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ARTICLE OPEN
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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� ndings 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� nding enhances our understanding of different outcomes of high genetic psychosis risk.
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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
� rst-degree relatives and 6% of second-degree relatives of
schizophrenia patients develop the disorder during their lifetime
[3, 4]. Molecular genetic studies� rst identi� ed a variety of
candidate genes for schizophrenia, while most of the candidate-
gene � ndings 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 identi� ed 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-speci� city 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� rst-degree relatives of schizophrenia do not
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