
4/16/25

1

Traumatic Brain Injury and Risk of 
Incident Dementia: Forensic 

Applications of Current Research
§ Matthew Clem, PhD 
§ Christian LoBue, PhD
§ Jeff Schaffert, PhD

§ C. Munro Cullum, PhD, ABPP

1

Overview

• Forensic Methods Used to Assess TBI
• Scientific Challenges in Studying TBI & Dementia
• Current Evidence

• Moderate-Severe TBI
• Mild TBI

• Chronic Traumatic Encephalopathy
• Forensic Applications 
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Learning Objectives

• List key differences between clinical and forensic methods when 
evaluating for the presence and severity of TBI

• Explain scientific challenges associated with examining the relationship 
between TBI and dementia

• Analyze the literature and summarize ultimate findings regarding the 
relationship between TBI and dementia

• Define CTE and its relevance to forensic neuropsychology
• Describe the limitations in applying clinical research on TBI and dementia 

to forensic contexts
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Special Issue on Forensic Neuropsychology
Archives of Clinical Neuropsychology
• Foundational Elements of Practice (Clem & Schroeder)
• Lessons Learned During Decades of Practice (Sweet)
• Retainer Bias (Goldstein & Morgan)
• Expert Witness Testimony (Hebben & Leritz)
• Validity Assessment Beliefs and Practices (Martin, Schroeder, & Odland)
• Validation of MMPI-3 Validity Scale Findings (Holmes, Whitman, Gervais, & Yossef Ben-

Porath)
• Constitutional and Judicial Foundations CST (Denney)
• Foundations in CST Evaluations (Tussey, Lacritz, Arredondo, & Marcopulos)
• Critical Review of mTBI Studies Claiming Long-Term Impairments (Boone, Vane, &  

Victor)
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Legal Stakeholders Interested in TBI & Dementia

• Neuropsychologists frequently asked to opine on probability of dementia 
after alleged TBI

• Long-term care needs-focal point in civil litigation
• Significant $ involved in assisted living/memory care facility

• Criminal sentencing, placement, prospect of neurocognitive decline in the 
future

• Challenging for Courts to address
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Assessment Methods for Forensic Evaluations

• Neuropsychological investigation – record review, collateral, examination

• Detailed analysis of injury severity factors necessary to determine 
presence and severity of TBI

• Clinical evaluations often based on limited information

• Forensic opinions usually require more extensive methods
• Causation, damages, long-term care needs, etc. 
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Records that Might Assist with TBI Diagnosis

Records

• Police reports • Documented witness statements

• First responder records (FD, EMS) • Medical transport services (e.g., ambulance, 
helicopter)

• Records from an acute hospitalization or 
subsequent medical facilities/clinics

• Deposition transcripts from treating medical 
providers

• Accounts of the event from the individual 
(e.g., deposition, other expert 
reports/deposition testimony, incident 
reports, employer interviews)
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Other Media that Might Assist with TBI Diagnosis
Other Media

• Video recordings of the incident (e.g., 
security camera footage)

• Video recordings of the individual 
immediately following an incident (e.g., via 
police body-worn camera)

• Audio recordings of the individual (e.g., 911 
call, reporting the incident on an emergency 
hotline)

• Communication records (e.g., call logs, text 
messages) of the individual corresponding 
with others post-incident 

• Social media records (e.g., individual’s 
account of the incident, samples of an 
individual’s language abilities, novel aspects 
of an individual’s post-incident 
neurobehavioral functioning)

• Video of an individual’s deposition testimony

• Surveillance video/photos of the individual’s 
daily functioning post-injury (less common)
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Injury Severity Factors in Forensic Cases

• LOC: observed by reliable witnesses vs. unobserved and reported 
months/years later; difficulty distinguishing LOC from PTA

• AMS: reported/observed behavior following an incident; differentiating 
between AMS and psychological responses

• PTA: many potential factors contaminating recall, often no objective data

• Imaging: full reports, images; consider neuroradiology consultation
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Mild TBI Diagnostic Guidelines

• ACRM (1993) – Any LOC, PTA, AMS, focal neuro deficits

• WHO – confusion/disorientation

• Mayo Clinic – skull fracture

• DSM-5-TR & VA/DoD – GCS 13-15

• ACRM (2023) – “suspected” mTBI
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Scientific Challenges with Examining TBI & Dementia

• Pathogenesis of some dementias begins 20y before symptoms emerge
• Difficult to study subjects long enough to understand a link
• Studies well-characterizing TBI mostly limited to outcomes 1-5y after TBI
• Longitudinal studies focused on aging often rely on self-reported TBI hx

• Often lacking info re: injury severity, recovery timeline, symptom profile, number of injuries

• Large health record databases (lifetime) rely on Dx codes so TBI 
classifications unstandardized, dementia etiology often unspecified

• Meta-analyses are not a primary source due to significant differences in 
study methodologies
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The Big Picture

Mehta et al. Neurology:1999

Plassman et al. Neurology:2000
Maher et al. Neurology:2002

Rosso et al. JNNP:2003
Mielke et al. J Alzheimers Dis:2022
Barnes et al. Brain Injury:2022

Nordstrom et al. PLos Med:2018  

Fann et al. Lancet Psyc: 2018
Barnes et al. Neurology:2014

Kalkonde et al. Alzheimers Dement:2012
Boot et al. Neurology:2013
Barnes et al. JAMA Neurol:2018

Yashkin et al. J Head Traum Rehab:2023

Lee et al. PLos One:2013
Deutsch et al. Demen Ger Disord:2015

Gardner et al. Ann Neurol:2015
Gardner et al. Neurology:2018
Dams-O'Connor et al. JNNP:2013
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Deciphering Risk-related Estimates 
Is Not Straightforward

“Risk” is often characterized by two statistical estimates:

• Hazard Ratio – Probability of an event

• Odds Ratio – Odds of an event

Challenging to grasp, even when explained very well
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• Multigenerational population-based study

• Original cohort studied from 1948-2014

• Offspring cohort studied from 1971-2014

• ~10,000 participants, ranging in age from 10-70 years

• Long-term collection of medical history and exam results

• Risk for developing dementia related to mod/sev TBI

An Application With 
Recent Results
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Common interpretations in scientific literature:

• Risk for dementia was 2.67 x higher

• Risk for dementia was 167% higher

Difficult to Explain to Individuals Lacking 
Statistical Knowledge 
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Potential misinterpretations: 

• TBI has a high chance of leading to dementia 

• The study can predict an individual case

Risk for Misinterpretation by Individuals 
Lacking Statistical Knowledge 

16

• A study’s “significant risk estimate” does not depict clinical relevance

• The identified risk estimate does not apply to all individuals

• Dementia prevalence is 2-14% in the literature for persons with prior TBI
• Involves ANY type of dementia, where direct deficits from injury could be classified

• 85-95% of persons after ANY TBI are not found to develop dementia

Wasserstein & Lazar. Am Stat:2016 Kornblith et al. Brain Inj:2022
LoBue et al. JAD:2019   Mielke et al. JAD:2022

Statistical Associations Without Context 
Provides Limited Information
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Evaluating Dementia Incidence Rates to 
Interpret Clinical Link of Research Results 

18
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Synthesizing Selected Studies 
to Know for the Forensic Setting

19

Alzheimer’s Dementia

20

Plassman et al. Neurology:2000 

21
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Plassman et al. Neurology:2000 

Cannot 
Estimate prevalence

22

Fann et al. Lancet Psych:2018 

Risk highest after injury and rapidly 
decreases, but remains higher to 14+ yrs
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Fann et al. Lancet Psych:2018 

TBI-induced Dementia?
Reverse causation?
Unmasking?

24
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Fann et al. Lancet Psych:2018 

Later outcomes are the primary interest 
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Fann et al. Lancet Psych:2018 

17-32% higher risk, adjusting for 
sociodemographics, medical 
conditions, and others
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Fann et al. Lancet Psych:2018 

27
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Fann et al. Lancet Psych:2018 

Statistically higher risk, but 
questionable clinical relevance!
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Does age at injury matter?

29

Yashkin et al. J Head Traum Rehab:2023 

58% higher risk, adjusting for 
sociodemographics & medical 
conditions
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Yashkin et al. J Head Traum Rehab:2023 

31

Suggests a narrow window for a higher risk

CAUTION: Possible selection bias from survival of 
injury or comorbidities during late age 

32

Yashkin et al. J Head Traum Rehab:2023 
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Yashkin et al. J Head Traum Rehab:2023 

Statistically higher risk, but 
again ? of clinical relevance!

34

Mielke et al. JAD:2022 

35

Mielke et al. JAD:2022 

CAUTION: small sev TBI sample 
could explain nonsignificant result

n = 103 with sev TBI

n = 1418 with TBI
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What about other disorder types?

37

Developing a neurodegenerative disorder after 
mod/sev TBI is uncommon and the exception

Small subset shown to be at risk - < 5%

No models to apply to individual cases
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Could be one in the next year, but 
unknown sensitivity/specificity  

39
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What places some individuals at risk?

40

• Largest database on longitudinal outcomes in TBI

• Hospitalization then inpatient rehabilitation

• Mostly moderate-severe TBI

• Detailed records on injury features

TBI Model Systems Dataset
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Functional Independence 
Measure - Cognition

• Memory
• Problem-solving
• Comprehension
• Expression
• Social Interaction

Items scored:        1          7
            Total Dependence      Independent

LoBue et al. Arc Phys Med Rehab:2023

Functional 
Decline in 
Cognitive 

Skills

PTA Duration, 
GCS...

Intracranial 
Com plications

Alcohol Abuse

Repetitive 
Seizures

Hypertension, 
Diabetes, 

Obesity, Stroke

Social 
Determ inants 

of Health

81% stable or improved out to 20 years
11% declined

42
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LoBue et al. Arc Phys Med Rehab:2023

Functional 
Decline in 
Cognitive 

Skills

Timing of 
Injury, PTA Duration

Intracranial 
Complications

Alcohol Abuse

Repetitive Seizures

Hypertension, 
Diabetes, Obesity, 

Stroke

Social Determinants 
of Health
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Functional 
Decline in 
Cognitive 

Skills

Timing of 
Injury, PTA Duration

Intracranial 
Complications

Alcohol Abuse

Repetitive Seizures

Hypertension, 
Diabetes, Obesity, 

Stroke

Social Determinants 
of Health

Duration of PTA

30 Days: 14% greater odds
60 Days: 24% greater odds
90 Days: 47% greater odds

Sensitivity Analysis:

Prediction remains 
with a Depression 
Symptom Scale in 
models (PHQ-9)

LoBue et al. Arc Phys Med Rehab:2023
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Acute factors more so than lifelong health factors 
seem to drive the increased risk

Why?
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Possible Mechanisms

46

Not all, ~33% - 
unknown why 
some are at risk
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mTBI and dementia risk
• Review the diagnosis and general recovery of mTBI

• Review relevant epidemiological and meta-analytic 
evidence

• Discuss limitations in the literature base

• Discuss possible changes in course and onset of 
dementia in those with mTBI

• Conclusion re: what do we know about mTBI and 
dementia risk? 

48
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What is a concussion/mTBI?
• Biomechanical impact/force to the head that typically 

results in rapid onset of generally short-lived 
impairment of neurological function

• Mild TBI (mTBI) and concussion can be used 
interchangeably

• Sources of concussion can include sport, motor vehicle 
collision, or anything that causes enough impact to the 
head to result in transient neurological symptoms

• Symptoms may include loss of awareness, 
retrograde/anterograde amnesia, headache, nausea, 
sensitivity to light, sleep problems, depressed mood, 
and irritability (among others)
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Diagnosis
• Not a mod-severe TBI

• Various criterion 
utilized but 
commonalities include 
LOC, PTA, GCS, and 
imaging features

• More frequent than 
mod-sev TBI (80-90% 
of TBI are mild)

Clem, M. A., LoBue, C., Schaffert, J., & Cullum, C. M. (2025). Traumatic Brain Injury and Risk of Incident Dementia: Forensic 
Applications of Current Research. Archives of clinical neuropsychology : the official journal of the National Academy of 
Neuropsychologists, 40(2), 289–301. https://doi.org/10.1093/arclin/acae076
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Recovery
• Moderate to severe TBIs often result in permanent cognitive, emotional regulation deficits, and 

focal neurological deficits (weakness, tonicity, etc.)

• mTBI/concussions very often (> 80%) involve full recovery within ~1 month of injury

• Individuals who don’t recover can sometimes be classified as having “post-concussive 
syndrome” or “persistent post-concussive symptoms”

• More common in those with premorbid mental health diagnoses (depression/anxiety)

Iverson, G. L., Gardner, A. J., Terry, D. P., Ponsford, J. L., Sills, A. K., Broshek, D. K., & Solomon, G. S. (2017). Predictors of clinical 
recovery from concussion: a systematic review. British journal of sports medicine, 51(12), 941–948. 
https://doi.org/10.1136/bjsports-2017-097729
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Evidence that mTBI may increase risk

• Fann et al., 2018 

• Mielke et al., 2022

• Tolppanen et al., 2017

• Gardner et al., 2018

• Nordstrom & Nordstrom, 2018

• Schneider et al., 2021

• Gardner et al., 2014
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What types of dementia?

• All-cause dementia 
• Alzheimer’s Disease

• Parkinson’s disease (scant)

• None for FTD
• None for DLB 
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• Fann et al., 2018

• Total n > 2.8 million using public health data in Denmark

• HR for AD was 1.16 for those with mTBI 

• But….. Prevalence increased from 4.5% to 4.8% 

Evidence that mTBI may increase risk

54
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• Tolppanen et al., 2017

• Total n ~ 70,000 with mTBI and ~280,000 without using 
public health data in Finland

• HR for AD was 1.19 for those with mTBI 

• But….. Prevalence increased from 2.1% to 2.5% 

Evidence that mTBI may increase risk
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• Nordstrom & Nordstrom, 2018
• TBI Cohort: Included 164,334 individuals aged ≥50 with a TBI diagnosis
• Dementia Cohort: Consisted of 136,233 individuals diagnosed with dementia during the follow-up period 
• Sibling Cohort: Included 46,970 full sibling pairs discordant for TBI.

• Single mTBI: OR 1.63 (95% CI, 1.57–1.70)

• Did not report prevalence

Evidence that mTBI may increase risk
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• Mielke et al., 2022

• Olmsted county Minnesota 1:2 matched case study

• 1,418 residents had TBI per record review
• 865 possible, 450 probable, 103 definite

• HR was elevated for all cause dementia (1.29-1.42)
• But not for more severe (i.e., definite) (n=103)
• Not for any specific pathology
• Small samples?

• Non-TBI dementia frequency = 16.4%
• Any TBI dementia frequency = 20.7%

Evidence that mTBI may increase risk
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• Gardner et al. 2018

• VA records of 325,000 patients

• HRs of mild TBI increased PD risk = 1.56

• Non-TBI PD frequency = 0.31%
• mTBI PD frequency = 0.47%

….. 0.16% difference

Evidence that mTBI may increase risk
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• Schneider et al., 2021

• 14,376 participants in Atherosclerosis Risk in Communities (ARIC)

• mTBI HR 1.38
• TBI = 21.2% with dementia
• No TBI = 14.8% with dementia 

• Stronger study since there were multiple visits 

• Self-report TBI from hospitals/ED 

• Did not report numbers on mTBI

• Did not differ on dementia etiologies

Evidence that mTBI may increase risk
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• Gardner et al., 2014

• California state-wide health records n ~52,000

• mTBI only increased risk if sustained after age 65 (HR = 1.25)

Other factors that increase risk?
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Meta-analytic evidence
• Meta-analyses conclude that mTBI increases dementia risk

• Godbolt et al., 2014 meta-analysis (n=8 studies) found no association

• Perry et al., 2016, n=57 studies*, OR=1.57
• Also included NFL studies

• Snowden et al. 2020, n=21 studies with OR = 1.96
• Snowden also included individuals with unspecified LOC?

• Perry DC, Sturm VE, Peterson MJ, Pieper CF, Bullock T, Boeve BF, et al. (2016): Association of traumatic brain injury with 
subsequent neurological and psychiatric disease: a meta-analysis. J Neurosurg. 124:511–526.

• Snowden TM, Hinde AK, Reid HMO, Christie BR (2020): Does Mild Traumatic Brain Injury Increase the Risk for Dementia? A 
Systematic Review and Meta-Analysis. J Alzheimers Dis. 78:757–77

• Godbolt AK, Cancelliere C, Hincapie CA, Marras C, Boyle E, Kristman VL, et al. (2014): Systematic review of the risk of 
dementia and chronic cognitive impairment after mild traumatic brain injury: results of the International Collaboration on Mild 
Traumatic Brain Injury Prognosis. Arch Phys Med Rehabil. 95:S245–256
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Limitations in these epidemiological studies
• Reliance on hospital visits and ICD codes

• Recall bias

• Reverse causation

• Short follow-up periods (often cut-off is only a few years)

• Variable mTBI classification and diagnostic methods
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ICD codes and hospitalizations
• How reliable are ICD codes? 

• Sensitivity of 45.9%!

• Some studies code skull fracture as mTBI

• How many mTBIs are present that do NOT present to the hospital? 
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Course of neurodegenerative disease
• Cascades of neurodegeneration can occur decades 

prior to the onset of symptoms

• These epidemiological studies are not biologically 
confirmed

64

Course of 
neurodegenerative 
disease

• Cascades of neurodegeneration 
can occur decades prior to the 
onset of symptoms

• These epidemiological studies are 
not biologically confirmed

65

Neurodegenerative disease prior to TBI?
Nordstrom & Nordstrom, 2018   Fann et al., 2018
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Risk of falls and dementia?
• ADRD diagnoses in 10.6% of individuals who sustained a fall… within one year! 
• Compared to 6.1% with other admissions
• N = 2.45 million with Medicare data
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Other risk factors for dementia
• Education

• HTN

• Obesity

• Sedentary

• Smoking

• Sleep quality

• Nutrition

https://www.alz.org/professionals/health-systems-medical-professionals/risk-reduction

• Hearing loss

• Hyperlipidemia

• Depression

• Cognitive engagement

• Air pollution

• Social isolation

• ETOH use

• Substance use
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Quality of evidence as a whole?
• 68 studies reviewed between 2002 and 2018
• 25% did not operationalize TBI
• 62% self-reported TBI 
• 86% high risk of reverse causality
• 1 of 68 had “strong methodological rigor” – 

Plassman et al. 2000

• Overall, there is a growing literature base that 
mTBI may increase risk of dementia in the 
general population but the quality of evidence is 
weak
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Onset/course of decline?

• Average age of onset of dementia was 2.34 earlier for those with TBI in NACC

S ch affert, J ., L o B u e, C ., W h ite , C . L . III, C h ian g , H .-S ., D id eh b an i, N ., L acritz , L ., R o ssetti, H ., 
D iep p a, M ., H art, J ., J r., &  C u llu m , C . M . (2018). T rau m atic  b ra in  in ju ry  h is to ry  is  asso ciated  w ith  an  
earlier ag e o f d em en tia  o n set in  au to p sy-co n firm ed  A lzh eim er’s  d isease. N eu ro p sych o lo g y, 32(4), 
410–416. h ttp s://d o i.o rg /10 .1037/n eu 0000423
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Onset/course of decline?
• Examined age of TBI injury, TBI type, 

and other characteristics in 2,504 
individuals within NACC

• Mixed linear models across 5 visits 
examined course of 
neuropsychological functioning

• Included those with normal cognition, 
MCI and dementia

 

71
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Conclusions
• mTBI does appear to incur some risk of developing dementia

• Small increases in prevalence (<5% in most cases)

• Mechanism remains unclear

• TBI does not appear to accelerate neurocognitive decline 

• Limitations in literature are numerous

• Forecasting mTBI to subsequent dementia risk in forensic settings in an individual case with
 any scientific certainty remains an impossible task
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How do we get from concussion(s) to CTE?

Despite the accumulation of more cases, refinement of dx 
criteria and more histopathological studies, there remain 
many unanswered questions

• How common is it?
• Who’s at risk?
• Are there clinical correlates?
• What should we tell patients & parents?

74

Chronic Traumatic Encephalopathy in the News

75
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Forecasting mTBI to subsequent dementia (or CTE) risk in forensic settings in 
an individual case with any scientific certainty remains an impossible task

76

• CTE is a pathological condition of the brain (NOT a clinical diagnosis)
• Should be referred to CTE-Neuropathological Change (CTE-NC)

• Characterized by irregular phosphorylated tau in depths of cortical sulci & 
around blood vessels

• Many questions remain…

77

CTE History

78



4/16/25

27

CTE
• Appears to be a tauopathy, thought to be associated with repetitive 

head injury exposure

• Tau accumulation is found in other conditions

• CTE pathology usually accompanied by other neuropathological 
changes as well, and co-exists with AD in many brains

• CTE has been reported in cases without known history of brain injury

• Can be defined by trace amounts in early stages
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CTE Questions and Debate

• Incidence & prevalence are unknown

• Whether condition is progressive is unclear

• Unknown contributing risk or protective factors

• Extent to which neuropathology is associated with clinical 
symptoms remains a question
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Are there symptoms related to CTE? 

Traumatic Encephalopathy Syndrome (TES) proposed research criteria

81• 50+ clinical features originally proposed (Montinegro et al., 2014)
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Schaffert, Didehbani, LoBue, Hart, Rossetti, Lacritz & Cullum  (2021), Front. Neurol.

• It’s EASY to have at least two of these sxs because they are common

• Applying TES criteria to psychiatric samples (Iverson and Gardner, 2020)
• 65% of men (n=206) with intermittent explosive disorder met at least 2 criteria 
• 83% of a depressed sample

• Schaffert et al. (2021)
• N=85 retired professional athletes
• 57% met research criteria for TES
• 71% of retirees were cognitively normal
• Only depression symptoms predicted TES diagnosis
• No association between head-injury exposure and TES diagnosis

04

Problems with TES research criteria?

82

Call for cautious interpretation in linking pathology with symptoms

83

CTE and Clinical Correlates?

• CTE pathology was rare in a multicenter national dementia dataset (6/339)
• CTE accompanied by AD and TDP-43 pathologies

Compared with 25 matched AD cases
• CTE Ss showed similar clinical and neuropsychological presentations

LoBue, Schaffert, Cullum, Peters, Didehbani, Hart & White
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Perceived CTE can be dangerous

• 1/3 of former American footballers reported perceived CTE
• Those had higher suicidal ideation and more reported more health/psych problems

• Suicidal ideation in 25% of perceived CTE vs 5% without
• 12.5% of CTE group had been told they have it vs 0.5% without

• Perceived CTE may be a risk for suicidal ideation
• Merits assessment and treatment of conditions that may be misattributed to CTE

Associations with:
Subjective cognitive problems
Low testosterone
Headache
Concussion sxs during career
Depressive/emotional sxs
Pain
Younger Age

85

CTE Summary

• CTE is a brain pathology only detectable from a brain specimen analyzed post-mortem to 
assess for the buildup of abnormal tau protein in characteristic patterns deep in sulci

• When CTE pathology is present, it is usually accompanied by other brain pathologies
• Relationships between CTE pathology and behaviors during life remain unknown 
• Whether CTE pathology is associated with a progressive neurodegenerative condition is 

unclear
• There are no clinical tests for CTE and it is not a clinical diagnosis
• CTE prevalence is unknown, but appears to be rare
• TES is a research diagnosis that remains to be validated, as sxs overlap with other 

conditions and may be predicted by other dxs
• The perception of having CTE is associated with negative mental health factors
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What can we tell patients and families about the 
long—term risks of concussion?

Some people are worried
• Athletes
• Former athletes
• The general public
• Healthcare professionals
• Parents 
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In a 2018 CDC national survey of parents:
25% expressed concern 

about their child 
developing dementia 
from playing contact 

sports

Daugherty & Sarmiento, Brain Injury, 2018
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What can we tell patients & families about the long—
term risks of concussion?

• A sedentary lifestyle carries multiple health risks

• Sports / recreation activities are good for psychological development, teamwork, 
and life skills

• Most individuals who suffer a concussion recover completely and do not have 
associated problems or develop dementia (or CTE/TES) later in life

• It’s complicated - those who may be at greatest risk may have various contributing 
factors (e.g. genetics, etc.)
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What can we tell patients, families, attorneys, and 
courts about the long—term risks of concussion?

• Most individuals who suffer a concussion recover completely and do not have 
associated problems or develop dementia (or CTE/TES) later in life

• It’s complicated - those who may be at greatest risk may have various 
contributing factors (e.g. genetics, etc.)

• Over the course of a lifetime, multiple risk factors for abnormal cognition may 
arise

• It is important to assess patient concerns about concussion, dementia, CTE, 
provide information, and address and treat presenting symptoms
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And as noted earlier…

• Forecasting mTBI to subsequent dementia or CTE risk in 
forensic settings in an individual case with any scientific 
certainty remains an impossible task 
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