Online supplement for Cardno AG et al., Psychotic-like experiences in adolescence occurring in combination or isolation: associations with schizophrenia risk factors
SUPPLEMENTARY METHODS

Psychotic-like experiences measures
PLEs were assessed using the Specific Psychotic Experiences Questionnaire (SPEQ) at age 16 years (1). The SPEQ assesses specific PLEs as quantitative traits and includes self-report subscales for paranoia (15 items – e.g., ‘Someone has bad intentions towards me’), hallucinations (9 items – e.g., ‘Hear noises or sounds when there is nothing about to explain them’), and cognitive disorganisation (11 items – e.g., ‘Often have difficulties in controlling your thoughts’), and a parent-rated subscale for negative symptoms (10 items - e.g., ‘Seems emotionally “flat”, for example, rarely changes the emotions he/she shows’). SPEQ items were derived from existing scales that were adapted to be suitable for adolescents: the Paranoia Checklist (2); Cardiff Anomalous Perceptions Scale (CAPS) (3); short version of the Oxford-Liverpool Inventory of Feelings and Experiences (O-LIFE) (4); and Scale for the Assessment of Negative Symptoms (SANS) (5). Age appropriateness and validity of items was ensured via obtaining expert clinical opinion and piloting on this age group. The resulting PLE scales were confirmed by principal component analysis and showed good-to-excellent internal consistency (Cronbach’s alpha = 0.77 to 0.93) and test-retest reliability across a nine-month interval (r = 0.65 to 0.74) in this sample (1). The validity of the SPEQ scales is also supported by their associations with family history of schizophrenia (6) and their associations with the schizophrenia polygenic risk score (7, 8). 

Spearman correlations between the dichotomised PLEs used in the study ranged from 0.09 (for hallucinations with negative symptoms) to 0.30 (for paranoia with hallucinations).

Overlap between co-occurring PLE groups was as follows: 281 twins scored high on P+H and CD+P/H; 194 twins scored high on P+H and NS+P/H; 230 twins scored high on CD+P/H and NS+P/H; and 91 twins scored high on all three co-occurring PLE groups (note: P = paranoia; H = hallucinations; CD = cognitive disorganisation; P/H = paranoia or hallucinations; NS = negative symptoms).

Schizophrenia risk factors
Family history (9). Presence/absence of schizophrenia in a first or second degree relative (6). Parents completed a questionnaire when the twins were 16 years old. As this binary variable does not account for the number and age of relatives, we checked that it was associated with the schizophrenia polygenic risk score (PRS) (10). We also performed a supplementary analysis of associations between PLE groups and schizophrenia PRS.
The schizophrenia polygenic risk score (PRS) was calculated by Selzam et al (11), based on the schizophrenia genome-wide association study (GWAS) of Pardiñas et al (12). Following quality control and imputation, genotypic data included 515 100 genotyped or imputed SNPs (info = 1). For more details about genotype processing and quality control, see Selzam et al (13). LDpred (10) was used to calculate the polygenic scores. This is a Bayesian approach, which modifies the summary statistic coefficients based on information on linkage disequilibrium and a prior on the effect size of each SNP. The final PRS is obtained as the sum of the trait-increasing alleles (each variant coded as 0, 1 or 2), weighted by the posterior effect size estimates. LDpred uses levels of assumed fraction of causal markers instead of traditional p-value thresholds. We used an assumed fraction of causal markers of 0.3, which was the optimal level for schizophrenia analyses in the paper that described LDpred (10). Each twin in the analysis was from a separate pair and was of white European ancestry.

We used logistic regression analysis with the PLE group as the dependent variable (e.g. high score on paranoia only vs baseline of high score on neither paranoia nor hallucinations) and PRS as the independent variable, adjusted for the first 10 principal components and genotyping array.

Older paternal age (14). Father’s age in years when the twins were born.

Ethnic minority status (15). As 93.5% of the sample were of White ethnicity, we combined other ethnic groups to give a binary variable of White/Other ethnicity.

Obstetric complications (16). Quantitative score based on the prenatal and neonatal problems scale (PNP), used previously in TEDS (17). This was calculated as the proportion of 17 complications present during pregnancy and the neonatal period: severe stress during pregnancy, amniocentesis, high blood-pressure, diabetes, toxaemia, vaginal bleeding, rubella, slow growth, waters breaking early, labour induced, complications during birth, concerns about twins, twin in special care, returned to hospital as outpatient, returned to hospital overnight, had medical problems, had physical problems.

Slower developmental milestones (18). Total vocabulary at age 2 years. Children’s expressive vocabulary was assessed by parent report, using an adaptation of the McArthur‐Bates Communicative Development Index (MCDI) (19, 20). 100 words from the full MCDI were selected and anglicized where necessary (21). Parents were asked to complete a checklist, indicating which words their children could say (disregarding pronunciation errors).
Lower premorbid IQ (22, 23). Youth general cognitive ability (g). At age 12 years, the twins participated in web-based testing (24). They underwent two verbal tests, the Wechsler Intelligence Scale for Children (WISC)-III-PI Multiple Choice Information (general knowledge) and Vocabulary Multiple Choice subtests (25), and two non-verbal reasoning tests, the WISC-III-UK Picture Completion (25) and Raven's Standard and Advanced Progressive Matrices (26, 27). A general cognitive ability (g) score with equal weights for the four tests was created by summing their standardized scores (28).
Bullying victimization (29). At age 12 years (30), this was assessed by a self-rated questionnaire, the Multidimensional Peer Victimization Scale (31), scored as a total across 16 items encompassing domains of physical abuse, verbal abuse, social manipulation, and property damage. The scale was positively skewed, so a square-root transformation was applied.
Cannabis use (32, 33). Participants were asked if they had ever used cannabis at age 16 year assessment (34). This measure was derived from the ALSPAC study. 
Quality of life and functioning variables

Life satisfaction was measured at age 16 years as the overall mean score on the self-rated Brief Multidimensional Students’ Life Satisfaction Scale (35, 36). The scale was negatively skewed, so a transformation was applied by reversing the scores, taking log10, then reversing the scores again.

Functioning was measured at age 16 years using a total point score across all subjects for the UK nationwide examination, the General Certificate of Secondary Education (GCSE), coded from 11 (A*, the highest grade) to 4 (G, the lowest grade) (37).

Spearman correlations between schizophrenia-relevant variables ranged from -0.18 (for bullying victimization aged 12 years with life satisfaction aged 16 years) to 0.46 (for general cognitive ability aged 12 years with GCSE score aged 16 years).
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