curve models than in the main
analyses. The results are presented in Supplementary Tables 3 and
4. High PRS predicted higher curve of self-forgetful experiences in
adulthood (B= 0.057, p= 0.017 for the weighted PRS; B= 0.059, p
= 0.012 for the unweighted PRS). PRS did not predict transperso-
nal identification. These findings were adjusted for age, sex,
childhood family environment (stressful life events, adverse
socioeconomic circumstances, unfavorable emotional family
atmosphere), and socioeconomic factors in adulthood (level of
income, occupational status, educational level).

DISCUSSION
The present study showed that individuals, who have a high
genetic risk for schizophrenia but no diagnosed non-affective
psychoses, may still be predisposed to develop a higher level of
magical thinking (i.e., beliefs in telepathy, miracles, mystical
events, and sixth sense) in middle age. Further, PRS predicted
different developmental courses of this thinking: a low PRS
predicted a steady decrease in magical thinking from age 20 to 50
years, while in individuals with high PRS the decrease in magical
thinking ceased in middle age. These findings remained when
controlling for age, sex, childhood adversities, and socioeconomic
position in adulthood. Taken together, we found that if high

genetic risk for schizophrenia does not lead to a non-affective
psychosis, it may predict milder forms of deviant thinking such as
elevated magical thinking in adulthood, especially after young
adulthood.
A social marginality hypothesis proposes that socially marginal

or disadvantaged groups may develop magical beliefs as a way to
take control over their lives and to feel empowerment [52]. Also, it
has been speculated that magical thinkers may have experienced
childhood adversities [52]. Our results showed that genetic
susceptibilities predict magical thinking independently of child-
hood adversities or a socioeconomic position in adulthood.
Magical thinking may develop as a maladaptive coping mechan-
ism or filter that protects from encountering a threatening reality
and creates a sense of emotional security [52].
Some previous cross-sectional findings have proposed that

magical thinking may relate to an increased risk for psychosis
[32, 53]. Additionally, a review stated that high schizotypy (one
domain of schizotypy being magical thinking) may play a role in
the etiology of schizophrenia-spectrum disorders [54]. Never-
theless, it is necessary to consider that most individuals with high
schizotypy will not develop a psychosis [54], not supporting a view
that magical thinking could play a clear causal role in the
development of psychotic disorders. In addition, to the best of our
knowledge, no longitudinal has investigated the temporal
relationships between magical thinking and proneness to
psychotic disorders. Our findings provide a novel perspective
indicating that, in many cases, magical thinking may develop after
the typical age at the onset of schizophrenia.
Our additional analyses showed that high PRS may also predict

slightly higher proneness to self-forgetful experiences, referring to
the disposition to be absent-minded, to lose perception of time,
place, and surrounding events when being concentrated, and to
have sudden experiences of understanding or realization when
being relaxed. This association was comparatively weak but,
nevertheless, supported our main finding that PRS may predict
mild forms of deviant thinking. Specifically, high self-absorption is
related to hallucination proneness [55] and is typically elevated in
schizophrenia-spectrum patients [56]. Further, high self-
absorption predisposes to intrusive experiences [57], referring to
situations where one’s past memories are not consciously
processed but are experienced as some kind of non-specific
distress in the present moment. Accordingly, it has been

Table 3. Results of multilevel models with a longitudinal design.

Magical thinking in adulthood (n= 1292)

Model 1 pseudo R2: Level 1:0.115, Level
2:0.121

Model 2 pseudo R2: Level 1:0.115, Level
2:0.120

B SE p B SE p

Fixed effects

Intercept −0.028 0.132 0.834 −0.029 0.132 0.823

Age −0.033 0.004 <0.001 −0.033 0.004 <0.001

Age squared 0.001 0.000 <0.001 0.001 0.000 <0.001

PRSSUM 0.082 0.024 0.001 0.032 0.031 0.294

PRSSUM×age 0.004 0.001 0.011

Random effects

Variance of intercept 0.801 0.019 <0.05 0.802 0.019 <0.05

Residual variance 0.488 0.008 <0.05 0.487 0.008 <0.05

Estimates (B) with standard errors (SE) of unweighted polygenic risk for schizophrenia (PRSSUM) and age, when predicting standardized scores of magical
thinking in adulthood.
“Fixed effects” refer to the classic regression coefficients. “Random effects” refer to the between-individual variation in the intercept and residual variance.
Models 1 and 2 were otherwise identical but, in Model 2, we added the age-interaction of the PRS.
Models were adjusted for sex, childhood family environment (stressful life events, adverse socioeconomic circumstances, unfavorable emotional family
atmosphere), and socioeconomic factors in adulthood (level of income, occupational status, educational level).
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emphasized that being “locked in” one’s mind is a central
characteristic of the psychosis spectrum [57].
PRS did not, however, predict the trajectory of transpersonal

identification in adulthood (i.e., disposition to experience a
connection to other people, nature, and the universe; and to
experience that everything seems to be a part of a living
organism). In mindfulness practices, transpersonal identification is
regarded as a beneficial trait that is aimed to be deliberately
enhanced: mindfulness aims to enhance connections between the
self and others and one’s willingness to benefit from universal
well-being beyond the self [58–60]. Transpersonal identification is
found to be at a higher level in meditators than in non-meditators
[61]. Hence, transpersonal identification seems not to be a
maladaptive form of deviant thinking but to represent a “healthy”
sort of spirituality.
The onset of schizophrenia typically occurs in early adulthood

(at the age of ca. 24–28 years) [41, 62, 63], with another minor
peak closer to middle age (among ca. 43–47-year-olds) [41, 62, 63].
Our participants were middle-aged at the time of collecting
psychiatric diagnoses from the Finnish Hospital Discharge Register
and, thus, not likely to develop psychoses after this study.
Nevertheless, we cannot exclude the possibility that some
participants may develop a late-onset psychosis despite its rarity.

After the age of 65 years, the incidence of schizophrenia is
approximately 7.5 per 100,000 person-years [64] and the
prevalence of the disorder is ca. 0.1% [65]. A majority of late-
onset psychoses are “secondary psychoses” related to dementia,
delirium, medications, or other medical conditions [66]. Late-onset
schizophrenia most typically includes persecutory delusions or
auditory hallucinations [67], indicating that magical thinking is not
common in that disorder.
Some limitations must be taken into consideration. First, the

correlates of magical thinking, self-transcendence, and spirituality
may be partly culturally specific. In Finland, self-transcendence is
normatively at a comparatively low level, with high scores
correlating with adverse health outcomes such as a higher
likelihood of paranoid ideation [68]. In the US self-transcendence
is at a higher level than in some European countries [69], and
scientific explanations are more common than magical explana-
tions in British but not Mexican individuals’ judgments [70].
Nevertheless, a review proposed that the associations of ST with
health or well-being may not be different between cultures [71].
Second, as is common in long-term follow-up studies [72, 73],

included participants were more likely to be women, had
experienced less-adverse childhood circumstances, and had a
higher socioeconomic position in adulthood. However, there was
no practical difference in magical thinking or PRS between
included and excluded participants, and the data of the Young
Finns study has been found to be missing at random [74]. Further,
it has been shown that attrition rarely produces any substantial
bias in the findings of longitudinal studies [75].
This study had many strengths: we had a fairly large population-

based sample, PRS was calculated on the basis of the most recent
GWAS study on schizophrenia, and diagnoses were collected from
the Finnish national registry of hospital care. Additionally, as
magical thinking is found to change slowly over age [76], our 15-
year follow-up of personality development provides exceptional
possibilities to detect even comparatively minor developmental
changes [77].
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