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Todays Talk

• The ABCD Study
• Overview
• Update
• A few results

• The HBCD Study
• Overview
• Update

• Questions 
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A large longitudinal study beginning in early adolescence will help us 
understand the normal variability in brain and cognitive development and 

tease apart the many factors that influence it. 

“Thus, the Adolescent Brain Cognitive Development study was created to 
answer the most pressing public health questions of our day.”

Nora Volkow, Ph.D.; Director
National Institute on Drug Abuse

ADOLESCENCE IS A TIME OF DRAMATIC 
CHANGES IN BRAIN STRUCTURE AND FUNCTION.
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• 10-year longitudinal study of 11,878 children (2,100 twins) enrolled at ages 9-10; 21 data collection 

sites in the United States
• Administrative and Data cores at UCSD
• Recruitment through schools – epidemiologically informed, once a school was selected, all 

students who were age 9-10 were invited to participate
• Twins recruited through birth registry at twin-sites

http://www.abcdstudy.org/


ABCD-ReproNim: An ABCD Course on Reproducible Data AnalysesABCD-ReproNimABCD: Who did we want to recruit?• Goal was to recruit a sample that broadly reflected the US population 
of 9–10-year-olds (in 2015) based on data from the American 
Community Survey.

• Baseline 11,878 families recruited in 24 months (575 families in 
Vermont)
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Household Size ABCD ACS

2-3 Persons 17.2% 18.5%
4 Persons 33.5% 33.5%
5 Persons 25.2% 25.3%
6 Persons 14.0% 12.5%

7 or More Persons 10.2% 10.1%



ABCD Initiated by NIH Collaborative Research on Addiction (CRAN)
• NIDA, NIAAA, National Cancer Institute
• Many other federal collaborators are now participating
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ABCD Open Science Model –
A Unique Resource for the Entire Scientific Community

Open sharing through the NIMH Data Access Portal (NDA).
•Goal to allow scientists worldwide to conduct “Big Data” analyses, pool 
resources, and enrich the value of this study. 
•Anonymized raw neuroimaging data, within one month of data collection
•Curated derived data, annually, beginning 1 year after start of data collection
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UVM ABCD Cohort 2017 (age 9-10)

UVM ABCD Cohort 2019 (age 11 - 12)

ABCD STATUS UPDATE
• Currently collecting Year 6 Follow-up data 

(ages 15-16)
• 97.9% sample retention in the ABCD 

Study!
• Remote data collection during the 

pandemic. 
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Publications – Unexpected Focus Areas
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Some key findings from ABCD

• Small effect sizes and the need for large samples (Owens)
• Scientific Training in Addiction Research Techniques (START)

• Family history of SUD related to brain cortical thickness trajectories 
(Dibbs-Goncalves)

• Adolescent positive alcohol expectancies – links to response inhibition 
and brain function (Adams)

• Effects of prenatal cannabis exposure on adolescent development (Cioffredi)
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Marek, et al. Nature 603.7902 (2022)
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Resetting Expectations: Big Data and Small Effects

Owens et al., PLOS One, 2021

195 summary scores from ABCD baseline data yielding 6,669 correlations
• Sleep & total mental health problems (r=.58)
• ASR Parent total psychiatric problem & CBCL child total psychiatric problems (r=.57)

• Fluid intelligence & crystalized intelligence from NIH toolbox (r=.48)
• Age & height (r=.43)
• Parent report of how well child does in school & CBCL Attention problems (r=.43)
• Parent report child has received mental health services & CBCL total problems & (r=.40)
• Parent income and parent reported neighborhood safety (r=.36)

• # of traumatic experiences & CBCL total psychological problems (r=.20)
• Age & pubertal development (r=.17)
• UPPS lack of planning & CBCL attention problems (r=.17)
• Weight & screen time (r=.16)

• CBCL Internalizing symptoms & suicidality (r=.16)
• Parent report Family HX of mental health services & CBCL total problems (r=.15)

• Child report parental acceptance & CBCL total problems (r=.09)

• UPPS lack of planning & detention frequency – parent report (r=.08)
• Sleep problems & total IQ (r=.06)
• Physical activity & weight (r=.03)
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With statistical 
thresholding

With 
covariates

first quartile r = .01, 
median r = .03, 
third quartile r = .07, and 
90th percentile r = .14. 

Resetting Expectations: Big Data and Small Effects
[Owens et al., PLOS One. ]

Effects are bigger for within vs. between 
instrument, domain, and reporter … but 
essentially unchanged.

Also essentially unchanged if you add nuisance 
covariates or apply statistical thresholds and 
only look at the significant correlations.
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• Improve reliability of reported associations.
• Intense phenotyping enable research 

across disciplines – comprehensive look at 
neurodevelopment.

• Robust analytic methods (i.e., built in 
replication)

• Disentangle confounded demographics
• Ability to analyze sub-groups matched on 

particular features to interrogate specific 
research questions.

Why we need large cohort studies



Exposure:
• FH Positive (FHP) (24.8%, n=2,696): having ≥1

biological parents and/or ≥2 biological
grandparents

• FH Negative (FHN) (61.4%, n=6,675), having
no parents/grandparents with alcohol/substance
use problems

• Preadolescents with only 1 grandparent with
a history of substance problems (13.9%,
n=1,507) were not included in our models.

Frontal cortical thickness trajectories among 9–13-year-old preadolescents with
a positive versus negative family history of alcohol/substance use problems.

• Cortical thickness changes in frontal regions
(particularly pre- and paracentral regions) were
significantly associated with FHP, with overall more
rapid thinning.

• The population is largely substance naïve, supporting
prior research showing neurological development of
youths may be affected by parental history of
alcohol/substance use problems.



Alcohol expectancy: personal beliefs that a particular 
behavioral, emotional or cognitive effect will occur when 
drinking alcohol.

Positive expectancy is related to earlier alcohol 
initiation and subsequent use. It may have value as 
a modifiable factor that could be strategically 
leveraged for prevention efforts

Response inhibition: ability to stop a pre-potent
response – measured with a cognitive task (the stop
signal task).

Task performance is related to other forms of impulsivity
including ADHD, and SUD. The stop task is one of the
fMRI tasks in ABCD

Positive alcohol expectancy may be related to 
response inhibition – this may lead to a better 
understanding of the brain mechanisms by which 
our beliefs relate to health behaviors.

Are positive alcohol expectancies related to response inhibition and
brain function?

Results: Positive AE was associated with lower activation in the
right anterior insula during response inhibition.



• Cannabis use during pregnancy is 
increasing in prevalence, frequency, 
and quantity of use. 
• THC readily crosses the placenta and 

accumulates in fetal tissue.
• The endogenous endocannabinoid 

system plays a critical role in early 
brain development.
• Long term effects of exposure remain 

unclear with the National Academies 
of Sciences, Engineering, and 
Medicine concluding in 2017 that 
only reduced birth weight was 
robustly linked to exposure. 

Prenatal cannabis exposure (PCE)

Volkow et al 2019
NASEM 2017
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• Prenatal cannabis exposure after knowledge of pregnancy 
(n=224).

• Tobacco/alcohol exposed group matched on age & sex (n=224).
• Non-exposed group matched on age & sex (n=224).
• Poisson mixed models (family nested within site).
• Covariates:

• Factors related to childhood ADHD: parental psychopathology, maternal 
age, duration of breastfeeding.

• Factors related to neurodevelopment: prematurity, birthweight.
• Demographics not equivalent after matching: race/ethnicity, household 

education

• Outcomes included vertex-wide analysis of the 3 fMRI tasks.
• PCE associated with increased attention and externalizing 

problems (both parent and teacher report) and parent 
reported thought, and social problems. 

• Notably no effects of cognition, or brain activation measures 
from the 3 fMRI tasks after covariates.

A case-control study of prenatal cannabis 
exposure (PCE)

Ciofreddi et al 2022
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• Challenges with retrospective report of prenatal environment
• Improved measures are critical for understanding the effects of the prenatal 

environment.
• Many things happen during early development – hard to untangle prenatal from post-

natal effects.
• The HEALthy Brain Child                                                                                                    

Development (HBCD) Study
is designed to address                                                                                                       
some of these issues.

• Synergies between HBCD                                                                                                       
and ABCD are built in.

Motivation for another large, longitudinal, developmental-
neuroimaging study
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HEALthy Brain Child Development Study

• Prospective longitudinal study of child 
development from pregnancy through 
first 10 years of life

• Target sample size 7,500 mother child 
pairs recruited in mid-pregnancy over a 
~3 year period of time

• 25 recruitment sites across the U.S. 
representing diversity of the population of 
pregnant persons giving birth.
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HEALthy Brain Child Development Study

A longitudinal observational study that aims to understand normative neurodevelopment
from birth to 10 years with an emphasis on providing information on the impact of in utero
exposures to potentially harmful substances and environments..

Substance and other risk 
and protective factor 

exposures

Behavioral, observational, 
and neurocognitive 

assessments

Wearable biosensors 
for heart rate (HR), HR 
variability, sleep/wake 
cycles, and physical 

activity

Biospecimens for 
substance use, 

genomic, epigenomics, 
nutrition, toxins, and 

COVID-19

MRI for structural, 
diffusion, resting state 

connectivity, and 
MR spectroscopy

EEG for baseline, 
auditory evoked 
potential, visual 

evoked potentials, and 
face-object ERP task
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• The ABCD study is doing well! Retention is high and it is yielding rich
longitudinal data.

• The HBCD study has committed to the same open science framework as ABCD
providing access to information about early life experiences.

• Together HBCD and ABCD will help to answer questions about
neurodevelopment from birth to age 20.

• The ABCD dataset is available to you now, and we strongly encourage you to
consider working with it. The first release of HBCD data is anticipated in 2025!

Conclusions



Thank you!

Questions?


