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Objective of the study and its significance:
Psychotic experiences in adolescence (e.g., hearing or seeing things that others don’t, having unusual
beliefs, etc.) are less common than in childhood, but are predictive of both psychotic disorders and other
psychopathologies in adulthood [1], and the clinical relevance of psychotic phenomena increases later in
adolescence [2]. Therefore, uncovering biomarkers associated with pre-clinical psychotic experiences
during this period has the potential to facilitate early identification of individuals at-risk of a range of mental
health problems, and improve targeting of preventive interventions.
Despite high estimates of genetic influence on psychotic experiences, there is still considerable
discordance within monozygotic (MZ) twin-pairs, indicating that person-specific non-genetic factors are
also important in mediating their onset [3]. Epigenetic processes are dynamic mechanisms that have the
potential to regulate gene expression without changing the underlying genetic sequence, and as such may
be one potential biomarker in the aetiology of psychotic experiences. Research in MZ twin pairs discordant
for psychosis and in patient-control samples has identified DNA methylation differences associated with
clinically-relevant psychosis [4, 5]. Previous work in E-Risk found epigenetic variation (at age 10) was
associated with childhood psychotic symptoms (at age 12) [6]. However, to date, no studies have
investigated epigenetic variation with respect to psychotic phenomena in late adolescence.
In this project, we plan to investigate whether DNA methylation patterns at age 18 are associated with
concurrent psychotic experiences in the full E-Risk sample and then in discordant monozygotic twins. The
latter represents a powerful strategy in epigenetic epidemiology as identical twins are matched for a
number of potential confounding effects such as age, sex, genetics, early family environment, and family
psychiatric history [7].We also propose to use the E-Risk sample to attempt to replicate the top findings
from an analysis currently being conducted in the ALSPAC sample.
Statistical analyses:
Full project
DNA methylation has been quantified from whole blood samples in E-Risk at age 18 using the Illumina
Infinium HumanMethylation 450K array, giving quantitative data for >480,000 CpG sites across the
genome. Blood cell counts will be quantified using the Houseman algorithm [1], and the methylation data
adjusted for cell composition and batch using linear regression. Results will be controlled for multipletesting using the FDR. We propose to investigate the association between age-18 psychotic experiences
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and DNA methylation at age 18 in the full sample. We will then continue by comparing this data in twins
discordant for concurrent psychotic experiences (i.e. at age 18). We will also conduct analyses controlling
for smoking, given its important role as a confounder in methylation data, particularly in the context of
mental health outcomes.
Main analyses
1. We will test the association between DNA methylation and psychotic experiences at age 18 in the full
sample.
a. Linear regression will be used to test for the association between DNA methylation and i) any
psychotic experiences, and ii) the extent of psychotic experiences (ordinal scale) at age 18,
controlling for sex, zygosity, cell composition, batch and the non-independence of twin
observations.
b. For the top probes identified, models will be rerun in subgroups with psychotic symptoms at
age 12, to compare those with and without psychotic experiences at age 18 (to test for
associations with persistence of psychotic phenomena).
2. We will test the association between DNA methylation and psychotic experiences at age 18 in MZ and
DZ twin pairs discordant for psychotic experiences at age 18 and then restricted to only discordant MZ
twin pairs.
a. Paired t-tests will be used to test for differences in DNA methylation between psychotic
experience-discordant twins.
3. Models will be repeated controlling for smoking.
a. Recorded smoking status will be compared to smoking status derived from measured DNA
methylation at known smoking-related CpG sites.
b. Linear regression will be used to adjust the data for the effects of smoking (pack years) and
analyses will be re-run using the adjusted data.
4. Gene ontology enrichment analyses will be conducted to identify biological processes overrepresented
in the top results of each analysis.
5. We will also explore whether the top probes identified by Fisher et al [6] as associated with psychotic
symptoms at age 12 (in age 10 DNA methylation data) show a consistent direction of effect in the age18 data.
Exploratory analysis
6. Numbers permitting, analyses will be repeated using clinically-verified psychotic symptoms at age 18
as the outcome measure to test associations using a more conservative phenotype.
Project replication
7. We aim to check any DNA methylation markers associated with psychotic experiences in the E-Risk
sample in (i) an independent sample of adult post-mortem brain tissue (prefrontal cortex) from 20
schizophrenia cases and 23 non-psychiatric controls archived in the London Brain Bank for
Neurodegenerative Disorders and from 18 schizophrenia cases' and 15 non-psychiatric controls'
brains obtained from the Douglas Bell-Canada Brain Bank, Montreal [3], and (ii) in an independent
sample of schizophrenia discordant MZ twins using data held by Emma Dempster.
Replication for ALSPAC paper
We also plan to replicate the top sites from a study we have conducted in ALSPAC looking at DNA
methylation in cord blood, and samples at ages 7 and 15-17 and the trajectory of psychotic symptoms.
Probes of interest were identified using a three-stage analysis plan: time-point specific EWAS;
investigation of the top probes at each time-point with psychotic symptom trajectories; and longitudinal
analysis of the top probes across development. For this replication, we will focus on the top probes
detected in adolescent DNA methylation data (age 15-17) as these are likely to be the most closely
aligned with the available data in E-Risk.
8. To attempt to replicate the top probes from these analyses in E-Risk, we will:
a. Use linear regression to test the association between DNA methylation at the probes of
interest and psychotic experiences at age 18 in the whole sample, controlling for sex, zygosity,
batch, cell-type proportion estimates, and smoking, and including robust standard errors to
account for family structure.
b. Numbers permitting, analyses will be repeated using clinically verified psychotic symptoms as
the outcome measure.
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Variables Needed at Which Ages (names and labels):
Study: E-Risk
Core
FAMILYID (ID Family)
ATWINID (ID Twin 1)
BTWINID (ID Twin 2)
SAMPSEX (Sex of twins)
ZYGOSITY (Zygosity of twins)
RORDERP5 (Random order variable)
SESWQ35 (Social class composite)
Age 12
PSYSYMP01E12 (Psychosis symptom count, verified coding; 0, 1+)
Age 18
PSYEXPE18 (Psychotic experiences scale elder)
PSYEXPCE18 (Psychotic experiences (cat) elder)
PSYSYMP01E18 (Psychosis symptom count; 0, 1+, elder)
PSYEXPY18 (Psychotic experiences scale younger)
PSYEXPCY18 (Psychotic experiences (cat) younger)
PSYSYMP01Y18 (Psychosis symptom count; 0, 1+, younger)
SMKPKYRE18 (Smoking - pack years, ages 12 to 18)
SMKCNUME18 (Smoking - current number of cigarettes - Number of cigarettes smoked per day at age
18 or age 19 smoking level if that age at interview)
Illumina 450k DNA methylation data from peripheral blood at age 18
+ related variables (e.g., batch number)
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