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Number of Publications in PubMed 
with “Chronic Traumatic Encephalopathy” as Keyword
Total = 1168 (83% not from BU)

0

20

40

60

80

100

120

140

160

1987 1990 1995 1996 2002 2003 2004 2005 2006 2007 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022



Important Unanswered Questions and 
Knowledge Gaps
• Is CTE common?

• What are the specific risk and resilience factors?
• Head impact exposure (source, frequency, intensity, type, duration, age)
• Genetics
• Vascular
• Racial/Sociocultural
• Lifestyle

• What (if any) are the clinical features caused by CTE p-tau neuropathology?

• What (if any) are the clinical features caused by non-CTE neuropathology?

• How can we treat or prevent CTE?

• Critical Next Step: Diagnose CTE During Life



Can We Diagnose CTE During Life?

• Short answer: No….

• Longer answer: We are getting closer…

• What is needed?
• Description of the clinical features and course
• Development, validation, and refinement of diagnostic 

criteria for the clinical syndrome associated with CTE
• Development and validation of sensitive and specific fluid 

and neuroimaging biomarkers of underlying CTE 
pathology



Early Description of Clinical Syndrome in Professional Boxers

• “Punch Drunk”
• Martland, JAMA, 1928 

• “cuckoo,” “goofy,” “slug-nutty”
• “Finally, marked mental deterioration may set in 

necessitating commitment to an asylum”

• “Dementia Pugilistica”
• Millspaugh, 1937



• “Chronic traumatic encephalopathy” first used by Bowman 
and Blau in 1940

• 28-year-old professional boxer experiencing cognitive, behavioral, 
and mood symptoms.

• Presented with short-term memory problems, depression, 
irritability, “childish” behavior, and paranoia, none of which 
improved over the course of 18 months 

Early Description of Clinical Syndrome in Professional Boxers



• Critchley also used the term “chronic traumatic 
encephalopathy” in 1949 to diagnose a group of sailors, all 
former boxers, who presented with a similar profile

• Critchley (1957) further described the course of the 
condition: 

• Of great interest, pathological as well as practical, is the fact that this 
traumatic encephalopathy is a progressive condition. Once established it not 
only does not permit of reversibility, but it ordinarily advances steadily. This is 
the case even though the boxer has retired from the ring and repeated cranial 
traumata are at an end. Neurologists have visualized this state of chronic 
traumatic encephalopathy as being based upon multiple minor cerebral 
contusions, possibly with initial pinpoint haemorrhages later replaced by a 
gliosis, cortical atrophy, and internal hydrocephalus.

Early Description of Clinical Syndrome in Professional Boxers



Clinical Syndrome Described in American 
Football Players as Early as the 1930s

• 1933 case report by the Homeopathic Medical Society of 
the State of Pennsylvania

• Young football player who “did things suggesting the behavior 
of psychopathic personality” like “forging checks”

• Described the “condition we sometimes find in 
pugilists…pummeled about the head.” 

• In 1937, former Columbia University football player, 
Frank Scully, interviewed his former teammates

• 7 had varying degrees of “dementia, vagrancy, and motor 
deficiencies.”

• He believed the condition seen in boxers could be “multiplied 
many times if applied to football.”



Chronology of Diagnostic Terminology for the Clinical Syndrome of 
Chronic Traumatic Encephalopathy

Term Author Year

Punch Drunk Martland 1928

Traumatic Encephalopathy Osnato 1929

Traumatic Encephalopathy of Pugilists Parker 1934

Dementia Pugilistica Millspaugh 1937

Chronic Traumatic Encephalopathy Bowman and Blau 1940

Cumulative Encephalopathy of the Boxer La Cava 1952

Chronic Progressive Traumatic Encephalopathy Critchley 1957

Psychopathic Deterioration of Pugilists Courville 1962

Chronic Boxer’s Encephalopathy Serel and Jaros 1962

Traumatic Boxer’s Encephalopathy Mawdsley and Ferguson 1963

Traumatic Encephalopathy Victoroff 2013

Traumatic Encephalopathy Syndrome Montenigro et al. 2014



Diagnosis of CTE During Life: Step 1

• Beyond “Punch Drunk” etc.
• No neuropathological diagnosis

• Describe the clinical features associated with neuropathologically 
confirmed CTE



Clinical Features Associated with CTE?

• Based on retrospective 
reports of next-of-kin 
of deceased individuals

• Features are diverse 
and nonspecific



Clinical Features Associated with CTE

• Changes in Emotional and Behavioral Control
• Rage

• Short Fuse

• Impulsivity

• Emotional Lability

• Not the social disinhibition of Behavioral Variant Frontotemporal 
Dementia (FTDbv)

This “Neurobehavioral Dysregulation” often occurs earlier in 
life, i.e., ages 30’s-50’s



Clinical Features Associated with CTE
• Changes in Cognitive Functioning

• Poor Short-Term (Episodic) Memory
• cannot make new memories, rapid forgetting, repeating stories

• Executive Dysfunction
• poor judgment and decision-making, impaired organizational and planning skills, poor 

multi-tasking, cognitive disinhibition (act first, think second)

• Other areas of cognitive functioning can also be impaired

Cognitive Changes often begin later in life, i.e., ages 50’s-70’s

• Dementia
• Dementia = cognitive impairment significant enough to impact daily 

functioning (e.g., instrumental activities of living), independence

• Dementia is not an illness or a disease; it is a clinical syndrome that is 
eventually seen in most/all neurodegenerative diseases



Other Neurodegenerative Diseases that 
Eventually Lead to Clinical Dementia

• Alzheimer’s Disease (60-80% of all dementia) 

• Cerebrovascular Disease (5-10%)

• Lewy Body Disease (5-10%)

• Frontotemporal Lobar Degeneration (5-10%)

• Parkinson’s Disease

• Progressive Supranuclear Palsy (PSP)

• Corticobasal Degeneration (CBD)

• Prion Disease (e.g., Creutzfeldt-Jakob disease)

• Cerebral Amyloid Angiopathy

• Huntington Disease 

15



Specific Neurodegenerative Diseases are 
Diagnosed through a Postmortem 

Neuropathological Examination

Each Neurodegenerative Disease has an 
Associated Clinical Syndrome of Dementia, 

as well as “Prodromal” Syndromes
(e.g., Mild Cognitive Impairment, Mild 

Behavioral Impairment)



CTE and Dementia

• CTE can eventually cause dementia, but that does NOT 
mean that CTE causes “Alzheimer’s disease”

• Repetitive head impact exposure can cause CTE which can 
then eventually cause dementia, but that does NOT mean 
that RHI causes Alzheimer’s disease

• CTE dementia can easily be misdiagnosed as Alzheimer’s 
disease dementia



CTE in an Older Patient Can Mimic 
Alzheimer’s Disease Dementia



J.D. - 66 yo Former NFL Center

• Exposure History
• 17 years of American football

• Age of first exposure: 10

• 6 years in the NFL as a Center

• Approx. 50 concussions, 1 with brief LOC, no hospitalizations

• Clinical Course
• Mid 50s: mild memory impairment, but continued to work

• Age 64: retired, outbursts, apathy, depression, and anxiety

• Mid 60s: progression of memory impairment, more outbursts, problems 

with navigation, word finding difficulty, paraphasic errors, gait instability, 

masked facies, mild impairment in iADLs, dementia diagnosis

• Cause of Death
• myocardial infarction

• Neuropathological Diagnosis
• CTE Stage IV and NO Evidence of AD or other pathology



Football does NOT lead to “Alzheimer’s disease”

BUT…

Not everyone with a history of RHI Exposure from 
Football and who has cognitive impairment and 

dementia has CTE pathology, or if CTE pathology is 
present, there may be other primary or comorbid 
pathologies contributing to the clinical features

(Dr. Asken)

but…
RHI Exposure from Football can eventually lead to cognitive 

impairment and “dementia” due to CTE



CTE and Progression of Clinical Features
what we think we know

Asymptomatic
“Preclinical”

Emotional and 
Behavioral 

Changes

Memory and 
Executive Function 

Decline

Dementia
Mild Moderate Severe



Diagnosis of CTE During Life: Step 2

• Develop Diagnostic Criteria for the 
clinical manifestations of CTE 
neuropathology



Four Initially Proposed Diagnostic Criteria Schemata 
for the Clinical Presentation of CTE



2014 - Proposed Research Diagnostic Criteria 
for “Traumatic Encephalopathy Syndrome”



2019 - First National Institute of Neurological Disorders and 
Stroke (NINDS) Consensus Workshop to Define the Diagnostic 
Criteria for Traumatic Encephalopathy Syndrome
Monday, April 15, 2019  Phoenix, Arizona



Attendees at the First NINDS Consensus Workshop to Define the 
Diagnostic Criteria for Traumatic Encephalopathy Syndrome (TES)

DIAGNOSE CTE Research Project

NINDS
Observers

Invited External 
Voting Panelists

Investigators:
Voting Panelists

Investigators:
Non-Voting Observers

Walter Koroshetz, MD David Brody, MD, PhD Charles Adler, MD, PhD Jeffrey Cummings, MD

Debra Babcock, MD, PhD Kristen Dams-O’Connor, PhD Michael Alosco, PhD David Knopman, MD

Patrick Bellgowan, PhD Barry Jordan, MD Laura Balcer, MD Eric Reiman, MD

Tom McAllister, MD William Barr, PhD Yorghos Tripodis, PhD

Ron Petersen, MD, PhD Sara Banks, PhD

Ross Zafonte, DO Charles Bernick, MD

Robert Cantu, MD

Dave Dodick, MD

Yonas Geda, MD

Doug Katz, MD

Jesse Mez, MD

Elaine Peskind, MD

Robert Stern, PhD

Jennifer Wethe, PhD

• 20 expert panelists from 11 academic centers, representing 
multiple disciplines, interests and expertise

• Neuropsychology, neurology, psychiatry, physical medicine and 
rehabilitation, neurosurgery

• Experts in dementia, TBI, rehabilitation, sports medicine, 
behavioral neurology/neuropsychiatry…

• Investigators from the DIAGNOSE-CTE investigator group and 
outside investigators

• 7 Observers, including NINDS Director and Program Officials



Goals set at Consensus Workshop

1. To develop evidence informed, expert consensus diagnostic criteria 
for Traumatic Encephalopathy Syndrome (TES), the clinical disorder 
associated with neuropathologically diagnosed Chronic Traumatic 
Encephalopathy (CTE). 

2. To improve upon previously proposed research diagnostic criteria 
for TES by maintaining adequate sensitivity and increasing the 
specificity for underlying CTE pathology, defined by the 
NINDS/NIBIB consensus criteria.

3. To develop a criteria structure amenable to future updates, without 
the need for complete reorganization. 



Modified Delphi Process to Achieve Consensus

• Overseen by Doug Katz, MD

• Panelists agreed to the following:
• Maximum of four rounds of anonymous voting and revising

• >80% agreement required for consensus

• Informed by literature review, available evidence for clinicopathological 
correlation

• Began with existing 2014 provisional criteria



2021 study of the ability of 2014 TES criteria to predict CTE pathology



Modified Delphi Process: Four Rounds of Voting and Revising 
and Voting and Revising…Almost Two Years Later:



Stepwise Process for Utilizing the NINDS Consensus Diagnostic 
Criteria for Traumatic Encephalopathy Syndrome



Stepwise Process for Utilizing the NINDS Consensus Diagnostic 
Criteria for Traumatic Encephalopathy Syndrome



Stepwise Process for Utilizing the NINDS Consensus Diagnostic 
Criteria for Traumatic Encephalopathy Syndrome



Stepwise Process for Utilizing the NINDS Consensus Diagnostic 
Criteria for Traumatic Encephalopathy Syndrome



Stepwise Process for Utilizing the NINDS Consensus Diagnostic 
Criteria for Traumatic Encephalopathy Syndrome



Stepwise Process for Utilizing the NINDS Consensus Diagnostic 
Criteria for Traumatic Encephalopathy Syndrome



Two-Step Research Diagnostic Approach

Step 1:
Meets Criteria for

Traumatic Encephalopathy 
Syndrome (TES) 

Supportive
Features

Step 2: 
Levels of Certainty for CTE 

Pathology



Supportive Features Used to Determine 
Provisional Levels of Certainty for CTE Pathology

Depression, 
Anxiety, Apathy, 
Suicidality are NOT 
Core Clinical 
Features of TES



Flow Diagram for Determining Provisional Levels of 
Certainty for CTE Pathology



Two-Step Clinical Diagnostic Approach

Step 1:
Meets Criteria for

Traumatic Encephalopathy 
Syndrome (TES) 

Supportive 
Features 

&

Biomarker 
Positive

Step 2: 
Meets Criteria for Probable 

CTE with Biomarker 
Evidence of CTE Pathology



Diagnosis of CTE During Life: Step 3

• Develop Sensitive and Specific Biomarkers for CTE Pathology



Biomarkers for CTE:
Similar to Alzheimer’s Disease AT(N) Framework

• Jack et al. NIA-AA research framework: toward a biological definition of 
Alzheimer’s disease. Alzheimers Dement. 2018;14(4):535–62.

• Division of the underlying disease (i.e., Alzheimer’s disease) from the clinical 
syndromes associated with the disease (i.e., MCI, dementia)

• Based on premise that defining AD purely by its clinical presentation is artificial 
and that, with advances in biomarker development and accuracy, the shift has 
been to view AD as a clinico-pathophysiological entity 

• A = Aggregated b-amyloid or associated pathophysiology 
• CSF Ab 42, or 42/40 ratio
• Amyloid PET

• T = Aggregated tau (neurofibrillary tangles) or associated pathophysiology 
• CSF p-tau 181
• Tau PET

• (N) = Neurodegeneration/ neuronal injury 
• Anatomic MRI
• FDG PET
• CSF total tau

• Since these initial publications, tremendous advances have been
made in plasma (and CSF) biomarkers of b-amyloid, p-tau, 
and measures of neurodegeneration and inflammation



Biomarkers for CTE:
Similar to Alzheimer’s Disease AT(N) Framework

• Jack et al. NIA-AA research framework: toward a biological definition of 
Alzheimer’s disease. Alzheimers Dement. 2018;14(4):535–62.

• Division of the underlying disease (i.e., Alzheimer’s disease) from the clinical 
syndromes associated with the disease (i.e., MCI, dementia)

• Based on premise that defining AD purely by its clinical presentation is artificial 
and that, with advances in biomarker development and accuracy, the shift has 
been to view AD as a clinico-pathophysiological entity 

• A = Aggregated b-amyloid or associated pathophysiology 
• CSF Ab 42, or 42/40 ratio
• Plasma Ab or 42/40 ratio
• Amyloid PET

• T = Aggregated tau (neurofibrillary tangles) or associated pathophysiology 
• CSF p-tau 181, 217, 231, others
• Plasma p-tau 181, 217, 231, others
• Tau PET

• (N) = Neurodegeneration/ neuronal injury 
• Anatomic MRI
• FDG PET
• CSF total tau, NfL
• Plasma total tau, NfL, GFAP, 



Biomarkers for CTE:
T(N) (WM, Other?) Framework

• T = Aggregated tau (neurofibrillary tangles) – early perivascular at depths of cerebral 
sulci with later spread; changes in isomers from early (4R) to late (3R) 

• CSF p-tau 181, 217, 231, others

• Plasma p-tau 181, 217, 231, others

• Tau PET

• (N) = Neurodegeneration/ neuronal injury 
• Anatomic MRI

• CSF total tau, NfL

• Plasma total tau, NfL, GFAP

• ?WM = Stay tuned (Dr. Alosco)



Potential CTE Biomarkers

• Several preliminary studies have examined various potential fluid and 
neuroimaging biomarkers of CTE, in living participants at high risk for 
CTE (e.g., former American football players), and in deceased 
individuals with neuropathologically-confirmed CTE diagnosis



DETECT
Diagnosing and Evaluating Traumatic 

Encephalopathy using Clinical Tests

2011-2016
Goal:

To Examine Potential Biomarkers to Diagnose CTE During Life

Principle Investigator: Robert A. Stern
NIH R01 Grants R01NS078337 and R56NS078337 

funded by:
National Institute of Neurologic Diseases and Stroke

National Institute of Aging
National Institute of Childhood Health and Development



DETECT Study - Subjects

•~100 former NFL players (CTE High Risk)
• ages 40-69
• positions with highest exposure to RHI
• currently symptomatic

•30+ controls (CTE No Risk)
• same age 
• no brain trauma exposure
• asymptomatic



DETECT Study Publications
• Lin AP, Ramadan S, Stern RA, Box HC, Nowinski CJ, Ross BD, Mountford CE. Changes in the 

neurochemistry of athletes with repetitive brain trauma: Preliminary results using 2D correlated 
spectroscopy. Alzheimers Res The. 2015;7(1):13. 

• Stamm JM, Bourlas AP, Baugh CM, Fritts NG, Daneshvar DH, Martin BM, McClean MD, Tripodis Y, Stern 
RA. Age of first exposure to football and later-life cognitive impairment in former NFL players. 
Neurology. 2015;84:1114-1120. 

• Stamm JM, Koerte IK, Muehlmann M, Pasternak O, Bourlas AP, Baugh CM, Giwerc MY, Zhu A, Coleman 
M, Bouix S, Fritts NG, Martin BM, Chaisson C, McClean MD, Lin AP, Cantu RC, Tripodis Y, Stern RA*, 
Shenton ME*. Age at first exposure to football is associated with altered corpus callosum white matter 
microstructure in former professional football players. J Neurotrauma. 2015;32:1768-1776. 

• Alosco ML, Tripodis Y, Jarnagin J, Baugh CM, Martin B, Chaisson CE, Estochen N, Song L, Cantu RC, 
Jeromin A, Stern RA. Repetitive head impact exposure and later-life plasma total tau in former NFL 
players. Alzheimers Dement (Amst). 2016;7:33-40. 

• Koerte IK, Hufschmidt J, Muehlmann M, Tripodis Y, Stamm JM, Giwerc MY, Coleman MJ, Baugh CM, 
Fritts NG, Heinen F, Lin A, Stern RA*, Shenton ME.* Cavum septi pellucidi in symptomatic former 
professional football players. J Neurotrauma, 2016;33(4):346-353. 

• Stern RA, Tripodis Y, Baugh CM, Fritts NG, Martin BM, Chaisson C, Cantu RC, Joyce JA, Shah S, Ikezu T, 
Zhang J, Gercel-Taylor C, Taylor DD. Plasma exosomal tau as a potential biomarker for chronic 
traumatic encephalopathy. J Alzheimers Dis. 2016;51(4):1099-1109. 

• Alosco ML, Jarnagin J, Rowland B, Liao H, Stern RA, Lin A. Magnetic resonance spectroscopy as a 
biomarker for chronic traumatic encephalopathy. Semin Neurol. 2017; 37:503-509.

• Alosco ML, Jarnagin J, Tripodis Y, Martin B, Chaisson C, Baugh CM, Torres A, Nowinski CJ, Cantu RC, 
Stern RA. Utility of providing a concussion definition in the assessment of concussion history in former 
NFL players. Brain Inj. 2017;31(8):1116–1123. 

• Alosco ML, Jarnagin J, Tripodis Y, Platt M, Martin B, Chaisson CE, Baugh CM, Fritts NG, Cantu RC, Stern 
RA. Olfactory function and associated clinical correlates in former NFL players. J Neurotrauma. 
2017;34(4):772-780. 

• Alosco ML, Koerte IK, Tripodis Y, Mariani M, Chua AS, Jarnagin J, Rahimpour Y, Puzo, C, Healy RC, 
Martin B, Chaisson CE, Cantu RC, Au R, McClean M, McKee AC, Lin AP, Shenton ME, Killiany RJ, Stern 
RA. White matter signal abnormalities in former National Football League players. Alzheimers 
Dement. 2018; 10:56-65. 

• Alosco ML, Tripodis Y, Fritts NG, Heslegrave A, Baugh CM, Conneely S, Mariani M, Martin BM, Frank S, 
Mez J, Stein TD, Cantu RC, McKee AC, Shaw LM, Trojanowski JQ, Blennow K, Zetterberg H, & Stern RA. 
Cerebrospinal fluid tau, Aβ, and sTREM2 in former National Football League players:  Modeling the 
relationship between repetitive head impacts, microglial activation, and neurodegeneration. 
Alzheimers Dement. 2018; 14:1159-1170. 

• Guenette JP, Stern RA, Tripodis Y, Chua AS, Schultz V, Sydnor VJ, Somes N, Karmacharya S, Lepage C, 
Wrobel P, Alosco ML, Martin BM, Chaisson CE, Coleman MJ, Lin AP, Pasternak O, Makris N, Shenton M, 
Koerte IK. Automated versus manual segmentation of brain region volumes in former football players. 
NeuroImage: Clin. 2018; 18:888-896. 

• Guenette JP, Stern RA, Tripodis Y, Chua AS, Schultz V, Sydnor VJ, Somes N, Karmacharya S, Lepage C, Wrobel P, Alosco 
ML, Martin BM, Chaisson CE, Coleman MJ, Lin AP, Pasternak O, Makris N, Shenton M, Koerte IK. Automated versus 
manual segmentation of brain region volumes in former football players. NeuroImage: Clin. 2018; 18:888-896. 

• Schultz V, Stern RA, Tripodis Y Stamm J, Wrobel P, Lepage C, Weir I, Guenette JP, Chua A, Alosco ML, Baugh CM, Fritts 
NG, Martin BM, Chaisson CE, Coleman MJ, Lin AP, Pasternak O, Shenton ME, Koerte IK. Age at first exposure to 
repetitive head impacts is associated with smaller thalamic volumes in former professional American football players. 
J Neurotrauma. 2018; 35(2):278-285. 

• Alosco ML, Tripodis Y, Koerte IK, Jackson JD, Chua A, Mariani M, Haller O, Foley EM, Martin B, Palmisano J, Singh B, 
Green K, Lepage C, Mühlmann M, Makris N, Cantu R, Lin AP, Coleman M, Pasternak O, Mez J, Bouix S, Shenton ME, 
Stern RA. Interactive effects of racial identity and repetitive head impacts on cognitive function, structural MRI-
derived volumetric measures, and cerebrospinal fluid tau and Aβ. Front Hum Neurosci, 2019; 13:440. 

• Lepage C, Muehlmann M, Tripodis Y, Hufschmidt J, Stamm J, Green K, Wrobel P, Schultz V, Weir I, Alosco ML, Baugh 
CM, Fritts NG, Martin BM, Chaisson C, Coleman MJ, Lin AP, Pasternak O, Makris N, Stern RA, Shenton ME, Koerte IK. 
Limbic system structure volumes and associated neurocognitive functioning in former NFL players. Brain Imaging 
Behav. 2019; 13:725–734

• Muraoka S, Jedrychowski M, Tatebe H, DeLeo AM, Ikezu S, Tokuda T, Gygi SP, Stern RA, Ikezu T. Proteomic profiling of 
extracellular vesicles isolated from cerebrospinal fluid of former National Football League players at risk for chronic 
traumatic encephalopathy. Front Neurosci, 2019 Oct 9;13:1059. 

• Stern RA, Adler CH, Chen K, Navitsky M, Luo J, Dodick DW, Alosco ML, Tripodis Y, Goradia DD, Martin B, Mastroeni D, 
Fritts NG, Jarnagin J, Devous MD Sr, Mintun MA, Pontecorvo MJ, Shenton ME, Reiman EM. Tau positron-emission 
tomography in former National Football League players. NEJM, 2019; 380:1716-1725. 

• Alosco ML, Tripodis Y, Rowland B, Chua AS, Liao H, Martin B, Jarnagin J, Chaisson CE, Pasternak O, Karmacharya S, 
Koerte IK, Cantu RC, Kowall NW, McKee AC, Shenton ME, Greenwald RE, McClean M, Stern RA,* Lin A.* A magnetic 
resonance spectroscopy investigation in symptomatic former NFL players, Brain Imaging Behav, 2020; 14:1419–1429. 

• Kaufmann D, Sollmann N, Kaufmann E, Veggeberg R, Tripodis Y, Wrobel PP, Kochsiek J, Martin BM, Lin AP, Coleman 
MJ, Alosco ML, Pasternak O, Bouix S, Stern RA, Shenton ME, Koerte IK. Age at First Exposure to Tackle Football is 
Associated with Cortical Thickness in Former Professional American Football Players. Cereb Cortex. 2021 Jun 
10;31(7):3426-3434. 

• Kochsiek J, O'Donnell LJ, Zhang F, Bonke EM, Sollmann N, Tripodis Y, Wiegand TLT, Kaufmann D, Umminger L, Di Biase
MA, Kaufmann E, Schultz V, Alosco ML, Martin BM, Lin AP, Coleman MJ, Rathi Y, Pasternak O, Bouix S, Stern RA, 
Shenton ME, Koerte IK. Exposure to Repetitive Head Impacts Is Associated With Corpus Callosum Microstructure and 
Plasma Total Tau in Former Professional American Football Players. J Magn Reson Imaging. 2021 Dec;54(6):1819-
1829. 

• Muraoka S, DeLeo AM, Yang Z, Tatebe H, Yukawa-Takamatsu K, Ikezu S, Tokuda T, Issadore D, Stern RA, Ikezu T. 
Proteomic Profiling of Extracellular Vesicles Separated from Plasma of Former National Football League Players at Risk 
for Chronic Traumatic Encephalopathy. Aging Dis. 2021 Sep 1;12(6):1363-1375. 

• Foley ÉM, Tripodis Y, Yhang E, Koerte IK, Martin BM, Palmisano J, Makris N, Schultz V, Lepage C, Muehlmann M, 
Wróbel PP, Guenette JP, Cantu RC, Lin AP, Coleman M, Mez J, Bouix S, Shenton ME, Stern RA, Alosco ML. Quantifying 
and Examining Reserve in Symptomatic Former National Football League Players. J Alzheimers Dis. 2022;85(2):675-
689. 



Potential Fluid Biomarkers for CTE

• Non-Specific
• CSF

• total tau

• NfL

• GFAP

• sTREM2

• Plasma
• total tau

• exosomal total tau

• NfL

• GFAP

• CSF and Plasma measures of:
• cytokines, chemokines, vascular 

injury, angiogenesis, TH17 

• Specific to CTE?
• CSF

• p-tau 217
• p-tau 231
• p-tau 181
• p-tau other epitopes?

• Plasma
• p-tau 217
• p-tau 231
• p-tau 181
• p-tau other epitopes?

• Proteomic Profiling of CSF and/or 
Plasma



Potential Neuroimaging Biomarkers for CTE

• Non-Specific
• Structural MRI

• Cavum Septum Pellucidum

• Volumetrics and Cortical Thickness

• FLAIR

• DTI

• Functional MRI
• resting state fMRI

• MRS

• FDG PET

• Amyloid PET (negative)

• Specific to CTE?
• Tau PET

• flortaucipir?

• Others, newer generation

• Different radiotracers for different 
stages of disease (4R, 3R/4R, 3R)



PET Scans for Abnormal Tau in Alzheimer’s 
Disease and Other Tauopathies

• PET tracers that bind to specific p-tau species is a major area of 
research in Alzheimer’s disease, PSP, FTD, and other tauopathies

• Flortaucipir (T807, AV1451) PET tracer designed to detect 
abnormal tau in Alzheimer’s disease (3R/4R Tau)

• Big Question: Is Flortaucipir appropriate for CTE tau?
• FDA says NO; for now, only for Alzheimer’s disease



NEJM 2019;380:1716-25

• Participants

• 26 symptomatic former NFL players
• 40-69 years, > 2 yrs in NFL, > 12 yrs total 

tackle football, and self-reported 
complaints of cognitive, behavioral, and 
mood symptoms reported at telephone 
screening

• 31 asymptomatic controls
• male, 40-69 years, no cognitive 

symptoms, and no history of traumatic 
brain injury

• Clinical Measures
• All participants were administered the MMSE

• Former NFL players also administered a series of 
neuropsychological tests and neuropsychiatric 
measures 

• Imaging
• Each participant had flortaucipir (FTP) tau PET, 

florbetapir amyloid PET, and T1-weighted 
volumetric brain MRI



Statistical Parametric Maps of 
Flortaucipir Positron-Emission 
Tomography (PET). The maps 
show voxels with higher 
regional cerebellar gray-matter 
flortaucipir standard uptake 
value ratios (SUVRs) among 
former National Football 
League (NFL) players than 
among controls (P<0.005, 
uncorrected for multiple 
regional comparisons). 

Results – Flortaucipir Tau PET



Three-Dimensional Stereotactic Surface 
Projection Maps of Flortaucipir PET.
Higher flortaucipir SUVRs in the former-player 
group than in the control group were found in the 
bilateral superior frontal (Panel A), bilateral 
medial temporal (Panel B), and left parietal (Panel 
C) regions of the brain. The regions shown in red 
in these surface projection images correspond to 
the statistical parametric maps after restriction of 
the map to those clusters of at least 100 
contiguous voxels associated with higher regional 
cerebellar gray-matter flortaucipir SUVRs in the 
former-player group than in the control group 
(P<0.005, uncorrected for multiple regional 
comparisons).

Results





Results – Clinical Associations?

• Clinical Measures: There were NO significant relationships 
between flortaucipir Tau PET levels and the clinical measures of 
memory, executive functioning, or mood/behavior

• Possible explanations:
• Insufficient power due to small sample size and the patchy, focal 

distribution of tau deposition observed in postmortem studies of CTE
• Exclusion of asymptomatic former NFL players from the study may have 

reduced the ability to detect a relationship between flortaucipir uptake 
and clinical features of CTE

• Flortaucipir may not be that specific to CTE p-tau
• Tau pathology alone may not be associated with the neuropsychiatric 

symptoms and cognitive impairment described in former American 
football players, boxers, and others with a history of extensive repetitive 
head impact exposure



• No…we are closer, but not there yet
• Some of the many questions:
• What clinical features are specifically related to p-tau 

pathology?
• Initial sulcal depth p-tau deposition
• Later medial temporal involvement
• p-tau-related neurodegeneration

• Is the cognitive impairment from tauopathy?
• Is the neurobehavioral dysregulation from white 
matter degeneration?

CTE Clinical Diagnosis: Are we there yet?



• Are some of the clinical features due to non-p-tau 
CTE-related and/or unrelated pathology
• Inflammatory responses
• Chronic or progressive changes from single 

moderate-severe TBI
• White matter damage (arteriosclerosis vs rarefaction)
• Comorbid AD, other neurodegenerative diseases, 

proteinopathies
• TDP-43
• beta amyloid
• cerebral amyloid angiopathy
• alpha synuclein

CTE Clinical Diagnosis: Are we there yet?



• Are the clinical features associated with other factors:
• Idiopathic psychiatric disorders
• Sleep disorders
• Chronic pain
• Racial and associated inequities in social/cultural determinants of 

health
• Are all clinical features progressive?
• Can a negative amyloid PET be a “biomarker” for CTE (i.e., in a 

cognitively impaired individual with substantial RHI exposure 
who does not meet Dx criteria for other disorders)?

• Do current tau PET radiotracers actually detect CTE p-tau 
isoforms?

• Do current plasma and CSF p-tau analytes detect CTE p-tau 
epitopes?

CTE Clinical Diagnosis: Are we there yet?



Current Research

• Several studies currently underway to better understand 
the long-term effects of RHI, the clinical course of CTE, 
and potential biomarkers, including (but not limited to):

• Professional Fighters Brain Health Study at the Cleveland 
Clinic Lou Ruvo Center

• Concussion Assessment, Research, and Education (CARE) 
Consortium funded by the National Collegiate Athletic 
Association and the U.S. Department of Defense

• Focused Imaging for the Neurodegenerative Disease-Chronic 
Traumatic Encephalopathy (FIND-CTE) at BU (Alosco) and 
UCSF (Rabinovici)

• And…



$17 Million grant funded by the 
National Institute of Neurological Disorders & Stroke
(U01NS093334; “Chronic Traumatic Encephalopathy:

Detection, Diagnosis, Course, and Risk Factors”)

7+ Year Multicenter Study (2015-2022+)

Robert A. Stern, Ph.D., Principal Investigator (Contact)

Boston University Chobanian & Avedisian School of Medicine







Co-Principal Investigators
Jeffrey L. Cummings, M.D., Sc.D.
Joy Chambers-Grundy Professor of Brain Science, Vice Chair for Research, and Director of the Chambers-Grundy Center for 

Transformative Neuroscience, Department of Brain Health, School of Integrated Health Sciences, University of Nevada Las Vegas

(UNLV)

Dr. Cummings is the recipient of numerous prestigious awards, including the Henderson Award of the American Geriatrics Society (2006), 

the Ronald and Nancy Reagan Research Award of the national Alzheimer’s Association (2008), the Lifetime Achievement Award of the

Society for Behavioral and Cognitive Neurology (2017), Distinguished Scientist Award of the American Association of Geriatric Psychiatry 

(2010), and the Bengt Winblad Lifetime Achievement Award from the national Alzheimer’s Association. In 2019, the International 

Psychogeriatric Association awarded him with the Distinguished Service Award and he received the Alzheimer’s Drug Discovery 

Foundation’s Melvin R. Goodes Prize that honors an innovative researcher who has made a significant and lasting impact in the field. 

Eric M. Reiman, M.D.
Executive Director, Banner Alzheimer’s Institute

Professor of Psychiatry, University of Arizona

University Professor of Neuroscience, Arizona State University

Senior Scientist, Translational Genomics Research Institute (TGen)

Director, Arizona Alzheimer’s Consortium

Dr. Reiman is an author of more than 500 publications, a principal investigator of seven current NIH grants, and a member of the National 

Advisory Council on Aging (NIA Council). He is a recipient of the Potamkin Prize for his pioneering contributions to the study of preclinical 
AD and the accelerated evaluation of AD prevention therapies.

Martha Shenton, Ph.D.
Professor of Psychiatry and Radiology, Harvard Medical School

Director, Psychiatry Neuroimaging Laboratory

Senior Scientist, Brigham and Women’s Hospital

Health Scientist, VA Boston Healthcare System

Dr. Shenton has more than 500 publications and has received several career awards from the National Institute of Mental Health, 

including a K01 Mentored Award (1988-1993), two K02 Independent Investigator Awards (1994-1999, 1998-2004), and a K05 Senior 

Scientist Award (2004-2009). She has also been the recipient of the Joseph Zubin Memorial Fund Award for Research in 

Psychopathology, the William Silen Lifetime Achievement Award for Mentoring, and a Distinguished NARSAD Award. 



External Advisory Board (EAB)

David Knopman, M.D., EAB Chair
Professor of Neurology
Mayo Clinic

Col. Dallas Hack, M.D., MPH (Ret.)
Brain Health Consultant

Brian Hainline, M.D.
Chief Medical Officer, National Collegiate 
Athletic Association

Mike Haynes
Member of the Pro Football Hall of Fame

Thomas McAllister, M.D.
Chair, Department of Psychiatry
Indiana University School of Medicine

Arthur Toga, M.D.
Provost Professor; Director of the Institute for 
Neuroimaging and Informatics (INI)
University of Southern California

Michael Weiner, M.D.
Professor of Medicine, Radiology, Psychiatry, 
and Neurology
University of California San Francisco



Breaking Down Silos
• Interdisciplinary Science

• neurology, neuropsychology, psychiatry, neuroimaging, molecular medicine, neuropathology, 
exposure science, genetics, biochemistry, biostatistics, bioinformatics, engineering

• Inter-Institution
• Banner Alzheimer’s Institute

• Boston University Schools of Medicine and Public Health

• Brigham and Women’s Hospital, Harvard Medical School

• Cleveland Clinic Lou Ruvo Center for Brain Health

• Invicro

• Mayo Clinic Arizona

• NYU School of Medicine 

• University of Gothenburg (Sweden)

• University of Nevada, Las Vegas

• University of Washington

• VA Puget Sound

• Washington University School of Medicine (CNDA)



Specific Aims

1. Collect and analyze neuroimaging and fluid biomarkers for 
the in vivo detection of CTE

2. Characterize the clinical presentation of CTE

3. Examine the progression of CTE over a three-year period

4. Refine and validate diagnostic criteria for the clinical 
diagnosis of CTE

5. Investigate genetic and head impact exposure
risk factors for CTE

6. Share project data with researchers across the country and 
abroad



Administrative Team

Principal Investigators
Jeff Cummings, Eric Reiman, 

Martha Shenton, 
Bob Stern (Contact)

Publications Committee
Jeff Cummings, Chair

Coordinating Center

Data Team

Yorghos Tripodis, Leader

Subteams (Leaders):

Data Management                  
Joseph Palmisano

Biostatistics
Yorghos Tripodis

Risk Team

Rhoda Au, Leader

Subteams (Leaders):

Exposure  
Michael McClean

Genetics
Jesse Mez

Fluid Biomarkers 
Team

Elaine Peskind, Leader

Neuroimaging Team 

Eric Reiman & Martha Shenton
Co-Leaders

Subteams (Leaders):

PET
Eric Reiman
MRI/MRS

Martha Shenton

Clinical Outcomes 
Team

Jeff Cummings & Bob Stern
Co-Leaders

Subteams (Leaders):
Neuropsychiatric

Jeff Cummings
Neurocognitive
Michael Alosco

Neurological/Motor
Charles Adler

Diversity, Equity, & 
Inclusion Team

Robert Turner, III, Leader

Diagnostic Criteria
Team

Bob Stern, Leader

Subteams (Leaders): 

Diagnostic Consensus Conferences 
Bob Stern

NINDS Consensus 
Criteria for TES

Doug Katz

National Institute 
of Neurological 
Disorders and 

Stroke
Scien Program Officer

Debra Babcock
Admin Program Officer 

Patrick Bellgowan

Advisory Board

David Knopman, Chair
Col. Dallas Hack
Brian Hainline
Mike Haynes

Thomas McAllister
Arthur Toga

Michael Weiner



Who is being studied?

• Males between 45-74 years old

• Three groups based on history of exposure to repetitive head impacts
• 120 Former NFL Players

• No Symptoms

• Mild Symptoms

• Dementia

• 60 Former College Football Players (no other contact sports)
• No Symptoms

• Mild Symptoms

• Dementia

• 60 Unexposed “Controls” (no contact sports, TBI, mTBI, Military)
• No Symptoms at telephone screening



Performance Evaluation Sites

Arizona
Mayo Clinic-Scottsdale 

Site PI: Charles H. Adler, MD, PhD

PET scans at Banner Alzheimer’s Institute, Phoenix

Boston
Boston University 

Chobanian & Avedisian School of Medicine 

Site PI: Robert A. Stern, PhD

MRI’s at Brigham and Women’s Hospital

Las Vegas
Cleveland Clinic Lou Ruvo Center for Brain Health

Site PI: Charles Bernick, MD

New York
New York University Langone Medical Center

Site PI: Laura Balcer, MD, MSCE



Biofluids & Neuroimaging
• Biofluids

• Lumbar Puncture: CSF
• Venipuncture: Plasma, Serum, 

Whole Blood
• Saliva Collection
• All biofluids processed, 

aliquoted, banked -70°

• Neuroimaging
• MRI: Volumetrics, DTI, rs-fMRI, 

MRS
• Amyloid PET (florbetapir)
• Tau PET (flortaucipir)

Clinical Examinations
• History

• Football and other RHI Exposure; 
concussion/TBI

• Medical, Neurological, 
Psychiatric, Substance

• Family Hx

• Neurological
• Motor
• Neurocognitive

• Subjective Report
• Neuropsychological Tests

• Neuropsychiatric
• Interview
• Standardized Self-Report 

Measures

• Study Partner Questionnaires
• Neurocognitive
• Neuropsychiatric
• Functional Dependence

Baseline Evaluation

Multidisciplinary 
Diagnostic Consensus 

Conferences
• Twice monthly video conferences
• 15 clinicians

• neurologists, psychiatrists,  
neuropsychologists, 
neurosurgeon

• Video conferences
• Case presentation
• Real-time REDCap voting
• Discussion
• Consensus Diagnosis

• NINDS Consensus Diagnostic 
Criteria

• Traumatic Encephalopathy 
Syndrome

• Level of Certainty for CTE 
Pathology



Biofluids & Neuroimaging
• Biofluids

• Lumbar Puncture: CSF
• Venipuncture: Plasma, Serum, 

Whole Blood
• Saliva Collection
• All biofluids processed, 

aliquoted, banked -70°

• Neuroimaging
• MRI: Volumetrics, DTI, rs-fMRI, 

MRS
• Amyloid PET (florbetapir)
• Tau PET (flortaucipir)

Clinical Examinations
• History

• Football and other RHI Exposure; 
concussion/TBI

• Medical, Neurological, 
Psychiatric, Substance

• Family Hx

• Neurological
• Motor
• Neurocognitive

• Subjective Report
• Neuropsychological Tests

• Neuropsychiatric
• Interview
• Standardized Self-Report 

Measures

• Study Partner Questionnaires
• Neurocognitive
• Neuropsychiatric
• Functional Dependence

Baseline Evaluation

Multidisciplinary 
Diagnostic Consensus 

Conferences
• Twice monthly video conferences
• 15 clinicians

• neurologists, psychiatrists,  
neuropsychologists, 
neurosurgeon

• Video conferences
• Case presentation
• Real-time REDCap voting
• Discussion
• Consensus Diagnosis

• NINDS Consensus Diagnostic 
Criteria

• Traumatic Encephalopathy 
Syndrome

• Level of Certainty for CTE 
Pathology

Baseline Examinations Completed 

February 26, 2020 !!!!!!!!!!!



Biofluids & Neuroimaging
• Biofluids

• Lumbar Puncture: CSF
• Venipuncture: Plasma, Serum, 

Whole Blood
• Saliva Collection
• All biofluids processed, 

aliquoted, banked -70°

• Neuroimaging
• MRI: Volumetrics, DTI, rs-fMRI, 

MRS
• Tau PET (flortaucipir)

Clinical Examinations
• History

• Football and other RHI Exposure; 
concussion/TBI

• Medical, Neurological, 
Psychiatric, Substance

• Family Hx

• Neurological
• Motor
• Neurocognitive

• Subjective Report
• Neuropsychological Tests

• Neuropsychiatric
• Interview
• Standardized Self-Report 

Measures

• Study Partner Questionnaires
• Neurocognitive
• Neuropsychiatric
• Functional Dependence

Planned 3-yr Follow-Up Evaluation

Multidisciplinary 
Diagnostic Consensus 

Conferences
• Twice monthly video conferences
• 15 clinicians

• neurologists, psychiatrists,  
neuropsychologists, 
neurosurgeon

• Video conferences
• Case presentation
• Real-time REDCap voting
• Discussion
• Consensus Diagnosis

• NINDS Consensus Diagnostic 
Criteria

• Traumatic Encephalopathy 
Syndrome

• Level of Certainty for CTE 
Pathology



Biofluids & Neuroimaging
• Biofluids

• In-Home Venipuncture: Plasma, 
Serum, Whole Blood

• Processed locally and aliquots 
shipped (dry ice) to project 
freezers at VA Puget Sound

Clinical Examinations
• History - Updates
• Neurological/Motor Modified –

Single Neurologist (Movement 
Disorder) done over Zoom

• Neurocognitive
• Subjective Report
• Neuropsychological Tests

• Telephone – T-Cog
• Video – Zoom
• Online - CANTAB

• Neuropsychiatric
• Interview
• Standardized Self-Report 

Measures

• Study Partner Questionnaires
• Neurocognitive
• Neuropsychiatric
• Functional Dependence

New 4-yr Remote Follow-Up Evaluation

Multidisciplinary 
Diagnostic Consensus 

Conferences
• Twice monthly video conferences
• 15 clinicians

• neurologists, psychiatrists,  
neuropsychologists, 
neurosurgeon

• Video conferences
• Case presentation
• Real-time REDCap voting
• Discussion
• Consensus Diagnosis

• NINDS Consensus Diagnostic 
Criteria

• Traumatic Encephalopathy 
Syndrome

• Level of Certainty for CTE 
Pathology





Baseline Data Pipeline

Coming 
Early 2023



Baseline Data!



Medical History



Athletic, Military, and TBI History



Neurocognitive Measures - Domains



Neurocognitive Measures



Neuropsychiatric Measures - Domains



Neuropsychiatric Measures



MRI - Overview



PET (Amyloid and Tau)



Genetics, CSF and Blood Biomarkers



First of Many Publications from Baseline Data (Dr. Alosco Talk…)



Flortaucipir PET images of six deceased American 
football players. Five participants had dynamically 
acquired PET scans after 80 min post-injection for at 
least 20 min and one participant’s flortaucipir scan 
ended at 90 min after injection. Voxel-wise SUVR 
values are represented relative to a cerebellar 
reference region and scaled for a range of 0–2.0. The 
flortaucipir PET images are of two former American 
football players without autopsy-confirmed CTE (a, b), 
three who had CTE stage III at autopsy (c–e), and one 
who had CTE stage IV at autopsy (f)

2nd of Many Publications from Baseline Data (Dr. Reiman Talk…)



Baseline Data Pipeline

Coming 
Early 2023



Risk for Later-Life Cognitive Impairment, 
Neurobehavioral Dysregulation, and Dementia in 

Former Soccer and American Football Players:

Head Impact & Trauma Surveillance Study

Funded by a grant from NINDS and NIA
2/1/2021 – 1/30/2026 - R01 NS119651 (PI: Stern)

New Study



Former Contact/Collision Sport Athletes: 

• Total N=4800

• 1200 female soccer players

• 1200 male soccer players

• 2400 male football players

• Across all levels of play, i.e., up through youth, high school, college, or 
elite/professional

• Ages 40+

• Complete online BHR and new HITSS Module annually

• Study Partners (requested) complete BHR and new HITSS Module informant 
measures annually

• Fully online study (prescience: grant submitted February 5, 2020)
• In collaboration with the Brain Health Registry (BHR) at UCSF (Mike Weiner, MD, PI)
• Longitudinal (annual) neurocognitive, neuropsychiatric, and dementia assessment (including TES diagnosis) 

of female and male contact/collision sport (CCS) athletes across different sports, levels of play, and RHI 
exposure

• For the initial 5-year grant period, 4800 former soccer and football players will be enrolled



Future Research

• Once we can diagnose CTE during life, we will be 
able to begin clinical trials for treatment

• And, if we can detect it early in the disease course, 
prior to symptoms, we can conduct clinical trials for 
disease modifying medications for delay or 
prevention of symptoms

• And, if we can understand the specific risk and 
resiliency factors for CTE, prevention strategies can 
be implemented








