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Trauma…

Criterion A Traumatic event:

Actual/Threatened Death, Serious Injury, or Sexual Violence:

1) Direct exposure
2) Witnessed event (in person)
3) Learning of trauma to close family member or friend
4) Repeated/extreme exposure to aversive details of the event



Trauma…

PTSD
…is highly prevalent … can be highly deleterious … can be costly



Neural circuitry of threat learning



Animal models Human neuroscience Psychiatric Relevance 

Gafford & Ressler, 2016; Goodman et al., 2021; Jovanovic et al., 2011; Stevens et al., 2013 

Neural circuitry of threat learning
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Neuroimaging in the early aftermath of trauma



Traumatic stress disrupts threat learning



Traumatic stress disrupts threat learning

Trauma can lead to altered understanding of safety, potentially driven 
by disengagement of top-down emotional control regions



McLaughlin et al., 2014; Stevens et al., 2017

Threat neurobiology predicts future PTSD symptoms



Threat neurobiology predicts future PTSD symptoms

Functional connectivity: Correlation in brain activity over time



Threat neurobiology predicts future PTSD symptoms

Structural connectivity: Strength of white matter connections



Threat neurobiology predicts future PTSD symptoms

Structural connectivity: Strength of white matter connections

Dysregulation of functional and structural connectivity is associated 
with greater PTSD symptoms in the future



Altered PFC-hippocampal-amygdala connectivity is 
associated with PTSD symptom development

Threat neurocircuitry and PTSD

1) Traumatic stress has 
observable impacts on threat 
learning and associated 
neurocircuitry function

2) Traumatic stress does not acutely 
affect structure, but threat 
neurocircuitry structure is tied to 
development of PTSD symptoms

3) Functional interactions between 
threat neurocircuitry in the early 
aftermath of trauma contribute to 
PTSD symptom development



Altered PFC-hippocampal-amygdala connectivity is 
associated with PTSD symptom development

Threat neurocircuitry and PTSD

1) Traumatic stress has 
observable impacts on threat 
learning and associated 
neurocircuitry function

2) Traumatic stress does not acutely 
affect structure, but threat 
neurocircuitry structure is tied to 
development of PTSD symptoms

3) Functional interactions between 
threat neurocircuitry in the early 
aftermath of trauma contribute to 
PTSD symptom development

Threat neurocircuitry appears to be a major contributor to the 
development of PTSD and predicts future symptoms.



ACEs can include:
-Abuse/neglect
-Witnessing community 
violence
-Lack of resources
-Growing up around 
substance abuse

Early life trauma affects later life trauma



Childhood maltreatment and PTSD susceptibility

Wong et al., In Press, Molecular Psychiatry



Wong et al., In Press, Molecular Psychiatry

Childhood trauma modifies neural circuits that carry sensory information to 
contribute to future PTSD susceptibility

Childhood maltreatment and PTSD susceptibility



Prior sexual trauma and PTSD susceptibility

Rowland et al., In Press,
BP:GOS



Prior sexual trauma and PTSD susceptibility

Rowland et al., In Press,
BP:GOSHighly adverse pretraumatic events heighten later symptoms and modify functional 

connectivity of threat and sensory regions.



Context shapes responses to trauma

Area Deprivation Index
(Kind & Buckingham, 2018, NEJM)

National Vegetation Index

Neighborhood disadvantage Residential Greenspace



Function White matter Gray matter

Webb et al., In Press, JAMA Network Open

Context shapes responses to trauma



Webb et al., Under Review

Context shapes responses to trauma



Webb et al., Under Review

Context shapes responses to trauma

The wider context of development has observable impacts on how the brain 
responds to traumatic stress.



Early exposures are highly racialized



Early exposures are highly racialized



Structural inequities and the brain (child)

Demographics:
¨ Parent reported race and SAAB

¤ Black/White, Male/Female

Experiences and context:
¨ Family conflict
¨ Family hardship
¨ Trauma load
¨ Family income
¨ Parent education
¨ Parent employment
¨ Neighborhood disadvantage

Neuroimaging:
¨ Gray matter volume

Dumornay et 
al., 2023, 
American 
Journal of 
Psychiatry



Compared to White children, Black 
children in the ABCD study:

¨ Have caregivers with less education
¨ Have more unemployed parents
¨ Have lower family income
¨ Come from more disadvantaged neighborhoods
¨ Experience more family conflict
¨ Experience more financial hardship
¨ Have greater endorsement of traumatic events

Dumornay et 
al., 2023, 
American 
Journal of 
Psychiatry

Structural inequities and the brain (child)
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Dumornay et 
al., 2023, 
American 
Journal of 
Psychiatry

Structural inequities and the brain (child)



Dumornay et 
al., 2023, 
American 
Journal of 
Psychiatry

Structural inequities and the brain (child)



Dumornay et 
al., 2023, 
American 
Journal of 
Psychiatry

Structural inequities and the brain (child)

Disparities in development and experience drive the appearance of 
differences in brain structure



Black WhiteHarnett et al., 2019, NeuroImage

• 198 Young Adults from Birmingham, Alabama
• 143 Black-American (BA)
• 55 White-American (WA)
• Prior data collected on violence exposure, family 

income levels, and neighborhood disadvantage

Structural inequities and the brain (adult)



Harnett et al., 2019, NeuroImage
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Structural inequities and the brain (adult)



Harnett et al., 2019, NeuroImage
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Structural inequities and the brain (adult)



Harnett et al., 2019, NeuroImage
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Structural inequities and the brain (adult)



	

	

Supplemental	 Figure	 1.	 Schematic	 Representation	 of	 Affective	
Number	Stroop.	A)	number	 congruent,	B)	number	 incongruent	and	
C)	view	only	trials.	

Racial discrimination and threat circuitry

Fani et al., 2021; Fani et al., 2022; Okeke et al., 2022



Racial discrimination and threat circuitry

Fani et al., 2021; Fani et al., 2022; Okeke et al., 2022



Racial discrimination and threat circuitry

Even though individuals performed better, the greater 
exposure to racism worsened brain structure and 

contributed to more health problems.

Fani et al., 2021; Fani et al., 2022; Okeke et al., 2022



Racial discrimination and threat circuitry

Even though individuals performed better, the greater 
exposure to racism worsened brain structure and 

contributed to more health problems.

Fani et al., 2021; Fani et al., 2022; Okeke et al., 2022

Individuals develop adaptive brain coping mechanisms to deal with stress, but 
these can have a major cost and contribute to downstream health problems



Racial inequity affects brain-based biomarkers

Harnett et al., 2023, Molecular Psychiatry



Racial inequity affects brain-based biomarkers

Harnett et al., 2023, Molecular Psychiatry



Racial inequity affects brain-based biomarkers

Harnett et al., 2023, Molecular Psychiatry

Racial inequity undermines our ability to find 
generalizable, actionable neural signatures of PTSD



Sensory circuitry and PTSD susceptibility

Sydnor et al., 2021; Rosen et al., 2021 Pessoa & Adolphs, 2010; Kravitz et al., 2013



Affective visual circuitry and PTSD susceptibility

Harnett et al., 2022, Trans. Psych.

Ventral visual stream analog is reliably associated with PTSD symptoms in the early 
aftermath of trauma, and the change in symptoms, in two separate datasets.



Harnett et al., 2022, Trans. Psych.

Affective visual circuitry and PTSD susceptibility



Harnett et al., 2022, Trans. Psych.

Affective visual circuitry and PTSD susceptibility

PTSD susceptibility is reliably and robustly associated with 
function and structure of sensory/threat circuitry



Affective visual circuitry and PTSD susceptibility

Ongoing research using a visual stimulation procedure (flickering checkerboard, 
on/off) to index neural reactivity to non-affective visual stimuli

Primary visual cortex

Harnett et al., In Progress

RightLeft



Primary visual cortex

Dorsomedial PFC

Affective visual circuitry and PTSD susceptibility

Recent trauma survivors show greater deactivation once the stimulation ends, and are 
showing altered patterns within the dorsomedial PFC reflecting earlier affective studies

Harnett et al., In Progress



Summary



What does this mean for MRI-markers of PTSD?

• Neuroimaging in early aftermath of trauma may provide important 
information about neurobiology related to the development of 
posttraumatic dysfunction.

• We need to consider prior life events that may shape our brains in the 
early aftermath of a later trauma.

• Particularly important we begin to think about how race-related disparities may 
impact our predictive models if we want to develop generalizable markers of 
PTSD.



What does this mean for MRI-markers of PTSD?

Core threat circuitry is integral to 
understanding expression and maintenance of 
PTSD symptoms from acute to long-term 
phases.

Structural covariance of the ventral visual 
stream is a cross-modality marker of early 
PTSD symptom development and prognosis.

New work is needed to better understand the 
interaction across neural circuits related to the 
pathophysiology of PTSD.
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