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Poll: How much 
experience do 

you have 
working with 
blood-based 
biomarkers 

related to 
traumatic brain 

injury?

a) I am currently working with blood-
based biomarkers related to brain injury.

b) I am planning on including blood-
based biomarkers in my research.

c) I work with patients with brain injury.

d) I am interested in the topic but do not
have directly related experience.



Translational 
Research Center for 

TBI & Stress 
Disorders (TRACTS)

• Ongoing comprehensive assessment of post-9/11 
Veterans.

• 2009 – present
• 2 sites: Boston & Houston (combined n = 

850)
• Longitudinal: Baseline, ~1-year (n = 322) and 

5-year follow-ups (n = 89)

• Extensive longitudinal cohort study focused on 
the impact of traumatic brain injury (TBI) and 
common clinical comorbidities that impact 
functional outcomes.

• Clinical Interviews
• Medical/biological evaluation
• Neuropsychological Assessments
• Structural and Functional Brain Imaging
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TRACTS Core Assessment at Baseline, 1-year, and 5-year Visits.



How we measure TBI Severity 



TRACTS Cohort
n = 636

23 men and 3 
woman excluded

No history of moderate to severe TBI
n = 610

No cognitive, psychological, or 
neurological flags

n = 601

8 men and 1 woman 
excludedEx

cl
us

io
ns



Mechanisms of Traumatic Brain Injury
No mTBI (n = 183) Blunt mTBI n = 245

Blast mTBI n = 173 Military mTBI n = 279 



Proximity to Blast 

11 - 250 - 10

No Blast exposure
(n = 128)

26 - 100

n = 181n = 338n = 264

Total exposed to any blast n = 473



Demographic Characteristics 
Ages ranges from 19-64 (M = 33.40, SD = 9.01)
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TRACTS 
Biomarker 
Innovation 

• Large well-characterized longitudinal sample of Veteran 
men and women.

• Extensive panel of blood-based biomarkers related to brain 
injury.

• Innovative Quanterix Simoa assay technology.

• Extensive brain imaging data.
• Extensive medical/biological data.



TRACTS Biomarkers Markers 
Biomarker Type Function

Tumor Necrosis Factor α (TNFα) Cytokine Pro-inflammatory  

Interleukin 6 (IL-6) Cytokine Pro-inflammatory 

Interleukin 10 (IL-10) Cytokine Anti-inflammatory 

Eotaxin Chemokine Coordination of inflammatory cells and allergic inflammation 

Brain Derived Neurotrophic Factor (BDNF) Neurotrophin Neuroprotective 

Amyloid ß 40 (Aß40) Peptide Component of amyloid plaques related to neurodegenerative diseases 

Amyloid ß 42 (Aß42) Peptide Component of amyloid plaques related to neurodegenerative diseases 

Total Tau & p-Tau181 Protein Marker of microtubule damage

Neuron Specific Enolase (NSE) Enzyme Marker of axonal damage

Neurofilament Light (NfL) Protein Marker of axonal damage

Phosphorylated Neurofilament Heavy (pNF Heavy) Protein Marker of axonal and dendritic damage and degeneration

Glial Fibrillary Acidic Protein (GFAP) Protein Marker of astrocyte damage





Study Aims

Examine blood-based biomarkers related to brain 
injury and chronic TBI and blast exposure in a poly-
morbid population of post-9/11 Veterans.

Understand relationships between markers of 
brain injury and deployment-related comorbidities.



Mechanism of Mild Traumatic Brain Injury

Analyses of covariance (ANCOVA) 
controlling for age

Exclusions

• Cognitive, neuropsychological, psychiatric
flags; moderate-severe TBI

• Coefficient of variation (CV) above 20%

Groups examined

• mTBI mechanism of injury
• No history of mTBI (n = 183)
• Blunt mTBI (n = 224)
• Blast mTBI (n = 173)

No mTBI

Blunt mTBI

Blast mTBI





Glial Fibrillary Acidic Protein (GFAP)

• Released by Astrocytes
• Reactive Astrogliosis

• Brain damage & neurodegenerative diseases
• Stress & inflammation.

• Upregulation of GFAP
• hallmark of reactive astrogliosis
• Restores homeostasis after injury/stress/etc.

• limits tissue damage too
• If chronic, leads to negative outcomes

• Can lead to scarring
• Disruptions in neural communication

• involved in long term potentiation (LTP)
• involved in disruptions to neuronal signaling in mice models of 

Alzheimer’s Disease

Hol & Penky (2015)







Inflammatory Response to Trauma

• Cytokines modulate 
inflammation in response to a 
stressor like trauma and 
pathogens.

• Coordination of immune 
response.

• Regulate cell growth, 
proliferation, and 
differentiation.

• Chronic inflammation can 
lead to neural 
degeneration.



Trend in higher 
IL6 in individuals 
with Blast-
Related mTBI 
compared to no 
mTBI.



Proximity to Blast 

Analyses of covariance (ANCOVA) 
controlling for age

Exclusions

• Cognitive, neuropsychological,
psychiatric flags; moderate-severe TBI

• Coefficient of variation (CV) above 20%

Groups examined

• Blast proximity
• No history blast exposure (n = 128)
• Blasts between 0-10 meters (n = 234)

0-10 No blast















Relationships with Psychological Variables





Conclusions

• Blast, particularly close blast, is associated with chronic 
alterations in inflammation and glial degeneration.

• Chronic decreases in GFAP, maybe indicating a 
downregulation of astrocyte function, is associated 
with blast-related TBI and close blast.

• Increased systemic inflammation was associated with 
close blast, indicating that close blast exposure may 
lead to Chronic elevations in multiple markers of 
inflammation.

• Inflammatory markers and GFAP were associated with 
psychological and health comorbidities.

• Increased inflammation and decreased GFAP was 
associated with higher levels of severity in several 
psychological disorders and metabolic variables.





Study Aims

Inflammation is observed in a wide variety of physiological and psychological 
conditions. 

Given that post-9/11 veterans have a high rate of comorbidities, particularly in 
our sample, they might be vulnerable to the negative long-term effects of 
inflammation.

We examined if mTBI or blast exposure moderated the relationships between 
inflammation and psychological and physical health symptoms.



Transdiagnostic Factors Associated with 
Deployment Trauma

Previous research from TRACTS utilized factor analysis to create empirically 
derived clinical components consisting of psychological disorders and mTBI 
(Lippa et al., 2015; Amick et al., 2018; Esterman et al., 2019).

We sought to expand upon this previous research by including metabolic 
health symptoms.

We conducted a confirmatory factor analysis to examine model strength 
using factors of Traumatic Stress, Affective, Somatic, and Metabolic 
symptoms.



Transdiagnostic 
Symptom Latent 

Model
• Good model fit

• CFI = 0.96, TLI = 0.95, 
SRMR = 0.04, RMSEA = 
0.52

• Each latent variable was 
associated with 
indicator variables p < 
.001

• Standardized betas 
ranged from -.471 to 
.937 



• There were main effects observed 
for Traumatic Stress, Affective, 
Somatic, and Metabolic.

• mTBI did not moderate the 
relationship between the 
transdiagnostic factors and 
inflammation.

• Blast moderated the relationship 
between Metabolic factor and 
inflammation.



Metabolic Symptom Severity by Blast 
and Mechanism of Injury



Conclusions

• The strongest relationship with 
inflammation was among those 
exposed to blast and had metabolic 
dysregulation.

• Blast exposure was associated with 
metabolic dysregulation in a dose 
response manner.

• This provides a greater understanding 
of the health pathways that link blast 
injury to systemic inflammation.
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