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Adolescent Brain Cognitive Development (ABCD)

A longitudinal multi-site study of 11,878 children from
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Research Objectives

Describe individual developmental trajectories (e.g., brain, cognitive,
emotional, academic), and the factors that can affect them.

Develop national standards of healthy brain development.
Investigate the roles and interaction of genes and the environment on
development.

Study how physical activity, sleep, screen time, sports injuries, and other
experiences affect brain development.

Examine the factors that influence the onset, course, and severity of
mental illnesses.

Understand the relationship between mental health and substance use.

Study how use of different substances (caffeine, nicotine, alcohol,
marijuana) affects developmental outcomes, and vice versa.
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ABCD Study

TIMELINE OF EVENTS
Adolescent Brain Cognitive Development

Teen Brains. Today’s Science. Brighter Future. .
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Physical Health

ABCD Baseline Measure

What it measures:

Youth Parent

(min) (min)

Anthropometrics* Height, weight, waist circumference 5
Snellen Vision Screener Vision screening 2
Edinburgh Handedness Inventory Handedness; Laterality quotient 1
Youth Risk Behavior Survey: Exercise Physical exercise 2
Pubertal Development Scale and
Menstrual Cyde Survey Pubertal stage and menstrual phase 2 6
Screen Time Survey Screen time utilization 3 2
o 1 H Demographics, race, gender, family structure, SES,

s Survey education and occupation S
Medical History Questionnaire Medical history and health services utilization 10

. ; ; Prenatal exposure by trimester - medications, drugs,
Developmental History Questionnaire slcohol. sobasen 15
Medications Survey* Current and past medications 5
Sleep Disturbance Scale for Children Sleep and sleep disorders 3
Sports and Activities Involvement : ) ) .
- ke Involvement in sports, music, and hobbies, TBI risk 10
Ohio State TBI Screen - Short Traumatic brain injury of youth 8
Total Minutes 15 LX)

*Modified from PhenX

Mental Health

Youth Parent Parent
ABCD Baseline Measure What it measures: " .
(min) (min) -
(min)
Kiddie Schedule for Affective Disorders and Schizophrenia (KSADS-5)
Youth: school, sexual orientation 2
Background Items Survey
Parent: school, family, social relations 5
Youth: mood, social anxiety, generalized 13
anxiety disorder, suicide, sleep
Diagnostic Interview for DSM-5
Parent: all modules 60
UPPS-P for Children - Imoulsivi 3
Short Form (ABCD version) pulsivity
Behavioral Inhibition/Behavioral Approach L :
System (BIS/BAS) Scales* Inhibition and reward seeking 3
Prodromal Psychosis Scale Prodromal psychosis level 8
Youth Resilience Scale Resilience (friends) 1
Child Behavior Checklist ?ime_nsipnal psychopathology, adaptive 10
unctioning
Parent General Behavior Inventory - Mania | Subsyndromal mania 5
Adult Self Report Parent dimensional psychopathology 10 10
Family history of psychopathology and
Family History Assessment substance use (for biological or adoptive 15
parent)
Total Minutes 30 105 10

*Modified from PhenX




ABCD Baseline Measure

Participant Last Use Survey (PLUS)

Substance Use

What it measures:

Tobacco/caffeine/medication usage in the
last 24 hours

Parent Rules

Parental substance use approval and rules

Community Risk & Protective Factors*

Perceived availability

Heard of alcohol, tobacco/nicotine, marijuana, other:

Peer Group Deviance*

Peer group deviance & influences

PATH Intention to Use Tobacco Survey

Intention to use, susceptibility

Having tried alcohol, tobacco/nicotine, marijuana (e.g., sip or puff):

TFlme. lh.l K Su Quantity/frequency of all substance use 3-20
iSay Il Q2 Sipping Items Early alcohol use 1

Tobacco Low-Level Use Measure

Early tobacco use

Marijuana Low-Level Use Measure

Early marijuana use

Caffeine intake (only if heard of caffeine)

Caffeine use, type & quantity

ABCD Baseline Measure

What it measures:

Youth Parent

(min) (min)

Having ever used alcohol, tobacco/nicotine, marijuana, other (e.g., full drink, more than just a puff):
Acute Subjective Response to Alcohol* Sensitivity to alcohol effects 2
Acute Subjective Response to Tobacco* Sensitivity to tobacco effects 1
Acute Subjective Response to Marijuana Sensitivity to marijuana effects 1

Having two or more occasions of the respective substance use in past six months:

Hangover Symptom Scale Alcohol use consequences 3
Rutgers Alcohol Problem Index Alcohol use consequences 2
Nicotine Dependence (from PATH) Nicotine use consequences 2
Marijuana Problem Index Marijuana use consequences 2
Drug Problem Index Substance use consequences 2

*Modified from PhenX




NeuroCognition

ABCD Baseline Measure

What it measures:

Culture & Environment

ABCD Baseline Measure

What it measures:

Youth Parent

(min) (min)
NIH Toolbox Tasks
Parental Monitoring Survey Parental monitoring/supervision 1
Picture Vocabulary Language: vocabulary knowledge, estimated verbal 1Q 4 pw le from Children's
Report of Parental Behavior Inventory Environment - Family & Religion 2
Flanker Inhibitory Control and Attention, cognitive control; executive function; inhibition of 4 (CRPBI) - Short
Attention automatic response
) ) ) ) School Risk & Protective Factors Survey* |Risk and protective factors 1
List Sorting Working Memory Working memory, information processing 8
Dimensional Change Card Sort fExeo:ut_ive function: set shifting, flexible thinking; concept 6 Prosocial Behavior Survey Resilience 1 1
ormation
Pattern Comparison Processing Speed |Information processing; processing speed 3 Jis=tion Survey* Cultural factors i !
Family Environment Scale - Family Family & ) hesi . fi 2 2
Picture Sequence Memory Episodic memory; sequencing 7 Conflict Subscale* amily dynamics, cohesion, expressiveness, conflict
Oral Reading Recognition Language: oral reading (decoding) skills, academic achievement < Neighborhood Safety/Crime Survey* Risk and protective factors, crime 1 1
. . ) Vancouver Index of Acculturation - )
Rey Auditory Verbal Learning Test Learning and memory 9 Short Survey Acculturation 5
A R - . L . Multi-Group Ethnic Identity - -
Cash Choice Task Motivation, disinhibition, risk-taking, impulsivity 1 Revised Survey Cultural affiliation 2
Little Man Task Visuospatial processing, flexibility, attention 6 Mexican American Cultural Values Scale | Familism, religion, independence, self-reliance 5
Matrix Reasoning Task Fluid intelligence; visuospatial reasoning 8 Native American Acculturation Scale Tribal affiliation (for Native American Parents only) 5
RAVLT Delayed Recall Memory recall 1 Total Minutes 9 22
Total Minutes 60 *Modified from PhenX




Biospecimens

ABCD Baseline Youth Parent

Bi What It Measures Method : :
ioassay (min) (min)
Alcohol Screen* Past day alcohol use Breathalyzer 1
Drug Screen* Past day drug use Oral fluid - Drager 1
S‘.‘bﬂm“ Use Metabolites of past 3 month substance use | Hair (~100 strands) 5
History
Pubertal Hormones | Estradiol, testosterone, and DHEA Oral fluid 7
DNA (bank) Genetic and epigenetic factors Oral fluid/blood* 8-10
Baby Teeth Substence snd emiromments] Sodi Prior/newly shed baby teeth 5
exposure
Total Minutes 22-24 5

Other Data Sources

Parent Teacher

What it measures: s =
(min) (min)

ABCD Baseline Measure

Geocoding from Residential History Environmental risk 5
School Records Educational attainment 3
Brief Problem Monitor - Teacher Form | Dimensional psychopathology, adaptive functioning 2

*Subset of participants

Imaging Protocol (every 2 years)

* Harmonized scanner protocol (Siemens/GE/Philips)
* Derived from HCP with support from all vendors

* Sites announce scan success in REDCap

* Data transfer with FIONA system (outside REDCap)
github.com/ABCD-STUDY/FIONASITE

e ABCD-Report system for QC, find missing data




A

BCD Imaging

Harmonized imaging protocol
using multi-band acceleration
200,000 brain images per participant

Structural MRI

* [8min] 3D T1 - Weighted
* [7min] 3D T2 - Weighted
* [10min] Diffusion Tensor Imaging

Functional MRI
[5min] Resting State

[10min] Monetary Incentive Delay Task
[11min] Stop Signal Task

[10min] Emotional N-Back Task

Flip Phase
% FOV  Resolution TR TE TI Angle Parallel MultiBand partial Diffusion Acquisition
Siemens Matrix Slices FOV phase (mm) (ms) (ms) (ms) (deg) 1Imaging Acceleration Fourier Directions b-values Time
T1 256 x 256 176 256x256  100% 10x1.0x1.0 2500 2.88 1060 8 2x Off Off N/A N/A 7:12
T2 256 x 256 176 256 x 256 100% 1.0x1.0x1.0 3200 565 N/A Variable 2x Off Off N/A N/A 6:35
500 (6-dirs)
1000 (15-dirs)
2000 (15-dirs)
Diffusion 140 x 140 81 240x240  100% 17x1.7x1.7 4100 88 N/A 90 Off 3 6/8 96 3000 (60-dirs) 7:31
fMRI 90x 90 60 216x216  100% 24x2.4x24 800 30 N/A 52 Off Off N/A N/A
Fli
% FOV  Resolution TR TE TI Ang':e Parallel MultiBand Half Scan Diffusion Acquisition
phi|ip5 Matrix Slices FOV phase (mm) (ms) (ms) (ms) (deg) Imaging Acceleration Factor Directions b-values Time
T1 256 x 256 225 256x240 93.75% 1.0x1.0x1.0 6.31 2.9 1060 8 1.5x2.2 Off N/A N/A N/A 5:38
T2 256 x 256 256 256x256  100% 1.0x1.0x1.0 2500 251.6 N/A 90 1.5x2.0 Off N/A N/A N/A 2:53
f 500 (6-dirs)
1000 (15-dirs)
2000 (15-dirs)
Diffusion 140 x 140 81 240 x 240 100% 1.7x1.7x1.7 5300 89 N/A 78 Off 3 0.6 96 3000 (60-dirs) 9:14
fMRI 90x 90 60 216x216  100% 24x2.4x24 800 30 N/A 52 Off 6 7 0.9 N/A N/A
Flip Phase
% FOV Resolution TR TE TI Angle Parallel MultiBand partial Diffusion Acquisition
GE Matrix Slices FOV phase (mm) (ms) (ms) (ms) (deg) 1Imaging Acceleration Fourier Directions b-values Time
T1 256 x 256 208 256x256  100% 10x1.0x1.0 2500 2 1060 8 2x Off Off N/A N/A 6:09
T2 256 x 256 208 256x256  100% 1.0x1.0x1.0 3200 60 N/A  Variable 2x Off Off N/A N/A 5:50
500 (6-dirs)
1000 (15-dirs)
2000 (15-dirs)
Diffusion 140 x 140 81 240 x 240 100% 17x1.7x1.7 4100 81.9 N/A 77 Off 3 5.5/8 96 3000 (60-dirs) 7:30
fMRI 90x 90 60 216x216  100% 24x2.4x24 800 30 N/A 52 Off Off N/A N/A




Backbone — Data Collection

Systems:

External assessment
vendors (KSADS, TB,
Pearson, Millisecond)

Issue tracking |Melir:l[FZ=CRYIMlI Documents Reporting Auto scoring = Data transfer
Zammad (home grown) | cciiii=qe-= | (home grown) (home grown) 20x FIONA

B D E F

REDCap (database)

Data sharing on NIMH Data Archive

Data Analysis and Exploration Portal

All data for capture, scoring and sharing reside in ABCD-REDCap

Participant |IDs are predefined (Centralized PIl)

Longitudinal/multi-site (single arm)

Protocol changes are encouraged (10year study) and require curation of already captured data in REDCap
Auto-Scoring for continuous data transformations and derived scores




existing events

Reporting - Study Tracking - Enrollment - Retention
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missing events

15 missed 1 event
5 missed 2 events
2 missed 3 events
1 missed 4 events
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Reporting - Study Tracking - Enrollment - Retention

Scheduling Status

Scheduling status of enrolled participants. Based on participants position on the time interval, they are classfied into these catagories:
Eligible Now - The participant is eligible for the next visit now. Please schedule as soon as possible (days left, event name, date range).
Eligible Soon - The participant will reach the next visit period soon, and it is OK for RAs to make appointments with this participant (days left, event name, date range).
Just Scheduled - The participant just scheduled or finished a visit. Nothing needs to be done recently (Done/Scheduled, event name, date range).

Just Just Done Enrolled
Scheduled

Eligible Now Eligible Soon [ Just Scheduled B Just Done

666 733 618 609 596 635 534 575 575 577 450 442 434 374 357 595 359 500 330
I O [ I N [ I

Eligible Now Eligible Soon

11780 1093 728

ABCD UTAH LIBR ucsb UMICH FIU YALE UMN WUSTL vcu UvM CcuB OHSU UPMC UCLA CHLA SRI UWM umB MUSC UFL ROC



- Enrollment - Retention
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Reporting - Study Tracking - Enrollment - Retention

The data below shows the ethnicity of enrolled ABCD participants in five categories calculated from the self-assigned ethnicity variables demo_race_a_p, demo_race_ax_v2, demo_ethnx_v2, and demo_ethn_v2b. Only valid ABCD participants are counted based on the value of the
enroll_total variable that includes information about the signed consent for the parent and assent of the child as well as pilot status and exclusion information.

The circle charts display ethnicity information by site. The inner annulus depicts the target ethnicity. The number below the site's name is a composite of the differences across all ethnicities (100% equates perfect matching ethnicities).
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Reporting - Study Tracking - Enrollment - Retention

Redefine instrument completion:
Every answer is required (percentage complete by site = data access group)

NDAR_INVY20RSX1P 2018-08-14 12116 100%
NDAR_INVGIBARF9G 2018-08-13 15:11 100%
NDAR_INVPSPOYUVE 2018-08-13 18127 100%
NDAR_INVGTMRAV6G 2018-08-12 10121 100%
NDAR_INVRGLBEBD1 2018-08-12 09119 100%
NDAR_INVI4UOIGZR 2018-08-11 13118 100%
NDAR_INVAZAEEXZS 2018-08-11 09123 100%
NDAR_INVRPXBIMZT 2018-08-11 09126 100%
NDAR_INVU14KHR3J 2018-08-08 13113 100%
NDAR_INVU7ITI2AE 2018-08-08 09106 100%
NDAR_INVINXTOTX2 2018-08-07 17128 99%

NDAR_INVE11CUKJT 2018-08-06 16107 100%
NDAR_INVDDKFSHEX 2018-08-05 09116 100%
NDAR_INVLFXSPTZ6 2018-08-05 09:11 100%
10:21 100%
NDAR_INVDXUFGSEK 2018-08-04 09122 100%
NDAR_INVXS152WMR 2018-08-04 13104 100%
NDAR_INVXMMZIBIES 2018-08-04 09105 100%
NDAR_INVOVFOJVNL 2018-08-03 12111 100%
NDAR_INVRFEDNNS9 2018-08-03 13110 100%
NDAR_INV40J2BTID 2018-08-02 17:05 97%

NDAR_INVDSBCSCUY 2018-07-31 14151 100%
NDAR_INVLHAJEBJJ 2018-07-29 13115 100%
NDAR_INVM1IAJZZA 2018-07-29 10141 100%
NDAR_INVDAVZIOONR 2018-07-28 10119 100%
NDAR_INVIXRWEG62 2018-07-27 16123 100%
NDAR_INVRIYVGDG 2018-07-27 13115 100%
NDAR_INVITP2ZHLN 2018-07-27 13120 100%
NDAR_INV6LU3MBOM 2018-07-24 17122 100%
NDAR_INVEFAVSDOO 2018-07-24 13127 100%
NDAR_INVIROFOERZ 2018-07-22 10143 99%

NDAR_INVLMZNIPFG 2018-07-22 09150 100%
NDAR_INVCP16BG12 2018-07-20 17:34 100%
NDAR_INVNO2CABXV 2018-07-20 13127 100%
NDAR_INVUETKIULB 2018-07-20 13122 100%
NDAR_INVWLEWSIWZ 2018-07-19 10102 100%
NDAR_INVIYBINGUJ 2018-07-17 17115 100%
NDAR_INVVAXLOBNG 2018-07-17 17154 100%
NDAR_INVAUS79320 2018-07-16 12109 100%
NDAR_INVGIFEZAEG 2018-07-16 15125 100%
NDAR_INVTIZSYXEL 2018-07-16 09120 97%

NDAR_INVO29PWCFY 2018-07-15 14118 100%
NDAR_INVELCKPTGB 2018-07-15 11123 100%
NDAR_INVLDKOOHZG 2018-07-15 09108 100%
NDAR INVISLAIXLG 2018-07-14 08158 100%
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BL 11,873

ém 8,623

65,854 measures

Culture and Environment;s
Mental Healths,

Physical Healthyg

ABCD Data Release 2.0

Substance Usejy
Neurocognition;g

Mobile Technology;

— Scansg

— Imagingys
Other (passive data),

|
|
.

4GB of shared spreadsheet data (year2) + 100TB of MR imaging data (DICOM/BIDS)



Release Year Baseline 6 month

1year 18 month 2year 36 month 3 year 48 month 4 year 60 month 5year 72 month 6 year 84 month 7 year 96 month 8 year 108 month 9 year 120 month 10 year 132 month 11 year 144 month 12 year

1 0
3 11,873 11,873 11,873 0
5 11,873 11,873 11,873 11,873 11,873 11,873 11,873 0
7 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 0
9 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 0
11 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 0
13 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873 11,873
Collection year 0 0.5 1 15 2 2.5 3 3.5 4 45 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 115 12
Yearly (rolling) release schedule
| I |
| | | | | | | | | | |
o \ i { N | g ol |~
Baseline Year 2 Year 4 Year 6 Year 8 Year 10
Year | Year 3 Year 5 Year/ Year 9
Spreadsheet data (year 12)
21 visits, 11,873 participants,
65,000 measures = 16:107
values (16Billion) = 24GB
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Data Exploration and Analysis Portal (DEAP)
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Web-based interface, cloud deployment on NIMHDA
NIMH’s NDA data sharing platform as data source
Access to all ABCD measures shared in NDA17

Build-in nesting for multi-level covariates of choice
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Access to visualizations and statistical model summary
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Medical Imaging (MRI/MRS), AlI/ML, Visualization (MMIV.no)

MMIV CONFERENCE 2019
@MMIV @MMIV

Venue: Bikuben, Jonas Liesvei 72c Bergen

Conference Program

Monday December 9th
10:00 - 10:05 Welcome address by Eivind Hansen, Chief Executive Officer of the Haukeland University Hospital
10:05 - 10:20 Rector Dag Rune Olsen, University of Bergen: Convergence of Sciences
10:20 - 11:00 Keynote Prof. Bradley J. Erickson, Mayo Clinic Rochester: Seeing is Believing: Can We Trust Al?
11:00 — 12:00 Poster Speed Presentations

12:00 — 13:00 Lunch

13:00 - 14:30 Artificial intelligence and computational medicine in the clinic

* Arvid Lundervold — Artificial intelligence and computational medicine

* Alexander S. Lundervold — Perspectives on deep learning in medical imaging @ MMIV

* Hauke Bartsch — Designing a research environment for imaging-based ML methods — How Al shapes the future of hospital IT
* Helga M. Bregger — Al in the radiology clinic. Perspectives from the Norwegian Society of Radiology.

14:30 — 15:30 Coffee break

15:30 — 16:10 Keynote Prof. Anders Persson, Linkoping University: Benefits, barriers and opinions on multidisciplinary team building:
CMIV a case study

16:30 — 18:30 Reception at the MMIV centre



