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eMethods. Description of Assessments

Full description of assessments including fMRI tasks and study protocol can be found
in Schumann et al., 2010.1 Additional information regarding ethics, recruitment and
standardized instructions for all tasks can be found in the publicly available standard
operating procedure (https://imagen-project.org/?page_id=525). Assessments were
associated with one of the four domains: brain predictors, social predictors, personality
predictors and family history for substance abuse.

Personality predictors

Impulsivity. Impulsivity was measured using the revised version of the Temperament
and Character Inventory (TCI-R).? The novelty seeking scale of the TCI-R was included
to assess lower order trait dimensions more specifically related to disinhibitory
psychopathology.

Extraversion. Extraversion was assessed as one dimension of the 60-item
Neuroticism-Extraversion-Openness Five-Factor Inventory (NEO-PI-R) returning
scores for Extraversion, Agreeableness, Conscientiousness, Neuroticism, and
Openness to experience. The NEO-PI-R is a valid method of assessing broad
dimensions of personality?> based on the Five-Factor Model of personality.* The
Extraversion factor measures the preference for seeking and engaging in social
interactions and has been linked to sensitivity to rewarding environmental cues.®

Risk Taking. Risk taking was measured via the Cambridge Guessing Task (CGT) as
part of the computerized Cambridge Neuropsychological Test Automated Battery
(CANTAB).® The Cambridge Guessing Task (CGT) was developed to assess
decision-making and risk-taking behavior outside a learning context. In the task, a
row of ten boxes is presented at the top of a screen, some of which are red and some
of which are blue. The bottom of the screen shows two rectangles containing the
words ‘Red’ and ‘Blue’. During each trial, participants are prompted to guess whether
a yellow token is hidden behind a blue or a green box. In the gambling stages,
subjects are given a number of points at the start, which is displayed on the screen.
They can select a proportion of these points, displayed in either rising or falling order
in a second box on the screen, to gamble on their confidence in this judgment. A
stake box on the screen displays the current amount of the bet. The subject must try
to accumulate as many points as possible. For IMAGEN, a modified version of the
CGT was used, in which the time between stakes is reduced from 5s to 2s to make
the task shorter and more interesting for adolescents. Stakes are displayed first in
ascending, then in descending order.

Social predictors

Parental socioeconomic status (SES). Parental socioeconomic status score was
derived from the parents’ Development and Well-Being Assessment (DAWBA)’ and
European School Survey Project on Alcohol and Other Drugs questionnaires
(ESPAD)® by adding the following variables: parental education, family stress,
unemployment, financial difficulties, home inadequacy, neighborhood, financial crisis,
parents’ employment.® Negative scores were recoded so that higher scores would
indicate a higher SES.

Life Events Questionnaire (LEQ). Stressful life events were assessed with the LEQ,
a 39-item questionnaire asking about the lifetime occurrence and the perceived
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valence of stressful events in the following domains: family/parents, accident/iliness,
sexuality, autonomy, deviance, relocation, and distress.’® We used the two domains
that are relevant for vulnerability and prediction of substance abuse: sexuality and
family/parents. For analyses, the frequency scores of both domains were used.

Brain predictors

Monetary Incentive Delay (MID) Task. Brain predictors were extracted from fMRI data
assessed during the Monetary Incentive Delay (MID) task. The MID is adapted from a
previously described task!! and requires participants to respond to a briefly presented
target (250-400 ms) by pressing either a left-hand or right-hand button as quickly as
possible to indicate whether the target appeared on the left or the right side of the
screen. The target is presented after a delay of 4-4.5 s (blank screen) following a cue
(250 ms). Participants scored points when responding while the target was on the
screen, whereas they did not receive points for premature or delayed responses. A
second cue before the onset of each trial reliably indicated the target position and the
expected win in case of a successful response. A triangle as cue indicated no points,
a one-lined circle 2 points and a three-lined circle 10 points. Twenty-two trials of each
category (no win = 0 points, small win = 2 points, large win = 10 points) were presented
in a pseudo-random order. The duration of the target was adjusted adaptively so that
66% of the trials produced a correct response. The participants were informed that
they would receive one candy (M&M) for every five points won at the end of the
session.

For functional fMRI analyses, contrast images for the anticipation period of large win
minus no win, and the outcome period for large win minus no win were calculated. For
the first-level analysis, experimental events were modeled by convolving the canonical
hemodynamic response function with the onsets of the anticipation and feedback (win
or fail) periods for each cue and feedback type as well as button presses. Individual
contrast images were calculated for anticipation (large win versus small win) and
outcome phase (large win versus no win) in hit trials. On the second level, these
differential t-contrast images were entered to one-sample t-tests including scanning
site as covariate. Regions of interest (ROI) analyses were conducted using literature-
based ROIs of the functional key nodes ventral striatum (VS) and ventromedial
prefrontal cortex (VMPFC). Brain activation in the VS during outcome and anticipation
phase of the MID and brain activation in the vmPFC during anticipation phase of the
MID were used for the latent growth curve modeling®.

Familial risk

Familial risk for substance misuse. Familial risk of drug and alcohol misuse was a
composite of multiple measurements and categorized in “positive family history” (score
2), “negative family history” (score 0), and “intermediate family history” (score 1, neither
positive nor negative).'? To assess familial risk of illicit drug and alcohol misuse, the
following measurements were used: the Michigan Alcohol Screening Test (MAST), a
family history interview on substance misuse, parent-administered AUDIT and the
Drug Abuse Screening Test (DAST).* The criteria for intermediate family history of
alcohol misuse or illicit drug use were met, if parents showed elevated scores on
MAST, DAST, or AUDIT without clear indication for misuse or when alcohol or illicit
drug misuse was assessed for second degree relatives. An intermediate family history
of illicit drug misuse was identified when parents scored higher on DAST or drug
misuse was assessed for second degree relatives or when family history of alcohol
misuse was positive.
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A positive family history of alcohol abuse was specified when at least one first degree
relative was reported to suffer from alcohol abuse (family interview) or when parents’
MAST score indicated an abuse of alcohol. A positive family history of illicit drug abuse
was specified when at least one first degree relative was reported to suffer from drug
abuse (family interview).

To group adolescents regarding their family history of substance abuse, a Two-Step
Cluster analysis (TSC) was conducted using family history of substance misuse
(alcohol and illicit drugs) as input variables. Resulting clusters regarding the family
history variables were compared by calculating Mann—-Whitney U tests. This data
reduction approach was implemented in order to separate participants according to
familial risk, assessed by two variables a three categories.

eTable. Paths Estimates of Predictor Domains (Social, Personality, Brain)

Indicator Domain Estimate SE
MID outcome ventral striatum Brain -0.21 0.04
MID anticipation ventral striatum | Brain 1.19 0.18
MID anticipation ventromedial Brain 0.35 0.06
prefrontal cortex

Parental SES Social 0.28 0.04
LEQ sexuality Social -0.65 0.05
LEQ family Social -0.35 0.04
Impulsivity (TCI-R) Personality 0.51 0.04
Extraversion (NEO-PI-R) Personality 0.36 0.03
Risk-taking (CGT) Personality 0.23 0.03

Note: MID = Monetary Incentive Delay, VS = Ventral Striatum, SES = socioeconomic status, LEQ = Live Events
Questionnaire, TCI-R = revised version of the Temperament and Character Inventory, NEO-PI-R = Neuroticism-
Extraversion-Openness Five-Factor Inventory, CGT = Cambridge Guessing Task
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