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Nongenetic Factors Associated With Psychotic Experiences
Among UK Biobank Participants
Exposome-Wide Analysis and Mendelian Randomization Analysis
Bochao Danae Lin, PhD; Lotta-Katrin Pries, PhD; Halil Suat Sarac, MSc; Jim van Os, MD, PhD;
Bart P. F. Rutten, MD, PhD; Jurjen Luykx, MD, PhD; Sinan Guloksuz, MD, PhD

IMPORTANCE Although hypothesis-driven research has identified several factors associated
with psychosis, this one-exposure-to-one-outcome approach fails to embrace the multiplicity
of exposures. Systematic approaches, similar to agnostic genome-wide analyses, are needed
to identify genuine signals.

OBJECTIVE To systematically investigate nongenetic correlates of psychotic experiences
through data-driven agnostic analyses and genetically informed approaches to evaluate
associations.

DESIGN, SETTING, PARTICIPANTS This cohort study analyzed data from the UK Biobank Mental
Health Survey from January 1 to June 1, 2021. An exposome-wide association study was
performed in 2 equal-sized split discovery and replication data sets. Variables associated with
psychotic experiences in the exposome-wide analysis were tested in a multivariable model.
For the variables associated with psychotic experiences in the final multivariable model, the
single-nucleotide variant–based heritability and genetic overlap with psychotic experiences
using linkage disequilibrium score regression were estimated, and mendelian randomization
(MR) approaches were applied to test potential causality. The significant associations
observed in 1-sample MR analyses were further tested in multiple sensitivity tests, including
collider-correction MR, 2-sample MR, and multivariable MR analyses.

EXPOSURES After quality control based on a priori criteria, 247 environmental, lifestyle,
behavioral, and economic variables.

MAIN OUTCOMES AND MEASURES Psychotic experiences.

RESULTS The study included 155 247 participants (87 896 [57%] female; mean [SD] age,
55.94 [7.74] years). In the discovery data set, 162 variables (66%) were associated with
psychotic experiences. Of these, 148 (91%) were replicated. The multivariable analysis
identified 36 variables that were associated with psychotic experiences. Of these, 28 had
significant genetic overlap with psychotic experiences. One-sample MR analyses revealed
forward associations with 3 variables and reverse associations with 3. Forward associations
with ever having experienced sexual assault and pleiotropy of risk-taking behavior and
reverse associations without pleiotropy of experiencing a physically violent crime as well as
cannabis use and the reverse association with pleiotropy of worrying too long after
embarrassment were confirmed in sensitivity tests. Thus, associations with psychotic
experiences were found with both well-studied and unexplored multiple correlated variables.
For several variables, the direction of the association was reversed in the final multivariable
and MR analyses.

CONCLUSIONS AND RELEVANCE The findings of this study underscore the need for systematic
approaches and triangulation of evidence to build a knowledge base from ever-growing
observational data to guide population-level prevention strategies for psychosis.

JAMA Psychiatry. 2022;79(9):857-868. doi:10.1001/jamapsychiatry.2022.1655
Published online July 20, 2022.
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H ypothesis-driven observational studies have identi-
fied various nongenetic factors associated with psy-
chosis. These environmental factors include rela-

tively well-studied exposures, such as childhood adversity,
immigration, racial or ethnic minority status, urbanicity, can-
nabis use, and obstetric and pregnancy complications,1,2 as well
as less studied exposures and lifestyle factors, such as physi-
cal activity;3 toxins, such as lead poisoning4 and nitrogen di-
oxide air pollution;5,6 and nutrients, such as caffeine and
magnesium.7,8 Although hypothesis testing is essential and
much knowledge on the environmental epidemiology of psy-
chosis has been gained over the years, several limitations of
this approach should be acknowledged. First, exposures form
highly interconnected clusters.9 Therefore, single-exposure
analyses are more prone to yield biased and often overesti-
mated effect sizes and type I errors.9,10 The complexity of as-
sociations is also sometimes to the degree that it is difficult to
differentiate an exposure from a behavioral outcome in the
temporal sequence—for instance, exposure to cannabis vs can-
nabis use disorder. Second, preconceptions appear to intro-
duce selective reporting and publication bias.11 Third, varia-
tion in analytical decisions and variable definitions across
studies makes reliable comparison of findings extremely
challenging.10,12 Therefore, systematic and agnostic ap-
proaches are needed to dissect strong and consistent signals
from selective reporting.10

Large-scale systematic evaluation offers several advan-
tages over studies on single-candidate exposures. First, the as-
sociation of exposures that have previously been implicated
in hypothesis-driven research (ie, the candidate-exposure ap-
proach) can be confirmed. An exposome-wide approach lim-
its sources of bias and decreases the risk of false-positive
findings.13 Second, large-scale systematic investigation may
identify novel correlates that have not been considered thus
far. Similar to genome-wide association studies (GWAS), re-
searchers have conducted exposome-wide studies of several
phenotypes, such as behavioral problems in children,14 HIV,15

and diabetes.16 Third, mendelian randomization (MR) may help
triangulate findings and estimate associations with target
variables.17 We conducted what is to our knowledge the first
systematic and agnostic exposome-wide analysis to identify
correlates of psychotic experiences and sequentially applied
genetically informed approaches to probe potential associa-
tions.

Methods
Data were retrieved from the UK Biobank (UKB), a
population-based cohort study that included approximately
500 000 participants from the United Kingdom.18 All par-
ticipants provided written consent, and ethical approval
was given by the National Research Ethics Service Commit-
tee North West Multi-Centre Haydock (committee reference:
11/NW/0382).19 The current study (UKB project number:
55392) analyzed participants with complete data on the
mental health questionnaire19 that assessed psychotic expe-
riences (N = 155 247). The study followed the Strengthening

the Reporting of Observational Studies in Epidemiology
using Mendelian Randomization (STROBE-MR) reporting
guideline. Guided by previous reports,20,21 a binary variable
of psychotic experiences (n = 7803) was defined as an
endorsement of any of the following 4 lifetime experiences:
visual hallucination, auditory hallucination, reference
delusion, and persecutory delusion (UKB field IDs f20471,
f20463, f20474, f20468). After quality control and
preprocessing steps (eMethods and eTables 1-3 in
Supplements 1, 2, 3, and 4), the final data set included 247
variables (eTable 4 in Supplement 1). Figure 1 provides an
overview of the analytical pipeline.

Statistical Analyses
Analyses were performed from January 1 to June 1, 2021,
using R version 4.0.4 (R Foundation). There were 3 sequen-
tial analytical steps (Figure 1). Guided by previous
exposome-wide studies,15,22-24 we split the data into 2
equal-sized discovery and replication data sets by selecting
random samples of participants matched in the frequency
of psychotic experiences. To conduct the exposome-wide
association study (XWAS), logistic regression analyses with
psychotic experiences as the outcome were conducted in
the discovery and replication data sets. Variables associated
with psychotic experiences (threshold for significance,
Bonferroni-corrected P < 2.02 × 10−4) in both discovery and
replication data sets were tested in a mutually adjusted
multivariable model using complete data (n = 57 702). All
analyses were adjusted for age and sex. Variables associated
with psychotic experiences in the final multivariable model
(threshold for significance, P < .05) were further analyzed
using genetically informed approaches to probe potential
associations.25,26 A Bonferroni-corrected significance
threshold (.0014) was subsequently applied for genetic
analyses based on the multivariable results. Psychotic expe-
riences GWAS summary statistics from the UKB were used
to estimate single-nucleotide variant (SNV)–based heritabil-
ity and genetic overlap with psychotic experiences. One-
sample bidirectional MR analyses were conducted, as

Key Points
Question What are the factors associated with psychotic
experiences?

Findings In this cohort study of 155 247 UK Biobank participants,
exposome-wide association analysis yielded 148 correlates of
psychotic experiences, with 36 independent associations further
identified in the fully adjusted multivariable model. Mendelian
randomization analyses of these 36 variables indicated a forward
association with ever having experienced sexual assault and
pleiotropy of risk-taking behavior and a reverse association with
ever having experienced a physically violent crime, cannabis use,
and worrying too long after embarrassment.

Meaning The finding that both well-studied and unexplored
multiple correlated variables were associated with psychotic
experiences underlines the importance of systematic agnostic
approaches and triangulation of evidence with genetically
informed approaches to probe associations in the big-data era.
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detailed in the eMethods in Supplement 1. The significant
associations identified by the 1-sample MR analyses were
further analyzed using sensitivity tests, including 1-sample
MR analyses controlling for potential confounders (ie, vari-
ables that were significantly associated with allele scores of
the variables that were significant in the initial 1-sample MR
analyses) and collider-correction (CC) 2-sample MR using
individual level data from the UKB to apply 3 models (in-
verse variance weighted [IVW], MR-Egger, and least abso-
lute deviation [LAD] regression).27,28 Additionally, statisti-
cally significant variables identified in the initial 1-sample
MR analyses were tested in 2-sample MR models (eMethods
in Supplement 1). For the 2-sample MR, we used GWAS data
from an independent adolescent cohort.29 To our knowl-
edge, this adolescent cohort provides the only available
GWAS data of psychotic experiences independent of UKB
samples. However, the sample size was relatively small for
GWAS (N = 8665; minimum P = 1.32 × 10−6), possibly inflat-
ing the risk of type II error. Therefore, as schizophrenia may
be considered the severe end of the psychosis spectrum, we
also applied 2-sample bidirectional MR using schizophrenia
GWAS data30 with the IVW fixed-effect model. We then con-
ducted sensitivity analyses using weighted median (testing
associations when up to 50% of SNVs are invalid instru-
ments), MR-Egger (testing associations when all genetic
variants are invalid), generalized summary-databased MR
(GSMR), and pleiotropy residual sum and outlier (PRESSO).
We additionally applied a multivariable MR model to test

statistically significant variables identified in the 1-sample
forward MR analyses.

Results
Exposome-Wide Analysis
Of the 155 247 individuals included in this study, 87 896
(57%) were female, and the mean (SD) age was 55.94 (7.74)
years. Of 162 variables that were associated with psychotic
experiences in the discovery data set, 148 (91%) were repli-
cated (eTable 5 and eFigures 1 and 2 in Supplement 1).
Figure 2 shows the odds ratios (ORs) and 95% CIs of 148
variables under 13 categories in the whole data set. The mul-
tivariable analysis of the 148 replicated variables revealed
that 36 (24%) were associated with psychotic experiences
(eTable 6 in Supplement 1). The correlation matrix of these
36 variables is provided in eFigure 3 in Supplement 1. The
Table reports the ORs and 95% CIs of the 36 variables
derived from the discovery, replication, and mutually
adjusted multivariable analysis. Compared with the XWAS,
the associations of the 5 following variables with psychotic
experiences were in the opposite direction (ie, the so-called
Janus effect) in the multivariable analysis: frequency of
unenthusiasm or disinterest in last 2 weeks; nitrogen diox-
ide air pollution, annual average 2007; number of opera-
tions, self-reported; recent feelings of inadequacy; and wor-
rying too long after embarrassment.

Figure 1. Schematic Overview of the Study Design

UK Biobank
155 247 Participants (5% PE prevalence)

23 089 Variables

Preprocessing

Phenotypic analyses

Variable selection
Remove excess data, variables with <90% response
rate, and variables with collinearity r2 >0.9
247 Variables

77 624 Participants in XWAS in discovery
(P <2.02 × 10–4)

162 Variables identified

77 623 Participants in XWAS in replication
(P <2.02 × 10–4)

148 Variables replicated

Bidirectional 2SMR
6 Variables

Forward MVMR
3 Variables

1SMR sensitivity
6 Variables

Genetic analyses

Bidirectional 1SMR
36 Variables (P <.0014)

Forward associations identified: f20531, f20529, f2040
Reverse associations identified: f20529, f20453, f2000

Multivariable analysis
148 Variables (n = 57 702; P <0.05)

36 Variables replicated

Analytical pipeline to assess variables
associated with psychotic
experiences (PE) in the UK Biobank.
UK Biobank identifiers listed include
f20531, ever experienced sexual
assault; f2040, risk-taking behavior;
f20529, ever experienced physically
violent crime; f20453, cannabis use;
and f2000, worrying too long after
embarrassment. 1-SMR indicates
1-sample mendelian randomization;
2-SMR, 2-sample mendelian
randomization; MVMR, multivariable
mendelian randomization;
XWAS, exposome-wide association
study.
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Estimating Heritability and Genetic Overlap
With Psychotic Experiences
Figure 3 shows the SNV-based heritability and genetic over-
lap of the 36 variables with psychotic experiences (UKB and
adolescent cohort), as detailed in eTable 7 in Supplement 1. The

SNV-based heritability of these 36 variables ranged from 0.016
to 0.141 (Figure 3A). Twenty-eight variables were genetically
correlated with psychotic experiences in the UKB (Figure 3B).
The top hit was chest pain or discomfort (rg, 0.808; 95% CI,
0.615-1.001; P = 2.5 × 10−16). The following 3 variables showed

Figure 2. Strength of Association Between Psychotic Experiences and Significant Correlates Identified in the Exposome-wide Association Analyses

221 33 4 62
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Odds ratios (ORs) and 95% CIs from the exposome-wide association study (XWAS) of the 148 variables in the total sample. Variables are referred to by field numbers
(defined in eTable 5 in Supplement 1). Dots represents ORs and lines represent the 95% CIs.
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Janus effects, with a genetic correlation in the opposite direc-
tion of the XWAS: receipt of attendance, disability, or mobil-
ity allowance; major dietary changes in the last 5 years; and
regular vitamin and mineral supplement intake. For the analy-
sis using the adolescent cohort, we only reported the genetic
covariance (Figure 3C) and not the genetic correlation, as the

SNV-based heritability was out of bounds (ie, negative SNV-
based heritability). The top hit was feeling hated by family
member as a child (genetic covariance, 0.026; 95% CI, 0.011-
0.041). Six variables showed Janus effects compared with the
XWAS: major dietary changes in the last 5 years; worrying too
long after embarrassment; sexual interference by partner or

Table. Associations of Psychotic Experiences With the 36 Variables Identified in the Multivariable Modela

Variable

Discovery XWAS Replication XWAS Multivariable model

R2 (%) OR (95% CI) R2 (%) OR (95% CI) OR (95% CI) P value
Ever had period of mania/excitability 5.46 6.54 (5.97-7.17) 4.96 5.96 (5.43-6.53) 2.46 (2.14-2.82) 6.15 × 10−38

Ever self-harmed 3.28 4.43 (4.02-4.88) 3.69 4.72 (4.29-5.19) 1.21 (1.03-1.43) 2.31 × 10−02

Ever contemplated self-harm 5.63 3.93 (3.66-4.21) 5.41 3.78 (3.52-4.05) 1.26 (1.10-1.43) 5.31 × 10−04

Ever thought that life is not worth living 5.77 3.47 (3.24-3.71) 5.23 3.22 (3.01-3.44) 1.34 (1.19-1.51) 6.50 × 10−07

Ever seen a psychiatrist for nerves, anxiety,
tension, or depression

3.72 3.38 (3.13-3.64) 4.00 3.48 (3.22-3.75) 1.42 (1.25-1.62) 9.12 × 10−08

Receipt of attendance/disability/mobility
allowance

1.58 3.35 (2.96-3.80) 1.68 3.44 (3.03-3.90) 1.42 (1.11-1.83) 5.59 × 10−03

Ever had prolonged feelings of sadness or
depression

4.31 3.21 (2.96-3.47) 3.89 2.94 (2.72-3.18) 1.34 (1.19-1.51) 1.63 × 10−06

Sexual interference by partner or former
partner without consent as an adult

1.89 2.87 (2.59-3.17) 1.87 2.76 (2.50-3.05) 1.20 (1.02-1.41) 2.83 × 10−02

Felt hated by family member as a child 3.46 2.85 (2.65-3.05) 3.41 2.81 (2.61-3.01) 1.24 (1.11-1.39) 2.15 × 10−04

Ever felt worried, tense, or anxious for most
of a month or longer

4.01 2.80 (2.61-3.00) 4.55 2.98 (2.78-3.19) 1.25 (1.13-1.39) 3.05 × 10−05

Ever had period extreme irritability 4.00 2.78 (2.60-2.98) 4.18 2.84 (2.65-3.03) 1.36 (1.23-1.50) 3.57 × 10−09

Ever experienced sexual assault 3.04 2.73 (2.54-2.94) 2.70 2.55 (2.37-2.75) 1.37 (1.21-1.55) 7.98 × 10−07

Recent restlessness 2.54 2.59 (2.40-2.79) 2.46 2.51 (2.32-2.71) 1.17 (1.02-1.35) 2.26 × 10−02

Recent feelings of inadequacy 2.90 2.47 (2.30-2.64) 2.88 2.43 (2.27-2.61) 0.86 (0.76-0.98) 2.82 × 10−02

Belittlement by partner or former partner
as an adult

2.97 2.44 (2.28-2.61) 3.17 2.49 (2.33-2.66) 1.20 (1.08-1.34) 9.55 × 10−04

Frequency of unenthusiasm/disinterest
in last 2 wk

2.26 2.25 (2.09-2.42) 1.96 2.07 (1.92-2.22) 0.86 (0.75-0.99) 4.01 × 10−02

Chest pain or discomfort 1.96 2.21 (2.05-2.39) 1.69 2.04 (1.88-2.20) 1.30 (1.16-1.47) 1.16 × 10−05

Serious life-threatening event 1.56 2.18 (2.00-2.38) 1.65 2.20 (2.02-2.40) 1.36 (1.20-1.53) 1.30 × 10−06

Miserableness 2.35 2.08 (1.95-2.23) 2.13 1.96 (1.83-2.09) 1.15 (1.03-1.28) 1.60 × 10−02

Ever experienced physically violent crime 1.80 2.01 (1.87-2.16) 1.83 1.99 (1.85-2.14) 1.24 (1.12-1.37) 5.77 × 10−05

Witnessed sudden violent death 1.29 1.87 (1.72-2.02) 1.46 1.92 (1.77-2.08) 1.24 (1.11-1.39) 2.12 × 10−04

Any falls in the last year 1.30 1.76 (1.63-1.89) 1.45 1.81 (1.68-1.95) 1.17 (1.05-1.30) 4.42 × 10−03

Cannabis use 1.32 1.72 (1.60-1.85) 1.36 1.70 (1.58-1.83) 1.18 (1.06-1.32) 2.32 × 10−03

Major dietary changes in the last 5 y 1.21 1.56 (1.46-1.67) 1.21 1.53 (1.44-1.63) 1.13 (1.03-1.24) 7.44 × 10−03

Risk-taking behavior 1.10 1.56 (1.46-1.68) 1.31 1.64 (1.53-1.75) 1.17 (1.06-1.28) 2.13 × 10−03

Hearing difficulties 0.89 1.47 (1.36-1.58) 1.06 1.54 (1.43-1.66) 1.12 (1.02-1.24) 2.35 × 10−02

Participation in leisure/social activities 0.84 1.39 (1.30-1.50) 0.91 1.40 (1.30-1.51) 1.13 (1.02-1.25) 1.66 × 10−02

Plays computer games 0.75 1.35 (1.25-1.45) 0.74 1.29 (1.20-1.38) 1.16 (1.05-1.28) 3.93 × 10−03

Worrying too long after embarrassment 0.75 1.32 (1.24-1.42) 0.90 1.35 (1.26-1.44) 0.90 (0.81-1.00) 4.87 × 10−02

Regular vitamin and mineral supplement
intake

0.68 1.26 (1.18-1.35) 0.79 1.29 (1.21-1.38) 1.12 (1.02-1.23) 1.80 × 10−02

Townsend Deprivation Index at recruitment 1.24 1.24 (1.20-1.27) 1.20 1.22 (1.18-1.25) 1.06 (1.00-1.11) 3.77 × 10−02

No. of operations self-reported 0.88 1.17 (1.14-1.21) 0.85 1.15 (1.11-1.18) 0.94 (0.90-0.99) 1.19 × 10−02

Alkaline phosphatase 0.69 1.11 (1.08-1.14) 0.79 1.10 (1.07-1.13) 1.05 (1.00-1.10) 3.91 × 10−02

Nitrogen dioxide air pollution, annual average
2007

0.58 1.07 (1.04-1.10) 0.63 1.06 (1.03-1.10) 0.91 (0.83-1.00) 4.77 × 10−02

Drives faster than speed limit 0.57 0.82 (0.76-0.88) 0.59 0.87 (0.81-0.94) 0.86 (0.78-0.94) 1.41 × 10−03

Hot drink temperature 0.65 0.77 (0.71-0.83) 0.77 0.74 (0.68-0.80) 0.85 (0.76-0.95) 4.08 × 10−03

Abbreviations: OR, odds ratios; PE, psychotic experiences; R2, Nagelkerke R2;
XWAS, exposome-wide association study.
a The Table shows the results for the 36 variables that were statistically

significantly associated with psychotic experiences in the discovery

(Bonferroni-corrected P < 2.02 × 10−4), replication (Bonferroni-corrected
P < 2.02 × 10−4), and final multivariable analyses (P < .05). For ease of
comparison, results are provided in descending order of ORs from the
analyses in the discovery data set.
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former partner without consent as an adult; nitrogen dioxide
air pollution, annual average 2007; receipt of attendance, dis-
ability, or mobility allowance; and regular vitamin and min-
eral supplement intake.

The 1-Sample Bidirectional MR Analyses
Figure 4 shows the 1-sample bidirectional MR analyses results
(eTables 8 and 9 in Supplement 1). Among the 130 363 unre-
lated participants of European ancestry in the UKB, the allele
scores explained fractional variance of the 36 variables rang-
ing from 0.04% to 7.85%. The concordance between the XWAS
and the 1-sample MR is shown in eFigure 4 in Supplement 1.
The 1-sample forward MR analyses confirmed associations with
ever having experienced sexual assault (OR, 1.32; 95% CI, 1.14-
1.52; P = 2.67 × 10−4), ever having experienced a physically vio-
lent crime (OR, 1.25; 95% CI, 1.11-1.41; P = 3.28 × 10−4), and risk-
taking behavior (OR, 1.21; 95% CI, 1.08-1.35; P = 1.34 × 10−3). The
allele scores for these 3 variables explained 0.03% to 0.23% vari-
ance of the corresponding variable. F statistics ranged from 21.53
to 181.84, indicating that the results did not suffer from a weak-
instrument bias.

The 1-sample reverse MR analyses were conducted using
2 instruments: 1 SNV significantly associated with psychotic
experiences in our GWAS in the UKB (rs11792873) and 4 SNVs
from a previous study (eTable 10 in Supplement 1). The
rs11792873 explained 0.03% variance of psychotic experi-
ences, with an F statistic of 27.34. The 1-sample reverse MR
analyses revealed an association with ever having experi-
enced a physically violent crime (OR, 1.17; 95% CI, 1.11-1.24;
P = 2.72 × 10−9) and cannabis use (OR, 1.16; 95% CI, 1.10-1.22;
P = 3.96 × 10−9) (eTable 11 in Supplement 1). We also calcu-
lated an instrument based on increasing psychotic experi-
ences risk allele scores using 4 SNVs from a previous study.20

The increasing psychotic experience risk allele scores ex-
plained 0.14% variance of psychotic experiences, with an F sta-
tistic of 19.26. We validated the abovementioned association
with cannabis use (OR, 1.11; 95% CI, 1.06-1.15; P = 2.64 × 10−6)
and ever having experienced a physically violent crime (OR,
1.08; 95% CI, 1.04-1.13; P = 3.92 × 10−4) (eTable 12 in Supple-
ment 1). Additionally, we detected an association with worry-
ing too long after embarrassment (OR, 1.06; 95% CI, 1.03-
1.10; P = 3.96 × 10−4).

Sensitivity Analyses for 1-Sample MR Analyses
The allele scores of ever having experienced sexual assault, ever
having experienced physically violent crime, and risk-taking
behavior were correlated with 5, 1, and 14 confounders, re-
spectively (eTable 13 in Supplement 1). The 1-sample forward
MR analyses adjusted for these potential confounders con-
firmed the association with ever having experienced a physi-
cally violent crime and ever having experienced sexual
assault but not with risk-taking behavior (eTable 14 in Supple-
ment 1). We also validated the forward association with risk-
taking behavior in CC-IVW and CC-LAD. However, taking the
horizontal pleiotropy effects into account using CC-MR-
Egger, the association between risk-taking behavior and psy-
chotic experiences was no longer statistically significant.
The I2 statistic of CC-MR-Egger was 99.3%, which validated the

suitability of the instruments in MR-Egger and confirmed the
absence of substantial bias in the association estimates due to
uncertainty in the genetic associations. The associations with
experiencing physically violent crime and ever having expe-
rienced sexual assault could not be tested, as there were not
enough independent SNVs (n = 1 at P < 10−6) to calculate in-
struments. The reverse associations with having experi-
enced physically violent crime, cannabis use, and worrying too
long after embarrassment were confirmed with the CC-MR-
Egger and CC-LAD regression models. Of the associations iden-
tified in the 1-sample MR analyses, the 2-sample forward MR
analyses using schizophrenia GWAS data30 confirmed the as-
sociations with having experienced sexual assault and the plei-
otropy of risk-taking behavior, while the 2-sample reverse MR
analyses using schizophrenia GWAS data30 confirmed the re-
verse associations with having experienced physically vio-
lent crime and cannabis use without pleiotropy, as well as the
reverse association with worrying too long after embarrass-
ment with pleiotropy (eMethods, eTables 15 to 20 and eFig-
ures 5 to 8 in Supplements 1 and 5). In the multivariable IVW
model, risk-taking behavior and having experienced sexual as-
sault showed significant associations, while neither pleiot-
ropy nor other associations were detected in the multivari-
able MR-Egger model (eTable 21 in Supplement 1). The
consistency of the findings across different MR methods is
demonstrated in eFigures 9 and 10 in Supplement 1.

The synopsis of the results from each main analytical step
are provided in eTable 22 in Supplement 1. The contingency
of the 5 variables identified in the MR analyses is provided in
eTable 23 in Supplement 1. The presence of all 5 correlates was
associated with increased odds of psychotic experiences (OR,
10.63; 95% CI, 8.27-13.65; P = 1.2 × 10−114).

Discussion
This cohort study, to our knowledge constituting the largest
systematic investigation of the nongenetic correlates of psy-
chotic experiences, consisted of several sequential analytical
steps. Exposome-wide analyses yielded 148 correlates. In line
with the literature, environmental exposures, such as trau-
matic experiences (sexual assault, physical violence, partner
abuse, and serious life-threatening event);2,31,32 hearing
difficulties;2,32 neighborhood, social, and economic
deprivation;33 cannabis use;32,34 multidimensional psycho-
pathology domains;35,36 proxies of poor mental health out-
come (disability allowance, self-harm, and suicidal
ideation);37-39 and physical complaints (chest pain or discom-
fort or fall during the last year)40 were among the top corre-
lates. Psychotic experience was also associated with rela-
tively unexplored factors, including major dietary changes in
the last 5 years, driving faster than the speed limit, hot drink
temperature, playing computer games,41 regular vitamin and
mineral supplement intake, alkaline phosphatase,42 and ni-
trogen dioxide air pollution.5,6 Of 36 variables that were sig-
nificantly associated with psychotic experiences in the mul-
tivariable analysis, 28 had significant genetic overlap with
psychotic experiences. MR analyses revealed the potential

Nongenetic Factors Associated With Psychotic Experiences Among UK Biobank Participants Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry September 2022 Volume 79, Number 9 863

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Maastricht University User  on 09/09/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655


Fi
gu

re
4.

O
ne

-s
am

pl
e

Bi
di

re
ct

io
na

lM
en

de
lia

n
Ra

nd
om

iz
at

io
n

An
al

ys
es

0.
7

0.
8

0.
9

1.
0

1.
3

1.
2

1.
1

Ev
er

 e
xp

er
ie

nc
ed

 se
xu

al
 a

ss
au

lt 
f2

05
31

Ev
er

 e
xp

er
ie

nc
ed

 p
hy

si
ca

lly
 v

io
le

nt
 c

rim
e 

f2
05

29

Fe
lt 

ha
te

d 
by

 fa
m

ily
 m

em
be

r a
s a

 c
hi

ld
 f2

04
87

N
o.

 o
f o

pe
ra

tio
ns

, s
el

f-
re

po
rt

ed
 f1

36
Ev

er
 h

ad
 p

er
io

d 
of

 m
an

ia
/e

xc
ita

bi
lit

y 
f2

05
01

Pl
ay

s c
om

pu
te

r g
am

es
 f2

23
7

Ev
er

 se
en

 a
 p

sy
ch

ia
tr

is
t f

or
 n

er
ve

s,
 a

nx
ie

ty
, t

en
si

on
, o

r d
ep

re
ss

io
n 

f2
10

0
M

is
er

ab
le

ne
ss

 f1
93

0
Se

xu
al

 in
te

rf
er

en
ce

 b
y 

pa
rt

ne
r o

r f
or

m
er

 p
ar

tn
er

 w
ith

ou
t c

on
se

nt
 a

s a
n 

ad
ul

t f
20

52
4

Re
ce

nt
 fe

el
in

gs
 o

f i
na

de
qu

ac
y 

f2
05

07
W

itn
es

se
d 

su
dd

en
 v

io
le

nt
 d

ea
th

 f2
05

30
Re

gu
la

r v
ita

m
in

 a
nd

 m
in

er
al

 su
pp

le
m

en
t i

nt
ak

e 
f6

15
5

Ev
er

 c
on

te
m

pl
at

ed
 se

lf-
ha

rm
 f2

04
85

Dr
iv

es
 fa

st
er

 th
an

 sp
ee

d 
lim

it 
f1

10
0

Se
rio

us
 li

fe
-t

hr
ea

te
ni

ng
 e

ve
nt

 f2
05

26
Be

lit
tle

m
en

t b
y 

pa
rt

ne
r o

r f
or

m
er

 p
ar

tn
er

 a
s a

n 
ad

ul
t f

20
52

1
Ev

er
 se

lf-
ha

rm
ed

 f2
04

80
To

w
ns

en
d 

De
pr

iv
at

io
n 

In
de

x 
at

 re
cr

ui
tm

en
t f

18
9

Re
ce

ip
t o

f a
tt

en
da

nc
e/

di
sa

bi
lit

y/
m

ob
ili

ty
 a

llo
w

an
ce

 f6
14

6
H

ot
 d

rin
k 

te
m

pe
ra

tu
re

 f1
51

8
M

aj
or

 d
ie

ta
ry

 c
ha

ng
es

 in
 th

e 
la

st
 5

 y
 f1

53
8

Re
ce

nt
 re

st
le

ss
ne

ss
 f2

05
16

Fr
eq

ue
nc

y 
of

 u
ne

nt
hu

si
as

m
 o

r d
is

in
te

re
st

 in
 la

st
 2

 w
k 

f2
06

0
Ev

er
 fe

lt 
w

or
rie

d,
 te

ns
e,

 o
r a

nx
io

us
 fo

r m
os

t o
f a

 m
on

th
 o

r l
on

ge
r f

20
42

1
An

y 
fa

lls
 in

 th
e 

la
st

 y
ea

r f
22

96
N

itr
og

en
 d

io
xi

de
 a

ir 
po

llu
tio

n,
 a

nn
ua

l a
ve

ra
ge

 2
00

7 
f2

40
18

Pa
rt

ic
ip

at
io

n 
in

 le
is

ur
e/

so
ci

al
 a

ct
iv

iti
es

 f6
16

0
W

or
ry

in
g 

to
o 

lo
ng

 a
ft

er
 e

m
ba

rr
as

sm
en

t f
20

00
Ev

er
 h

ad
 p

ro
lo

ng
ed

 fe
el

in
gs

 o
f s

ad
ne

ss
 o

r d
ep

re
ss

io
n 

f2
04

46
Al

ka
lin

e 
ph

os
ph

at
as

e 
f3

06
10

Ev
er

 h
ad

 a
 p

er
io

d 
of

 e
xt

re
m

e 
irr

ita
bi

lit
y 

f2
05

02
Ca

nn
ab

is
 u

se
 f2

04
53

Ch
es

t p
ai

n 
or

 d
is

co
m

fo
rt

 f2
33

5
H

ea
rin

g 
di

ff
ic

ul
tie

s f
22

47
Ev

er
 th

ou
gh

t t
ha

t l
ife

 is
 n

ot
 w

or
th

 li
vi

ng
 f2

04
79

Fo
rw

ar
d 

M
R

A

0
1.

5
2.

0
1.

0
O

dd
s r

at
io

 (9
5%

 C
I)

0.
5

Re
ve

rs
e 

M
R 

(u
si

ng
 rs

11
79

28
73

)
B

Re
ve

rs
e 

M
R 

(u
si

ng
 4

 S
N

Vs
 fr

om
 L

eg
ge

 e
t a

l)
C

0.
8

1.
1

1.
2

1.
0

O
dd

s r
at

io
 (9

5%
 C

I)
0.

9
O

dd
s r

at
io

 (9
5%

 C
I)

Ri
sk

-t
ak

in
g 

be
ha

vi
or

 f2
04

0

A,
As

so
ci

at
io

ns
fr

om
th

e
1-

sa
m

pl
e

fo
rw

ar
d

m
en

de
lia

n
ra

nd
om

iz
at

io
n

(M
R)

an
al

ys
es

(e
Ta

bl
e

9
in

Su
pp

le
m

en
t1

).
B,

As
so

ci
at

io
ns

fr
om

th
e

1-
sa

m
pl

e
re

ve
rs

e
M

R
an

al
ys

es
us

in
g

rs
11

79
28

73
as

th
e

in
st

ru
m

en
t(

eT
ab

le
11

in
Su

pp
le

m
en

t1
).

C,
O

ne
-s

am
pl

e
re

ve
rs

e
M

R
an

al
ys

es
us

in
g

th
e

al
le

le
sc

or
e

ca
lc

ul
at

ed
us

in
g

th
e

4
sin

gl
e-

nu
cl

eo
tid

e
va

ria
nt

s(
SN

Vs
)d

er
iv

ed
fr

om
th

e
st

ud
y

by
Le

gg
e

et
al

20
as

th
e

in
st

ru
m

en
t(

eT
ab

le
12

in
Su

pp
le

m
en

t1
).

D
ot

sr
ep

re
se

nt
od

ds
ra

tio
sa

nd
lin

es
re

pr
es

en
t9

5%
CI

s.
Va

ria
bl

es
in

bl
ue

in
di

ca
te

sig
ni

fic
an

ta
ss

oc
ia

tio
ns

af
te

r
m

ul
tip

le
te

st
in

g
ad

ju
st

m
en

t(
P

<
.0

0
14

);
va

ria
bl

es
in

or
an

ge
,n

om
in

al
ly

sig
ni

fic
an

ta
ss

oc
ia

tio
ns

(P
<

.0
5)

;a
nd

va
ria

bl
es

in
gr

ay
,n

on
sig

ni
fic

an
tr

es
ul

ts
(P

�
.0

5)
.

Research Original Investigation Nongenetic Factors Associated With Psychotic Experiences Among UK Biobank Participants

864 JAMA Psychiatry September 2022 Volume 79, Number 9 (Reprinted) jamapsychiatry.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Maastricht University User  on 09/09/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.1655?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.1655


forward association with having experienced sexual assault and
pleiotropy of risk-taking behavior and reverse associations with
having experienced physically violent crime, cannabis use, and
worrying too long after embarrassment.

The forward MR analyses showed an association with hav-
ing experienced sexual assault, which is in accordance with
converging evidence suggesting that psychosis is associated
with traumatic events and stress-related mechanisms.31,43

Sexual assault was 1 of the top associations with the largest odds
for psychotic experiences in the World Mental Health Survey.44

Although the 1-sample MR analysis suggested an association
between experiencing physically violent crime and psy-
chotic experiences, this association could not be confirmed in
the 2-sample MR analyses. Our analyses further indicated plei-
otropy of risk-taking behavior. Risk-taking behavior is associ-
ated with various personality traits and mental disorders, such
as schizophrenia, posttraumatic stress disorder, ADHD, and bi-
polar disorder.41,45-47 Genetic overlap of risk-taking behavior
with psychiatric diagnoses, behavioral patterns (smoking, al-
cohol consumption, and cannabis use), body mass index, and
IQ has also been found.48,49 Recent evidence suggests that the
path from genetic predisposition for risk-taking behavior to
schizophrenia might be through environmental factors, such
as immigration, urbanicity, or drug use.41 In accordance, we
detected 14 possible confounders and, controlling for these,
uncovered the pleiotropy of risk-taking behavior.

The reverse MR analyses showed associations between
psychotic experiences and having experienced physically vio-
lent crime, worrying too long after embarrassment, and can-
nabis use. The findings support research showing that indi-
viduals with mental health problems, particularly psychosis,
more frequently experience crimes and that this experience
may impact patient trajectories.50 These findings highlight the
need for population-wide interventions that decrease vio-
lence against vulnerable individuals with mental health prob-
lems. The finding on worrying too long after embarrassment
might be explained by the association of paranoia with rumi-
nation and affective regulation.51 Furthermore, our analyses
detected a reverse association between psychotic experi-
ences and cannabis use. These results are in agreement with
previous MR studies showing a reverse association between
schizophrenia risk and cannabis use.52,53 There is also evi-
dence that genetic liability to schizophrenia is associated with
cannabis use.54 However, these results contrast with findings
showing that cannabis use is associated with an increase in risk
of psychosis in a forward manner.55-59 There is an active de-
bate on whether a bidirectional association between canna-
bis use and risk of psychosis may exist.52,53,59,60 Longitudinal
cohort studies (particularly within-individual designs),56 ge-
netically informative approaches,61 and experimental models62

are crucial to understanding the association between psycho-
sis and cannabis use.

Our findings provide support to previous UKB reports
showing that polygenic risk score for schizophrenia was asso-
ciated with several parameters, including risk-taking behav-
ior and psychiatric phenotypes.41 In accordance with a previ-
ous UKB finding20 that showed positive genetic correlations
between psychotic experiences and mental disorders, our

findings suggest a shared genetic etiology between psychotic
experiences and behavioral phenotypes (eg, ever contem-
plated self-harm; ever had prolonged feelings of sadness or de-
pression; and ever saw a psychiatrist for nerves, anxiety, ten-
sion, or depression). Furthermore, we replicated recent UKB
findings showing no statistically significant genetic correla-
tion between cannabis use and individual psychotic experi-
ence items.63 This is in contrast to several studies suggesting
genetic correlation between substance use (eg, smoking, drink-
ing, and cannabis use52,54,61,64-66) and psychiatric disorders,
including schizophrenia. Other exposures that were previ-
ously found to be genetically correlated with schizophrenia in
the UKB, such as population density67,68 and dietary intake,69

either failed the quality-control steps or did not reach signifi-
cance in the XWAS. We also detected Janus effects for several
variables across different analytical steps. This finding illus-
trates how variable selections and analytical modalities may
impact study results.10,12 In accordance with previous stud-
ies in the UKB21,70,71 and other large cohorts,32,72,73 investigat-
ing gene-environment and environment-environment inter-
actions may additionally help explain the variance in psychotic
experiences in the UKB.

Limitations
Our systematic approach aimed to overcome biases (eg, selec-
tive reporting and data dredging), but it was not without limi-
tations. The sequential replication procedure and stringent
multiple-testing correction might have led to type II errors.
Contrarily, statistically significant but trivial effects are also
likely to emerge in large data analyses. The universally ap-
plied data preprocessing steps aim to eliminate confirmation
bias and a posteriori decision-making. However, some rel-
evant correlates might have been omitted because of missing-
ness or collinearity. Also, these preprocessing steps might have
introduced uninformed categorizations. Although we identi-
fied several potential associations in MR analyses, the lack of
comparable GWAS data (only available data: adolescent psy-
chotic experiences or schizophrenia), lack of power in the ado-
lescent cohort, and violation of assumptions (eg, weak instru-
ments or pleiotropy effects) posed a challenge for the 2-sample
MR analyses. Especially, the associations of psychotic expe-
riences with having experienced sexual assault and having ex-
perienced physically violent crime need further validation, as
the instruments for these analyses were each based on a single
SNV, thereby decreasing statistical power. Furthermore, ge-
netic findings may be biased by a winner’s curse for instru-
ment selection, given that most instruments were calculated
based on the discovery UKB results rather than an indepen-
dent data set.74

Conclusions
The findings in this exposome-wide study revealed associa-
tions of psychotic experiences with both well-studied and
unexplored parameters, some of which were correlated and
showed Janus effects. MR analyses revealed an association
with having experienced sexual assault and pleiotropy of
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risk-taking behavior and a reverse association with having ex-
perienced physically violent crime, cannabis use, and worry-
ing too long after embarrassment. The findings underline the
need for systematic exposome-wide analyses and triangula-

tion of evidence with genetically informed approaches to probe
potential causality in the era of big data. To guide public health
policies and implementation, future studies aiming for mecha-
nistic understanding are needed.
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