SUPPLEMENTARY MATERIAL FOR THE MANUSCRIPT TILTED: Development and validation of first episode psychosis risk prediction model using the multinational EU-GEI case-control study and modern statistical learning methods

	TABLE OF CONTENT 
	PAGES

	Sample size estimation
	2-3

	Supplementary Table 1. 	List of all candidate predictors considered for model selection
	4-7

	Supplementary Table 2. 	TRIPOD checklist: prediction model development and validation
	8-10

	Supplementary Table 3.	Distributions of the variables at baseline before and after multiple imputations
	11-15

	Supplementary Table 4.	Intercept and coefficient estimates of the prediction model
	16

	Supplementary Table 5.	Apparent performance 
	17

	The formula for the final model predicting onset of FEP
	18

	Example calculation of an individual risk of FEP
	19











2

1

Sample size estimation
For binary outcomes, we need to pass the values of the following parameters into the formula developed by Riley et al (4):
1. Overall outcome proportion
2. Anticipated Cox-Snell R-squared
3. Number of candidate predictor parameters
4. Minimum shrinkage factor.
For the anticipated Cox-Snell R-squared, we also implemented the recommendation by Riley et al for estimating this value from a reported C-statistic for the development of predictions models with a binary outcome (3). We used an overall outcome proportion of 0.5 (enriched sample) following the case-control data. The reported C-statistic of 0.8 (performance in the external test set) used was from Raket et al. (19) who developed a prediction model for first-episode psychosis using electronic healthcare case-control data in the context of primary and secondary care.
The complete code and parameter assumptions providing the sample size estimate for each model in our study are detailed as follows.
# Anticipated Cox-Snell R-squared from reported C-statistics
approximate_R2 <- function(auc, prev, n = 1e6) {

# Define mu as a function of the C-statistic
  mu <- sqrt(2) * qnorm(auc)

# Simulate large sample linear prediction based on two normals
# For non-events N(0, 1), events N(mu, 1)

  LP <- c(rnorm(prev * n, mean = 0, sd = 1),
          rnorm((1 - prev) * n, mean = mu, sd = 1))
  y <- c(rep(0, prev * n),
         rep(1, (1 - prev) * n))

# Fit a logistic regression with LP as covariate
# This is essentially a calibration model
# The intercept and slope estimate will ensure the outcome proportion is accounted for without changing C-statistic

  fit <- rms:lrm(y ~ LP)

  max_R2 <- function(prev) {
    1 - (prev^prev * (1 - prev)^(1 - prev))^2
  }
  return(list(R2.nagelkerke = as.numeric(fit$stats['R2']),
              R2.coxsnell = as.numeric(fit$stats['R2']) * max_R2(prev)))
}

set.seed(1234)
csr <- approximate_R2(auc = 0.8, prev = 0.5, n = 1e6)$R2.coxsnell
csr
# [1] 0.2600388


# Sample size calculation
pmsampsize(
  type = "b",        # Binary outcomes
  rsquared = csr,    # Anticipated Cox-Snell R squared
  parameters = 96,   # Maximum number of predictor parameters
  prevalence = 0.5,  # Outcome proportion
  shrinkage = 0.9    # Minimum shrinkage factor
)

NB: Assuming 0.05 acceptable difference in apparent & adjusted R-squared 
NB: Assuming 0.05 margin of error in estimation of intercept 
NB: Events per Predictor Parameter (EPP) assumes prevalence = 0.5  
 
           Samp_size Shrinkage Parameter       Rsq Max_Rsq   EPP
Criteria 1      2816     0.900        96 0.2600388    0.75 14.67
Criteria 2      2158     0.874        96 0.2600388    0.75 11.24
Criteria 3       385     0.900        96 0.2600388    0.75  2.01
Final           2816     0.900        96 0.2600388    0.75 14.67
 
 Minimum sample size required for new model development based on user inputs = 2816, 
 with 1408 events (assuming an outcome prevalence = 0.5) and an EPP = 14.67 



Supplementary Table 1. 	List of all candidate predictors considered for model selection
	Category
	Candidate predictor (unit or categories, if relevant)

	Sociodemographic
	Age at assessment (years)

	
	Sex (male, female)

	
	Education (years)

	
	Ethnicity (white, black, other)

	
	Migrant (yes, no)

	
	Foreign parents (yes, no)

	
	Foreign-born (yes, no)

	
	Working class (yes, no)

	
	Ever been employed (yes, no)

	
	Currently unemployed (yes, no)

	
	Working-class parent at birth (yes, no)

	
	Number of people lived with at assessment

	
	Number of people lived with within one year of assessment

	
	Number of people lived with within five years of assessment

	
	Number of rooms in the house occupied at assessment

	
	Number of rooms in the house occupied within one year of assessment

	
	Number of rooms in the house occupied within five years of assessment

	
	Number of children

	
	Season at birth (spring, summer, autumn, winter)

	
	Lived alone (yes, no)

	
	Lived with others since leaving parents’ home (yes, no)

	
	Never been in a long-term relationship (yes, no)

	
	

	Childhood adversity
	Mother died (yes, no)

	
	Father died (yes, no)

	
	Separated mother (yes, no)

	
	Separated father (yes, no)

	
	Changed schools (yes, no)

	
	Expelled (yes, no)

	
	Ran away (yes, no)

	
	Taken into care (yes, no)

	
	

	Childhood adversity
	Short of money (yes, no)

	
	Neglected (yes, no)

	
	No adults to go to (yes, no)

	
	No peers to go to (yes, no)

	
	Had prolonged loneliness (yes, no)

	
	

	Adult adversity
	Number of adverse life events

	
	Had serious illness (yes, no)

	
	Parent/child/partner died (yes, no)

	
	Close family/friend/relative died (yes, no)

	
	Birth of a child (yes, no)

	
	Separation from a partner (yes, no)

	
	Break-up of a steady relationship (yes, no)

	
	Shocking/revealing news (yes, no)

	
	Serious, ongoing problems (yes, no)

	
	Problems with a close friend (yes, no)

	
	Serious problems at work (yes, no)

	
	Became unemployed or seeking work unsuccessfully (yes, no)

	
	Sacked or made redundant (yes, no)

	
	Financial difficulties (yes, no)

	
	Serious housing problems (yes, no)

	
	Problems with the police (yes, no)

	
	Lost something valuable (yes, no)

	
	Victim of an assault (yes, no)

	
	Witnessed a serious assault (yes, no)

	
	

	Substance use
	Number of drinks in the past 12 months

	
	Number of weeks of alcohol overuse in the past 12 months

	
	Number of drinks during overuse period in the past 12 months

	
	Number of weeks of alcohol overuse in the past 3 years

	
	Number of drinks during overuse period in the past 3 years

	
	Drank alcohol 12 or more alcoholic beverages in the past 12 months (yes, no)

	
	A period of at least 2 weeks when drank more in the past 12 months (yes, no)

	
	A period of at least 4 weeks when drank more in the past 12 months (yes, no)

	
	Friends using cannabis (yes, no)

	
	

	Substance use
	Tolerance to cannabis, needing increased amount (yes, no)

	
	Tolerance to cannabis, experiencing diminished effect (yes, no)

	
	Experience of characteristic withdrawal syndrome to cannabis (yes, no)

	
	Avoidance or relief of withdrawal symptoms, when substance taken (yes, no)

	
	More amount or period of cannabis use than intended (yes, no)

	
	Desire to control cannabis use (yes, no)

	
	Substantial time to obtain, use, or recover from cannabis use (yes, no)

	
	Reduction of activities due to cannabis use (yes, no)

	
	Continued cannabis use despite knowledge of its adverse effects (yes, no)

	
	Age at first used cannabis (years)

	
	Ever used cannabis (yes, no)

	
	Current cannabis user (yes, no)

	
	Number of drug types used (yes, no)

	
	Ever used inhalants (yes, no)

	
	Ever used cracks (yes, no)

	
	Ever used cocaine (yes, no)

	
	Ever used stimulants (yes, no)

	
	Ever used sedatives (yes, no)

	
	Ever used opioids (yes, no)

	
	Ever used hallucinogens (yes, no)

	
	Ever used ketamine (yes, no)

	
	Ever used novel psychoactives (yes, no)

	
	Smoked cigarettes or rolling tobacco daily (yes, no)

	
	Smoked 20 cigarettes or more daily (yes, no)

	
	Type of cannabis mostly used (none, skunk, hash, imported herbal, other)




Supplementary Table 2. 	TRIPOD checklist: prediction model development and validation
	Section/Topic
	Item
	 
	Checklist Item
	Page

	Title and abstract

	Title
	1
	D;V
	Identify the study as developing and/or validating a multivariable prediction model, the target population, and the outcome to be predicted.
	 1

	Abstract
	2
	D;V
	Provide a summary of objectives, study design, setting, participants, sample size, predictors, outcome, statistical analysis, results, and conclusions.
	 5

	Introduction

	Background and objectives
	3a
	D;V
	Explain the medical context (including whether diagnostic or prognostic) and rationale for developing or validating the multivariable prediction model, including references to existing models.
	7-9

	
	3b
	D;V
	Specify the objectives, including whether the study describes the development or validation of the model or both.
	 

	Methods

	Source of data
	4a
	D;V
	Describe the study design or source of data (e.g., randomized trial, cohort, or registry data), separately for the development and validation data sets, if applicable.
	9 

	
	4b
	D;V
	Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of follow-up.
	 9

	Participants
	5a
	D;V
	Specify key elements of the study setting (e.g., primary care, secondary care, general population) including number and location of centres.
	 9-10

	
	5b
	D;V
	Describe eligibility criteria for participants.
	 9-10

	
	5c
	D;V
	Give details of treatments received, if relevant.
	NA

	Outcome
	6a
	D;V
	Clearly define the outcome that is predicted by the prediction model, including how and when assessed.
	 10

	
	6b
	D;V
	Report any actions to blind assessment of the outcome to be predicted.
	 NA

	Predictors
	7a
	D;V
	Clearly define all predictors used in developing or validating the multivariable prediction model, including how and when they were measured.
	10

	
	7b
	D;V
	Report any actions to blind assessment of predictors for the outcome and other predictors.
	NA

	Sample size
	8
	D;V
	Explain how the study size was arrived at.
	11 

	Missing data
	9
	D;V
	Describe how missing data were handled (e.g., complete-case analysis, single imputation, multiple imputation) with details of any imputation method.
	11

	Statistical analysis methods
	10a
	D
	Describe how predictors were handled in the analyses.
	 10

	
	10b
	D
	Specify type of model, all model-building procedures (including any predictor selection), and method for internal validation.
	11-13 

	
	10c
	V
	For validation, describe how the predictions were calculated.
	 13

	
	10d
	D;V
	Specify all measures used to assess model performance and, if relevant, to compare multiple models.
	12-13

	
	10e
	V
	Describe any model updating (e.g., recalibration) arising from the validation, if done.
	 NA

	Risk groups
	11
	D;V
	Provide details on how risk groups were created, if done.
	NA

	Development vs. validation
	12
	V
	For validation, identify any differences from the development data in setting, eligibility criteria, outcome, and predictors.
	13 

	Results

	Participants
	13a
	D;V
	Describe the flow of participants through the study, including the number of participants with and without the outcome and, if applicable, a summary of the follow-up time. A diagram may be helpful.
	13-14 

	
	13b
	D;V
	Describe the characteristics of the participants (basic demographics, clinical features, available predictors), including the number of participants with missing data for predictors and outcome.
	13-14

	
	13c
	V
	For validation, show a comparison with the development data of the distribution of important variables (demographics, predictors and outcome).
	 30

	Model development
	14a
	D
	Specify the number of participants and outcome events in each analysis.
	31 

	
	14b
	D
	If done, report the unadjusted association between each candidate predictor and outcome.
	NA 

	Model specification
	15a
	D
	Present the full prediction model to allow predictions for individuals (i.e., all regression coefficients, and model intercept or baseline survival at a given time point).
	Table S4 page 15-16 

	
	15b
	D
	Explain how to use the prediction model.
	Table S5 

	Model performance
	16
	D;V
	Report performance measures (with CIs) for the prediction model.
	31, Table S5 page 17

	Model-updating
	17
	V
	If done, report the results from any model updating (i.e., model specification, model performance).
	 NA

	Discussion

	Limitations
	18
	D;V
	Discuss any limitations of the study (such as nonrepresentative sample, few events per predictor, missing data).
	 17-18

	Interpretation
	19a
	V
	For validation, discuss the results with reference to performance in the development data, and any other validation data.
	16-17 

	
	19b
	D;V
	Give an overall interpretation of the results, considering objectives, limitations, results from similar studies, and other relevant evidence.
	15-18 

	Implications
	20
	D;V
	Discuss the potential clinical use of the model and implications for future research.
	 15

	Other information

	Supplementary information
	21
	D;V
	Provide information about the availability of supplementary resources, such as study protocol, Web calculator, and data sets.
	 19

	Funding
	22
	D;V
	Give the source of funding and the role of the funders for the present study.
	 19



Supplementary Table 3.	Distributions of the variables at baseline before and after multiple imputations
	Candidate predictors
	% Complete
	Before imputation
	After imputation

	Socio-demographic factors
	Age at assessment (years), Mean (SD)
	100
	34.0 (12.2)
	33.0 (12.2)

	
	Gender, N (%)
	100
	Male: 1403 (53.4)
Female: 1224 (46.6)
	Male: 1403 (53.4)
Female: 1224 (46.6)

	
	Education (years), Mean (SD)
	98
	13.97 (4.28)
	13.96 (4.24)

	
	Ethnicity, N (%)
	99
	White: 1893 (72.1)
Black: 380 (14.5)
Other: 353 (13.4)
	White: 1894 (72.1)
Black: 380 (14.5)
Other: 353 (13.4)

	
	Migrant, N (%)
	99
	Yes: 603 (23.0)
No: 2023 (77.0)
	Yes: 604 (23.0)
No: 2023 (77.0)

	
	Foreign parents, N (%)
	100
	Yes: 2384 (90.7)
No: 243 (9.3)
	Yes: 2384 (90.7)
No: 243 (9.3)

	
	Foreign-born, N (%)
	99
	Yes: 887 (33.9)
No: 1732 (66.1)
	Yes: 890 (33.9)
No: 1737 (66.1)

	
	Working class, N (%)
	100
	Yes: 592 (22.5)
No: 2035 (77.5)
	Yes: 592 (22.5)
No: 2035 (77.5)

	
	Ever been employed, N (%)
	99
	Yes: 2402 (91.6)
No: 220 (8.4)
	Yes: 2403 (91.5)
No: 224 (8.5)

	
	Currently unemployed, N (%)
	100
	Yes: 1000 (38.1)
No: 1627 (61.9)
	Yes: 1000 (38.1)
No: 1627 (61.9)

	
	Never been in a long-term relationship, N (%)
	100
	Yes: 507 (19.3)
No: 2120 (80.7)
	Yes: 507 (19.3)
No: 2120 (80.7)

	
	Season at birth, N (%)
	100
	Spring: 637 (24.2)
Summer: 686 (26.1)
Autumn: 597 (22.7)
Winter: 707 (26.9)
	Spring: 637 (24.2)
Summer: 686 (26.1)
Autumn: 597 (22.7)
Winter: 707 (26.9)

	
	Working-class parent at birth, N (%)
	100
	Yes: 1142 (43.5)
No: 1485 (56.5)
	Yes: 1142 (43.5)
No: 1485 (56.5)

	Living arrangements
	N people lived with, Mean (SD)
	97
	2.24 (1.95)
	2.24 (1.93)

	
	N people lived with within one year of assessment, Mean (SD)
	92
	2.34 (1.92)
	2.34 (1.84)

	
	N people lived with within five years of assessment, Mean (SD)
	76
	2.41 (1.90)
	2.44 (1.66)

	
	N rooms in the house occupied at assessment, Mean (SD)
	96
	3.91 (2.20)
	3.91 (2.15)

	
	N rooms in the house within one year of assessment, Mean (SD)
	90
	3.96 (1.99)
	3.97 (1.89)

	
	N rooms in the house within five years of assessment, Mean (SD)
	74
	4.06 (1.94)
	4.09 (1.69)

	
	Number of children, Mean (SD)
	97
	0.78 (1.18)
	0.77 (1.17)

	
	Lives alone, N (%)
	100
	Yes: 486 (18.5)
No: 2141 (81.5)
	Yes: 486 (18.5)
No: 2141 (81.5)

	
	Lives with others since leaving parents’ home, N (%)
	97
	Yes: 1964 (77.1)
No: 584 (22.9)
	Yes: 1980 (75.4)
No: 647 (24.6)

	Childhood adversities
	Mother died, N (%)
	99
	Yes: 82 (3.2)
No: 2510 (96.8)
	Yes: 97 (3.7)
No: 2530 (96.3)

	
	Father died, N (%)
	98
	Yes: 159 (6.2)
No: 2418 (93.8)
	Yes: 182 (6.9)
No: 2445 (93.1)

	
	Separated mother, N (%)
	98
	Yes: 322 (12.4)
No: 2265 (87.6)
	Yes: 344 (13.1)
No: 2283 (86.9)

	
	Separated father, N (%)
	98
	Yes: 594 (23.0)
No: 1986 (77.0)
	Yes: 619 (23.6)
No: 2008 (76.4)

	
	Changed schools, N (%)
	98
	Yes: 1086 (42.1)
No: 1494 (57.9)
	Yes: 1111 (42.3)
No: 1516 (57.7)

	
	Expelled, N (%)
	98
	Yes: 224 (8.6)
No: 2385 (91.4)
	Yes: 224 (8.5)
No: 2403 (91.5)

	
	Ran away, N (%)
	98
	Yes: 178 (6.9)
No: 2405 (93.1)
	Yes: 205 (7.8)
No: 2422 (92.2)

	
	Taken into care, N (%)
	98
	Yes: 84 (3.3)
No: 2499 (96.7)
	Yes: 112 (4.3)
No: 2515 (95.7)

	
	Short of money, N (%)
	98
	Yes: 779 (30.2)
No: 1799 (69.8)
	Yes: 808 (30.8)
No: 1819 (69.2)

	
	Neglected, N (%)
	98
	Yes: 220 (8.5)
No: 2361 (91.5)
	Yes: 250 (9.5)
No: 2377 (90.5)

	
	No adults to go to, N (%)
	98
	Yes: 1713 (66.4)
No: 866 (33.6)
	Yes: 1731 (65.7)
No: 896 (34.4)

	
	No peers to go to, N (%)
	98
	Yes: 1902 (73.8)
No: 676 (26.2)
	Yes: 1919 (73.0)
No: 708 (27.0)

	Adulthood adversities
	Had prolonged loneliness, N (%)
	98
	Yes: 693 (27.0)
No: 1875 (73.0)
	Yes: 731 (27.8)
No: 1896 (72.2)

	
	Number of adverse life events
	86
	≥3: 587 (26.1)
<3: 1664 (73.9)
	≥3: 817 (31.1)
<3: 1810 (68.9)

	
	Had serious illness, N (%)
	82
	Yes: 221 (10.2)
No: 1941 (89.8)
	Yes: 498 (19.0)
No: 2129 (81.0)

	
	Parent/child/partner died, N (%)
	82
	Yes: 63 (2.9)
No: 2101 (97.1)
	Yes: 262 (10.0)
No: 2365 (90.0)

	
	Close family/friend/relative died, N (%)
	82 
	Yes: 431 (19.9)
No: 1733 (80.1)
	Yes: 733 (27.9)
No: 1894 (72.1)

	
	Birth of a child, N (%)
	82
	Yes: 55 (2.5)
No: 2106 (97.5)
	Yes: 242 (9.2)
No: 2385 (90.8)

	
	Separation from a partner, N (%)
	82
	Yes: 107 (4.9)
No: 2056 (95.1)
	Yes: 390 (10.5)
No: 2237 (89.5)

	
	Break-up of a steady relationship, N (%)
	82
	Yes: 157 (7.3)
No: 2007 (92.7)
	Yes: 447 (17.0)
No: 2180 (83.0)

	
	Shocking/revealing news, N (%)
	82
	Yes: 103 (4.8)
No: 2062 (95.2)
	Yes: 409 (15.6)
No: 2218 (84.4)

	
	Serious, ongoing problems, N (%)
	82
	Yes: 200 (9.2)
No: 1966 (90.8)
	Yes: 477 (18.2)
No: 2150 (81.8)

	
	Problems with a close friend, N (%)
	82
	Yes: 308 (14.2)
No: 1855 (85.5)
	Yes: 589 (22.4)
No: 2038 (77.6)

	
	Serious problems at work, N (%)
	82
	Yes: 200 (9.2)
No: 1966 (90.8)
	Yes: 477 (18.2)
No: 2150 (81.8)

	
	Became unemployed or seeking work unsuccessfully, N (%)
	82
	Yes: 379 (17.5)
No: 1783 (82.5)
	Yes: 655 (24.9)
No: 1972 (75.1)

	
	Sacked or made redundant, N (%)
	82
	Yes: 138 (6.4)
No: 2020 (93.6)
	Yes: 415 (15.8)
No: 2212 (84.2)

	
	Financial difficulties, N (%)
	82
	Yes: 409 (19.0)
No: 1746 (81.0)
	Yes: 684 (26.0)
No: 1943 (74.0)

	
	Serious housing problems, N (%)
	82
	Yes: 111 (5.1)
No: 2051 (94.9)
	Yes: 383 (14.6)
No: 2244 (85.4)

	
	Problems with the police, N (%)
	82
	Yes: 143 (6.6)
No: 2013 (93.4)
	Yes: 414 (15.8)
No: 2213 (84.2)

	
	Lost something valuable, N (%)
	82
	Yes: 106 (4.9)
No: 2058 (95.1)
	Yes: 406 (15.5)
No: 2221 (84.5)

	
	Victim of an assault, N (%)
	82
	Yes: 126 (5.8)
No: 2035 (94.2)
	Yes: 415 (15.8)
No: 2212 (84.2)

	
	Witnessed a serious assault, N (%)
	82
	Yes: 84 (3.9)
No: 2067 (96.1)
	Yes: 378 (14.4)
No: 2249 (85.6)

	Substance misuse
	Number of drinks in the past 12 months
	88
	5.14 (11.84)
	5.28 (11.11)

	
	Number of weeks of alcohol overuse in the past 12 months
	88
	1.30 (5.57)
	1.45 (5.26)

	
	Number of drinks during overuse period in the past 12 months
	88
	5.08 (15.97)
	5.64 (15.09)

	
	Number of weeks of alcohol overuse in the past 3 years
	87
	2.66 (13.37)
	3.02 (12.59)

	
	Number of drinks during overuse period in the past 3 years
	87
	2.82 (13.20)
	3.35 (12.58)

	
	Drank alcohol ≥12 alcoholic beverages in the past 12 months, N (%)
	90
	Yes: 1497 (63.6)
No: 857 (36.4)
	Yes: 1749 (66.6)
No: 878 (33.4)

	
	A period of ≥2 weeks when drank more in the past 12 months, N (%)
	88
	Yes: 537 (23.1)
No: 1784 (76.9)
	Yes: 825 (31.4)
No: 1802 (68.6)

	
	A period of ≥4 weeks when drank more in the past 12 months, N (%)
	88
	Yes: 256 (11.1)
No: 2054 (88.9)
	Yes: 495 (18.8)
No: 2132 (81.2)

	
	Friends using cannabis, N (%)
	51
	Yes: 1102 (82.1)
No: 241 (17.9)
	Yes: 1931 (73.5)
No: 696 (26.5)

	
	Tolerance to cannabis, needing increased amount, N (%)
	50
	Yes: 271 (20.8)
No: 1034 (79.2)
	Yes: 625 (23.8)
No: 2002 (76.2)

	
	Tolerance to cannabis, experiencing diminished effect, N (%)
	50
	Yes: 290 (22.3)
No: 1011 (77.7)
	Yes: 647 (24.6)
No: 1980 (75.4)

	
	Experience of characteristic withdrawal syndrome to cannabis, N (%)
	49
	Yes: 203 (15.6)
No: 1097 (84.4)
	Yes: 557 (21.2)
No: 2070 (78.8)

	
	Avoidance or relief of withdrawal symptoms, N (%)
	49
	Yes: 156 (12.0)
No: 1144 (88.0)
	Yes: 514 (19.6)
No: 2113 (80.4)

	
	More amount or period of cannabis use than intended, N (%)
	50
	Yes: 287 (22.0)
No: 1016 (78.0)
	Yes: 641 (24.4)
No: 1986 (75.6)

	
	Desire to control cannabis use, N (%)
	50
	Yes: 215 (16.5)
No: 1086 (83.5)
	Yes: 574 (21.9)
No: 2053 (78.1)

	
	Substantial time to obtain, use, or recover from cannabis use, N (%)
	50
	Yes: 189 (14.5)
No: 1115 (85.5)
	Yes: 541 (20.6)
No: 2086 (79.4)

	
	Reduction of activities due to cannabis use, N (%)
	50
	Yes: 212 (16.3)
No: 1092 (83.7)
	Yes: 561 (21.4)
No: 2066 (78.6)

	
	Continued cannabis use while knowing its adverse effects, N (%)
	50
	Yes: 245 (18.8)
No: 1060 (81.2)
	Yes: 597 (22.7)
No: 2030 (77.3)

	
	Age at first used cannabis, N (%)
	53
	17.39 (4.56)
	17.60 (3.48)

	
	Ever used cannabis, N (%)
	98
	Yes: 1405 (54.4)
No: 1176 (45.6)
	Yes: 1439 (54.8)
No: 1188 (45.2)

	
	Current cannabis user, N (%)
	98
	Yes: 402 (15.6)
No: 2174 (84.4)
	Yes: 437 (16.6)
No: 2190 (83.4)

	
	Number of drug types used, N (%)
	98
	0.66 (1.34)
	0.67 (1.33)

	
	Ever used inhalants, N (%)
	98
	Yes: 154 (5.8)
No: 2428 (94.2)
	Yes: 185 (7.0)
No: 2442 (93.0)

	
	Ever used cracks, N (%)
	98
	Yes: 85 (3.3)
No: 2497 (96.7)
	Yes: 113 (4.3)
No: 2514 (95.7)

	
	Ever used cocaine, N (%)
	98
	Yes: 493 (19.1)
No: 2089 (80.9)
	Yes: 525 (20.0)
No: 2102 (80.0)

	
	Ever used stimulants, N (%)
	98
	Yes: 379 (14.7)
No: 2203 (85.3)
	Yes: 412 (15.7)
No: 2215 (84.3)

	
	Ever used sedatives, N (%)
	98
	Yes: 87 (3.4)
No: 2495 (96.6)
	Yes: 118 (4.5)
No: 2509 (95.5)

	
	Ever used opioids, N (%)
	98
	Yes: 67 (2.6)
No: 2515 (97.4)
	Yes: 93 (3.5)
No: 2534 (96.5)

	
	Ever used hallucinogens, N (%)
	98
	Yes: 268 (10.4)
No: 2314 (89.6)
	Yes: 301 (11.5)
No: 2326 (88.5)

	
	Ever used ketamine, N (%)
	98
	Yes: 102 (4.0)
No: 2480 (96.0)
	Yes: 133 (5.1)
No: 2494 (94.9)

	
	Ever used novel psychoactives, N (%)
	98
	Yes: 76 (2.9)
No: 2506 (97.1)
	Yes: 109 (4.1)
No: 2518 (95.9)

	
	Smoked cigarettes or rolling tobacco daily, N (%)
	94
	Yes: 928 (37.7)
No: 1531 (62.3)
	Yes: 955 (36.4)
No: 1672 (63.6)

	
	Smoked 20 cigarettes or more daily, N (%)
	100
	Yes: 148 (5.6)
No: 2479 (94.4)
	Yes: 148 (5.6)
No: 2479 (94.4)

	
	Type of cannabis mostly used, N (%)
	84
	None: 1176 (53.3)
Skunk: 142 (6.4)
Hash: 284 (12.9)
Herbal: 360 (16.3)
Other: 244 (11.1)
	None: 1260 (48.0)
Skunk: 219 (8.3)
Hash: 393 (15.0)
Herbal: 403 (15.3)
Other: 352 (13.4)





Supplementary Table 4.	Intercept and coefficient estimates of the prediction model
	Candidate predictors
	Model

	Intercept
	–0.811

	Sociodemographic
	

	
	Age at assessment (years)
	–0.011

	
	Education (years)
	–0.032

	
	Ethnicity White
	–0.004

	
	Ethnicity Black
	0.044

	
	Foreign born
	0.113

	
	Currently unemployed
	0.671

	
	Currently single
	0.577

	
	Never been in a long relationship
	0.358

	
	Number of rooms occupied*
	

	
	Working class
	

	
	Male gender 
	

	Childhood adversity
	

	
	Ran away
	0.052

	
	Had no adults to go to
	0.052

	
	Had no peers to go to
	0.264

	
	Had prolonged loneliness
	0.152

	
	Separated with mother
	

	
	Taken into care
	

	
	Neglected
	

	Adult adversity
	

	
	Had problems with the police
	0.484

	
	Had serious ongoing problems
	0.003

	
	Had serious problems at work
	0.528

	
	Had financial difficulties
	

	
	Had a close relative with illness
	

	
	Had problems with a close friend
	

	Substance use
	

	
	Had friend who used cannabis
	–0.023

	
	More cannabis use than intended**
	0.523

	
	Continued cannabis use***
	0.116

	
	Drank 12+ alcoholic beverages# a week
	–0.098

	
	Ever used cocaine
	0.159

	
	Smoked cigarettes daily
	0.590

	
	Cannabis used - Skunk
	

	
	Cannabis used - Hash
	

	
	Cannabis used - Imported herbal
	

	
	Cannabis used - Other type
	0.227


Coefficient estimates are in terms of the log odds ratio. Intercept estimates represent the log odds for first-episode psychosis when all predictors take on values zero. 
* Number of rooms in the house occupied within the past five years.
** More cannabis use (amount, period) than intended.
*** Continued cannabis used despite knowledge of its adverse effects.
# Drank 12 or more alcoholic beverages within the past 12 months.


Supplementary Table 5.	Apparent performance 
	Apparent performance
	model

	Sample size, N
	2591

	Number of outcome events, N (%)
	1130 (43.6)

	Proportion of outcome events
	0.43

	AUROC
	0.84

	Calibration intercept ()
	0.13

	Calibration slope ()
	1.44



AUROC, area under the receiver operating characteristic curve.








The formula for the final model predicting onset of FEP 
Equation 1. The equation to predict an individual risk of developing first episode psychosis in adults aged 18-65 years old using LASSO model with 3% penalty. where is the model-estimated risk, is the intercept, and  is the coefficient for predictor provides the probability of FEP for each new observation. If the probability is over 50%, then the model would classify the observation as having FEP. The model-estimated risk can be calculated using an equation of the form:



where is the model-estimated risk, is the intercept, and  is the coefficient for predictor 


Example calculation of an individual risk of FEP
An individual is a male aged 19-years old of Black ethnicity, who was born in Croydon (UK), who finished school at age 18 years old, but is currently unemployed. He stated that he does not have any friends and has never had a girlfriend. He does not drink alcohol very often and has never had any problems with police. He does however smoke cigarettes daily. He also uses cannabis continuously. When he socializes out with friends who use cannabis, he tends to use cannabis more than intended. He has never used any other substances. Using the information from Table 2, we can estimate this man’s probability to be diagnosed with FEP following the formula:

= 0.811 + –0.011 × 19 + –0.032 × 11 + 0.044 × 1 + 0.044 × 0 + 0.113 × 0 + 0.671 × 1 + 0.577 × 1 + 0.358 × 1 + 0.052 × 0 + 0.052 × 0 + 0.264 × 1 + 0.152 × 1 + 0.484 × 0 + 0.003 × 0 + 0.528 × 0 + –0.023 × 1 + 0.523 × 1 + 0.116 × 1 + –0.098 × 0 + 0.159 × 0 + 0.590 × 1 + 0.227 × 0  


