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Goals of this presentation

• Overview of The Adolescent Brain Cognitive 
Development (ABCD) study

• ABCD’s Assessment Scheme 

• Findings to date

• Genes vs. Environment: How the ABCD study is 
poised to address important questions regarding 
vulnerabilities and cause/effect associations



About Us
• We are professors in the Dept of Psychology at the University of Minnesota 

and co-directors of the UMN’s ABCD data collection site
• We both have Ph.D.s in clinical psychology with interests in adolescent 

mental health, adolescent brain development, and vulnerabilities to 
substance use disorders.

• Luciana is an expert on the development and neural underpinnings of 
executive functions and emotional systems that continue to develop 
through adolescence.

• Iacono is the founder and director of the Minnesota Center for Twin and 
Family Research. He is a behavior geneticist who has used twin and 
adoption study methods to dissociate genetic vs. environmental influences 
over mental health outcomes. 



Overview of the Adolescent Brain Cognitive 
Development (ABCD) Study:

Study Design, Objectives, and Sample



ABCD Initiated by NIH Collaborative Research on Addiction (CRAN)
– NIDA, NIAAA, National Cancer Institute
– Many other federal collaborators are now participating



Design Overview
• The largest adolescent-focused study of brain and behavioral development world-wide

• 11,875 youth ages 9-10 have been enrolled nationwide; goal is to follow them for a period of 

at least 10 years

• Singletons and twins are part of the study sample

• School-based recruitment, epidemiologically ascertained sample (singletons)

• Recruitment from birth registries (twins; 4 sites within the Consortium)

• Multimodal neuroimaging

• Extensive health and behavioral assessment

• Activities and environments monitored; novel 

technologies

• Biosamples: hormones, substance use

• Open science framework



• Develop national standards for normal brain development in youth.
• Identify individual developmental trajectories (e.g., of cognitive, and 

emotional development), and the factors that can impact them (risk and 
protection).

• Examine the roles of genetic vs. environmental factors on development, as 
well as interactions  (e.g., by analysis of data from over 800 twin pairs). 

• Study the effects of health, physical activity, sleep, as well as sports and 
other injuries on brain development and other outcomes.

• Study the onset and progression of mental disorders, factors that influence 
course or severity; and the relationship between mental disorders and 
substance use. 

• Determine how exposure to substances such as alcohol, nicotine, & 
cannabis, affects developmental outcomes and vice versa. 

Study Objectives



Maturing Technology
• Multisite, multiple modality neuroimaging, affordable genotyping
• Novel assessment technologies (i.e., web, mobile, wearables).
Maturing Scientific Workforce
• Experience in long-term multi-site studies with families and youth. 
• Increasing acceptance of open science 
• Advanced computational expertise
Rapid Changes in the Culture
• Changing policies and laws with respect to substances available to youth
• Changes in substances, modes of use
• Increasing screen time, social media engagement, etc.

Why now?
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ABCD Assessment 
Schedule

• Comprehensive assessments at baseline and biennial follow up 

visits (including multimodal imaging)

• Briefer assessments at face-to-face interim year visits

• More frequent phone/web assessments (every 6 months)

• Both parents and youth provide information

• Goal was to select measures that are brief, automated, and 

harmonized with other large-scale studies







Mid-year follow-ups (every six months) in
the form of phone calls

Youth = the source of information

Emphasis is on substance use behaviors,
adaptive function/psychopathology, and
affective well-being



The one-year assessment does not
include neuroimaging and is more
limited in scope.



• The Consortium maintains rigorous processes for data quality 
control

• ABCD encourages an open science model
• Anyone can access the data via the NIH National Data Archive 

(NDA): https://nda.nih.gov/
• Curated data releases occur annually; to date, there have 

been two such releases
• Fast track imaging data can be accessed more frequently

Data Access and Findings

https://nda.nih.gov/


Findings to date have emphasized

• Methods development

• Understanding of risk and protective factors for 
adolescent mental health*

• Brain-behavior associations*

• Substance misuse: Neurotoxic consequences vs. 
premorbid effects*



Understanding of risk and protective factors 
for adolescent mental health:

Suicidal ideation and behavior and non 
suicidal self-injury in the ABCD baseline 

cohort



Child Self Report – Both Sexes



Child Self Report – By Sex



Parent Report-By Sex



Rates of suicidal ideation

• General agreement between parent and child reports

• Intriguing that rates are higher in males vs. females

• Will be important to follow the sample through the 
pubertal transition to see how these findings change 
over time and to assess behavioral correlates

• There have been some attempts, using the baseline 
data, to explore correlates of depressive 
symptomatology.



From: Association Between Childhood Anhedonia and Alterations in Large-scale Resting-State Networks and 

Task-Evoked Activation

JAMA Psychiatry. 2019;76(6):624-633. doi:10.1001/jamapsychiatry.2019.0020

Group differences between children with and
Without anhedonia in task-evoked functional 
MRI activation during reward anticipation 
(Monetary Incentive Delay Task: large reward
neutral cue). Figure shows regions of
weaker activation in children with anhedonia

Brain-Behavior Associations



Sports involvement as a protective factor?

Involvement in sports is
associated with fewer depressive
symptoms in boys; this 
association was partially mediated
by hippocampal volume.
Longitudinal data will allow causal
mechanisms to be investigated.

“Sports involvement interacted with sex to predict depressive 
symptoms, with a negative relationship found in boys only (t = −5.257, 
β = −.115, p < .001). Sports involvement was positively correlated with 
hippocampal volume in both boys and girls (t = 2.810, 
β = .035, p = .007). Hippocampal volume also interacted with sex to 
predict depressive symptoms, with a negative relationship in boys 
(t = −2.562, β = −.070, p = .010), and  served as a partial mediator for 
the relationship between involvement in sports and  depressive 
symptoms in boys.”



Substance misuse: Neurotoxic 
consequences vs. premorbid effects



Substance Use in the ABCD Baseline Cohort

• ABCD Release 2.0

• Baseline Data: Age 9-10 years
Substance N % of total N

Full Drink Alcohol 21 0.18%

More than Puff – Cigarette 9 0.08%

More than Puff – E-cig/Vape 11 0.10%

More than Puff - Marijuana 5 0.04%



Because substance use is so minimal at 
baseline, ABCD is well-positioned to be able 

to differentiate premorbid vulnerabilities 
from exposure effects over time. 



Genes vs. Environment: How the ABCD study is 
poised to address important questions regarding 

vulnerabilities and cause/effect associations



Does Adolescent Marijuana Use Cause 
Cognitive Decline?

What is currently known?



Overview of Literature
• Findings have been inconsistent, with some studies 

reporting IQ effects and others no effect
• Not clear if any reported effects are causal or due to 

confounding factors (e.g., genetic influence, low SES, 
comorbidity, school underparticipation, etc.) 

• Not always clear to what degree effects attributable to 
current use vs. chronic use

• Not clear if effects are permanent
• Largely cross sectional and correlational
• Largely small N, case-control
• Largely retrospective reporting of use

• Few prospective studies with 1st assessment preceding initiation 



• Meier et al. (2012) PNAS prospective singleton study 
showing that adolescent marijuana use is associated 
with decline in IQ

• Jackson et al. (2016) PNAS prospective twin study 
showing that adolescent marijuana use is associated 
with decline in IQ, but marijuana is not causal

• These two studies highlight the value of the ABCD 
research design which is both prospective and includes 
twins

Two Key Studies that Have Extended 
this  Literature





• Dunedin NZ community birth cohort (N=874)

• IQ assessed at ages 7-13 and age 38 with Wechsler 
individually administered IQ tests (WISC-R & WAIS-IV)

• 18% of sample met criteria for cannabis dependence, 
and 18% met criteria for regular use (used 4 
days/week for a year)

Meier et al. 2012



Persistence of Dependence & Regular Use



Persistence of Dependence



Persistence of Regular Use



Adolescent Vulnerability & Persistence of 
Dependence

Adolescent 
Onset

Adult Onset



Is there recovery from adolescent heavy use?

Adolescent Onset (weekly use before age 18) Adult Onset (no weekly use before age 18)





Is there recovery from adolescent heavy use?

Adolescent Onset (weekly use before age 18) Adult Onset (no weekly use before age 18)



• Adolescent use was associated with poor 
cognitive functioning and decline in IQ

• Effects stronger for persistent use

• Effects appeared specific to adolescent 
onset and did not vary with frequency of 
use during the year preceding age 38 
assessment

• Findings consistent with possible 
neurotoxic effect of cannabis use

Take Away Message from Meier et al. 2012 



Limitations of Longitudinal Studies

• Such findings can be interpreted as evidence of marijuana’s 
deleterious effects on adolescent brain development 

• But adolescents who are disposed to use cannabis differ from 
those who do not even if they don’t use cannabis
– They are at high genetic & environmental risk – IQ decline may 

occur in the absence of use

– Poor academic performance predicts initiation (Hawkins et al., 
1992)  - low IQ may precede marijuana initiation



• Regardless of the reason for the cognitive decline 
associated with marijuana use, adolescents should not 
use marijuana

• But the reason does matter: Optimal prevention 
strategy depends on answer
– If the problem is the liability - target resources to the high risk 

individual
– If the problem is the consequences of use - target resources 

to limit marijuana access
• Especially important if legalization trends continue

Why Does It Matter Whether Marijuana is Causal?



An MCTFR Project



Questions posed by Jackson et al. 2016

• Is adolescent marijuana use associated with poor cognitive 
functioning?

• Is adolescent marijuana use associated with decline in IQ?

• Is greater use associated with greater decline in IQ?

• Are observed effects more likely to reflect consequences of 
use or familial confounding factors associated with both low 
IQ and use that might reflect the liability to use?

• Does poor cognitive functioning precede marijuana use?



Jackson et al. (2016) 

• Replication across two geographically and 
ethnically distinct community samples (USC RFAB 
N=789; MTFS N=2277)
– Largest sample to date N=3,066

• Twin IQ assessed at ages 9-12 and 17-20 using 
Wechsler scale subtests prorated to yield IQ 
– USC RFAB –WASI at both intake and follow-up

• Vocabulary, similarities, block design, matrix reasoning

– MTFS – WISC-R and WAIS-R
• Vocabulary, information, block design, picture arrangement



• Co-twin control (CTC) analysis carried out on pairs 
discordant for use and discordant for heavy use (MTFS)

• CTC logic as applied to discordant MZ twins
– IQ of nonusing twin provides indication of what the cognitive 

ability of the using twin should be had the using twin not 
used

– If the using twin shows more IQ decline than the nonusing
twin => low IQ is a consequence of use

– If the IQ of the twins is the same => genetic/familial liability 
accounts for the IQ decline

Co-Twin Control Design





Marijuana User Group IQ Results Overview



Verbal IQ in Marijuana User Groups: RFAB

Baseline:
No IQ 

difference



Verbal IQ in Marijuana User Groups: RFAB

Follow-up:
User deficit 

~4 points



Verbal IQ in Marijuana User Groups: MTFS

Baseline:
User  deficit 

~2 points



Verbal IQ in Marijuana User Groups: MTFS

Follow-up:
User deficit 

~6 points



Meier et al. 2012: IQ deficit in early adolescence as a function 
of age 38 outcome

Age 38 
Outcome

N Age 7-
13 IQ

p-value Effect 
Size

No Diagnosis 721 101.5

Dependence 153 98.5

IQ difference -3.0 P<.01 -.22

No Regular 
Use

750 101.5

Regular Use 124 97.9

IQ Difference -3.6 P<.025 -.26



Similarities Subtest IQ in Marijuana User Groups: RFAB



Performance IQ in Marijuana User Groups



Vocabulary Score Results



Vocabulary 
IQ

Change in IQ from Age 11 to age 18 for MCTFR 
Marijuana Users and Non-Users (N=2,277)



Age 11-18 Change in IQ: Abstinent vs. Heavy 
Using Discordant MTFS Twin Pairs



Vocabulary 
IQ

MTFS MZ Twins Discordant for Marijuana Use
Change in IQ from Age 11 to age 18 (N=112 discordant pairs)



Heavy & Daily Users Not More Likely to Have IQ Deficit



Jackson et al. 2016

• Key results:
– Use was associated with lower IQ at follow-up, but only 

for vocabulary and information (crystalized) subtests 
• Results held after adjusting for age, sex, race, zygosity, SES
• Meier et al. 2012 subtest analysis showed significant results for 

vocabulary and information, but not for block design and 
picture arrangement

– Use was associated with IQ deficit at follow-up (~4-6 
points) for these subtests

– Heavier use was not associated with a greater drop in IQ
– Low crystallized IQ (~2 points) preceded use in MTFS 

sample (similar effect seen for block design)
– CTC interaction effects were nonsignificant, thus failing to 

confirm that the using twin showed a steeper rate of IQ 
decline than the nonusing twin



Novel Features
• Largest prospective sample study to date
• First prospective twin study providing opportunity to 

evaluate causal effects
• Included replication sample & ethnic diversity
Conclusions
• Like Meier et al. 2012, found adolescent use associated 

with low IQ and decline in IQ
• Familial liability, not marijuana use, accounts for IQ decline
• Specific mechanisms not identified, but derive from risk 

factors the twins had in common that would be expected to 
lower the IQs of both, e.g.,  low educational opportunity, 
increased truancy, decreased parental monitoring

Take Away Message from Jackson et al. 2016 



• Adolescents who misuse marijuana have diminished 
cognitive ability

• Low IQ of adolescent marijuana users precedes use
• Adolescent marijuana use does not appear to cause 

IQ decline during adolescence
• Unidentified familial factors are likely responsible for 

the association between marijuana use and low IQ
• Possible causal effects of continued, long-term use, 

and effects on different brain measures remain to be 
evaluated

• ABCD project, with its twin sample embedded in its 
longitudinal design, is uniquely poised to further our 
understanding of causes and consequences of 
adolescent marijuana use

Overall Conclusions 



MCTFR funding provided by NIDA, NIAAA, NIMH, & NCI

Thank You MCTFR Staff!



Thanks for your attention!

ABCD Council of Investigators



Questions? 

• Monica Luciana (lucia003@umn.edu)

• Bill Iacono (wiacono@umn.edu)

mailto:lucia003@umn.edu
mailto:wiacono@umn.edu

