
EARLY BRAIN 
DEVELOPMENT INITIATIVE

Mapping Interaction of Social Determinants of Mental Health onto Adolescent Brain
Keiko Kunitoki1,2, Erin C. Dunn1,3, Alysa E. Doyle1,4, Joshua L. Roffman1,2

1Department of Psychiatry, 2Athinoula A. Martinos Center for Biomedical Imaging, 
3Psychiatric and Neurodevelopmental Genetics Unit, Center for Genomic Medicine, 4Center for Human Genetics, MGH

Adverse social determinants of Mental health (SDoMH) can 

substantially increase risk of mental health disorders, and such 

exposures in childhood can propagate and shape mental health 

risks over the lifespan. SDoMH that exert positive effects on 

child mental health have been less well studied, and if identified 

could catalyze development of protective, promotive, and 

preferential interventions we are proposing.
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Conclusion

Purpose

Methods

Limitation

ADHD all <-
PRS
+age, sex, site

A) Conditional-Positive (Protective) factors: 

decrease the probability of suffering mental health 

problems mainly in high-risk population

B) Promotive factors: actively enhance positive 

psychological well-being for entire population

Here, we propose the third factor:

C) Conditional-Negative factors: decrease the 

probability of suffering mental health problems 

mainly in low-risk population

Hypothesis 1 Different pattern of the effect of favorable factors against 

unfavorable factors on adolescent psychopathology: CP, promotive,

and CN (proof of concept).

Hypothesis 2. Effects of SDoMH are mediated by brain morphology.
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- Cross-sectional data from baseline visits in the Adolescent Brain 

Cognitive Development (ABCD) Study

Assessment

Outcome: Child Behavior Checklist (CBCL)

Parent-report dimensional Psychopathology scale

Environmental factors 

Lifetime exposure reported by youth and primary 

caregiver were selected from the ABCD questionnaire

Structural MRI

3D T1-weighted image, processed with FreeSurfer7.0.

Images passed manual quality control were used

Statistical analysis

1. Multi-level regression analyses were used to see 

the association between each factor and CBCL 

total score, covarying age, sex, parental education 

(fixed effect), family ID, site ID (random effect). 

Factors with FDR p<0.05 and total response 

N>1,000 were selected.

2. Exploratory Factor Analysis was used to make 

clusters of negative factors.

ABCD study SDoMH scales
(Y: youth, P: parents), #items

1. Psychopathology <- Brain
CBCL external

Traumatic Event
Family History
Poverty
Substance accessibility
Family in trouble
Screen time (social 
media)
Screen time (TV)
Birth complications
Stressful life event
Seizure/convulsion
Maternal Oxycontin
Medical History
Prescription Medication

Ethnic identity
Caregivers’ attitude
Neighborhood safety
School
Parenting
International family
Twin
Healthy diet
Religious service

Poverty items

Screen time items

Neighborhood safety items

Parenting items

Association with 
cortical volume

(N=4,560)
Mediation of R middle temporal 

volume on CBCL external

Couldn't afford food, 
phone, rent, gas, 
electricity, medical care,
dental care,
Evicted from home by 
not paying

TV show, Movie, Mature-
rated games, videos, 
YouTube, Video 
games:Wweekday
Videos, YouTube, Video 
games: Weekend

Household income
Feel safe walking
Nno violence
Safe from crime

Planned pregnancy
Prenatal vitamin
Household income
Biological mother's age
Biological father's age
Length of breastfeeding

2. Brain <- Environmental clusters

Poverty Estimate p

Mediation 0.03 0.026

Direct effect 1.97 <0.0001

Total effect 2.00 <0.0001

Screen time Estimate p

Mediation 0.010 0.012

Direct effect 0.364 <0.0001

Total effect 0.374 <0.0001

Neighbor Estimate p

Mediation -0.03 0.012

Direct effect -1.27 <0.0001

Total effect -1.30 <0.0001

Parenting Estimate p

Mediation -0.03 0.012

Direct effect -0.99 <0.0001

Total effect -1.02 <0.0001

Favorable clusters

Unfavorable clusters

Parenting

R middle temporal volume

CBCL external
Direct: -0.99, p<0.0001

Mediating effect: -0.03 p=0.0123. Mediation

A) Conditional-Positive

(Protective)

B) Promotive

C) Conditional-Negative

A

C

Association with   CBCL total
FDR p<0.05

0.0001

0.000005

0.0001

0.000005

P-value
Association

-

+

Total: -1.02, p<0.0001

Favorable and Unfavorable interaction 
on CBCL total, FDR p<0.05

13
Unfavorable

Clusters

9
Favorable
Clusters

135
Unfavorable

factors

94
Favorable

factors
Unrelated

487
Environmental 

factors  
from 

ABCD study

11,875 participants
Age 9-10 y.o.
Across 22 US cites 

Exploratory factor analysis

Significance

• The effect of favorable environmental exposures on 

psychopathology depends in part on the presence or absence of 

unfavorable exposures.

• Favorable and unfavorable exposures associate with variance in 

brain structure that mediates psychopathology.

Implications

• The effectiveness of resiliency-related interventions may vary 

among individuals based on differences in adverse experiences. 

This indicated the needs of personalized intervention. 

• Longitudinal analyses within ABCD will examine the interplay of 

favorable and adverse exposures on brain development. 

Results

C

A

3. Multi-level regression analyses with the same covariates were used to test the 

interaction between favorable and unfavorable clusters. Covariates: Age, sex, 

parental education (fixed) family ID, site ID (random).

4. Multi-level regression analysis were used to test the association between 

CBCL external, favorable, and unfavorable clusters and ROI volumes. Age, 

sex, intracranial volume, QC rating (MQC), surface hole number (SHN) (fixed 

effect) and family ID, site ID, and scanner (random) were used as covariates.

5. Mediating effect of ROIs on SDoMH and CBCL external were tested covarying 

age, sex, intracranial volume, MQC, SHN(fixed effect) and site ID (random).

Cross-sectional study: cannot confirm causality.

Though we adjusted SES (education), the results could be confounded 

by other SES, exposures, or genetics..

• From 487 environmental factors, 135 

unfavorable and 94 favorable SDoMH

clustered into 13 and 9 groups, 

respectively. 

• We observed CP interactions of 

parenting with medical history or 

prescription medication and CN

interaction of positive caregiver 

attitudes with seizure history. 

• The rest of the combinations were 

labeled as promotive.

• Right precentral and middle temporal 

gyrus volumes inversely associated 

with CBCL externalizing symptoms. 

• The same volumes associated 

directly with unfavorable clusters 

(poverty, screen time), and inversely 

with favorable clusters (neighborhood 

safety, parenting)

• These ROIs mediated effects of 

favorable and unfavorable clusters on 

CBCL externalizing symptoms.
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