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UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF CONNECTICUT
RUSS MCCULLOUGH, RYAN
SAKODA, and MATTHEW ROBERT
WIESE,
Individually and on behalf of all
others similarly situated,
Plaintiffs,
v.
WORLD WRESTLING
ENTERTAINMENT, INC.,
Defendant.
JOSEPH M. LAURINAITIS, et al.,
Plaintiffs,
v.
WORLD WRESTLING
ENTERTAINMENT, INC. et al.,
Defendants.
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CIVIL ACTION NO.
3:16-CV-01209 (VLB)
Consolidated Case

PLAINTIFFS’ MOTION TO TAKE JUDICIAL NOTICE OF
WWE FUNDED STUDY ON CTE IN PROFESSIONAL FOOTBALL PLAYERS
The Plaintiffs humbly request this Court take judicial notice of the attached
WWE-funded study on CTE in professional football players published July 25, 2017
in the Journal of the American Medical Association that found conclusive evidence
of the existence of CTE in 99% of the studied former NFL players. 1

1

The full study is also available at http://jamanetwork.com/journals/jama/articleabstract/2645104?utm_medium=alert&utm_source=JAMALatestIssue&utm_campaign=25-07-2017.
See Mez J, et al., Clinicopathological Evaluation of Chronic Traumatic Encephalopathy in Players
of American Football. JAMA. 2017;318(4):360–370. doi:10.1001/jama.2017.8334.
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Despite WWE’s strident attempts to distinguish itself from the NFL in this
litigation, its jointly funded study with the NFL and the largest study ever
conducted regarding long-term neurological injuries in professional football
players, evinces the similarities between the two industries. To be clear, the WWE
funded a study showing that the long-term symptoms associated with CTE are
profoundly apparent in professional football players, including behavioral or mood
symptoms, cognitive symptoms, or dementia.

These symptoms found in the

majority of the study participants are alleged to be present in the Plaintiffs.
This study is conclusive evidence that WWE has direct awareness of CTE
resulting from repetitive head trauma in professional athletes. It is nonsensical for
WWE to accept the existence of CTE and long-term neurological injuries in
professional football and deny its existence in professional wrestling. 2 The study
was not only conclusive but overwhelming in its findings – 99% of the studied
former NFL players had CTE.
The NFL accepted its responsibility to its former players and took steps to
remedy their players’ injuries. Despite donating to the Sports Legacy Institute (now
Concussion Legacy Foundation), funding CTE research, and funding this study,
the WWE continues to deny any responsibility to its former performers and any
obligation to help them with their debilitating and life-altering injuries despite
maintaining routine communications through mailers with its former performers,
including offering drug and alcohol rehab opportunities and inadequate royalty

2

Professional wrestling is also bound by the same laws of physics as professional football. The
force of impacts on the human body affect wrestlers just as football players were shown to be
permanently injured by repetitive head trauma in this study.

2

Case 3:15-cv-01074-VLB Document 359 Filed 09/12/17 Page 3 of 5

payments. To be clear, WWE does not provide any information relating to longterm neurological injuries to its former performers to this day.
Ultimately, this is an apples to apples comparison with the difference being
WWE’s continued steps to impede its former performers from understanding the
connection between their employment with WWE and their alleged injuries. This
information could save the Plaintiffs’ lives and provide a more meaningful standard
of living.
The Court should consider this study funded in part by WWE and the NFL
and this information in its pending decisions as WWE’s continued refusal to
address the health crisis within its own community is unconscionable given the
funding it provides to study head trauma in other industries.
Dated: September 12, 2017.
Respectfully submitted,
/s/ Konstantine W. Kyros____
Konstantine W. Kyros, Esq.
Bar No. ct30132
KYROS LAW OFFICES
17 Miles Road
Hingham, MA 02043
Telephone: (800) 934-2921
Facsimile: 617-583-1905
kon@kyroslaw.com
Anthony M. Norris, Esq.
KYROS LAW OFFICES
17 Miles Road
Hingham, Massachusetts 02043
Telephone: (617) 396.4159
Facsimile: (617) 583.1905
anorris@kyroslaw.com
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Brenden P. Leydon, Esq.
TOOHER WOCL & LEYDON LLC
80 4th Street
Stamford, Connecticut 06905
Telephone: (203) 517-0456
Facsimile: 203-324-1407
BLeydon@tooherwocl.com
S. James Boumil, Esq.
BOUMIL LAW OFFICES
120 Fairmount Street
Lowell, Massachusetts 01852
Telephone: (978) 458-0507
SJBoumil@Boumil-Law.com
Erica C. Mirabella, Esq.
MIRABELLA LAW LLC
132 Boylston Street, 5th Floor
Boston, Massachusetts 02116
Telephone: (617) 580-8270
Facsimile: (617) 583-1905
erica@mirabellaLLC.com
R. Christopher Gilreath, Esq.
GILREATH & ASSOCIATES
200 Jefferson Avenue, Suite 711
Memphis, Tennessee 38103
Telephone: (901) 527-0511
Facsimile: (901) 527-0514
chrisgil@sidgilreath.com

Counsel for Plaintiffs.
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CERTIFICATE OF SERVICE
I hereby certify that on this 12th day of September, 2017, a copy of the
foregoing Motion was served via this Court’s electronic case filing system.

/s/ Konstantine W. Kyros
Konstantine W. Kyros
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Clinicopathological Evaluation of Chronic Traumatic
Encephalopathy in Players of American Football
Jesse Mez, MD, MS; Daniel H. Daneshvar, MD, PhD; Patrick T. Kiernan, BA; Bobak Abdolmohammadi, BA;
Victor E. Alvarez, MD; Bertrand R. Huber, MD, PhD; Michael L. Alosco, PhD; Todd M. Solomon, PhD;
Christopher J. Nowinski, PhD; Lisa McHale, EdS; Kerry A. Cormier, BA; Caroline A. Kubilus; Brett M. Martin, MS;
Lauren Murphy, MBA; Christine M. Baugh, MPH; Phillip H. Montenigro, BA; Christine E. Chaisson, MPH;
Yorghos Tripodis, PhD; Neil W. Kowall, MD; Jennifer Weuve, MPH, ScD; Michael D. McClean, ScD;
Robert C. Cantu, MD; Lee E. Goldstein, MD, PhD; Douglas I. Katz, MD; Robert A. Stern, PhD;
Thor D. Stein, MD, PhD; Ann C. McKee, MD
Editorial page 338
IMPORTANCE Players of American football may be at increased risk of long-term neurological
conditions, particularly chronic traumatic encephalopathy (CTE).
OBJECTIVE To determine the neuropathological and clinical features of deceased football

Author Video Interview and
JAMA Report Video
Supplemental content
CME Quiz at
jamanetwork.com/learning

players with CTE.
DESIGN, SETTING, AND PARTICIPANTS Case series of 202 football players whose brains were
donated for research. Neuropathological evaluations and retrospective telephone clinical
assessments (including head trauma history) with informants were performed blinded.
Online questionnaires ascertained athletic and military history.
EXPOSURES Participation in American football at any level of play.
MAIN OUTCOMES AND MEASURES Neuropathological diagnoses of neurodegenerative
diseases, including CTE, based on defined diagnostic criteria; CTE neuropathological severity
(stages I to IV or dichotomized into mild [stages I and II] and severe [stages III and IV]);
informant-reported athletic history and, for players who died in 2014 or later, clinical
presentation, including behavior, mood, and cognitive symptoms and dementia.
RESULTS Among 202 deceased former football players (median age at death, 66 years
[interquartile range, 47-76 years]), CTE was neuropathologically diagnosed in 177 players
(87%; median age at death, 67 years [interquartile range, 52-77 years]; mean years of football
participation, 15.1 [SD, 5.2]), including 0 of 2 pre–high school, 3 of 14 high school (21%), 48 of
53 college (91%), 9 of 14 semiprofessional (64%), 7 of 8 Canadian Football League (88%),
and 110 of 111 National Football League (99%) players. Neuropathological severity of CTE was
distributed across the highest level of play, with all 3 former high school players having mild
pathology and the majority of former college (27 [56%]), semiprofessional (5 [56%]), and
professional (101 [86%]) players having severe pathology. Among 27 participants with mild
CTE pathology, 26 (96%) had behavioral or mood symptoms or both, 23 (85%) had cognitive
symptoms, and 9 (33%) had signs of dementia. Among 84 participants with severe CTE
pathology, 75 (89%) had behavioral or mood symptoms or both, 80 (95%) had cognitive
symptoms, and 71 (85%) had signs of dementia.
CONCLUSIONS AND RELEVANCE In a convenience sample of deceased football players who
donated their brains for research, a high proportion had neuropathological evidence of CTE,
suggesting that CTE may be related to prior participation in football.

JAMA. 2017;318(4):360-370. doi:10.1001/jama.2017.8334
360
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hronic traumatic encephalopathy (CTE) is a progressive neurodegeneration associated with repetitive
head trauma. 1-8 In 2013, based on a report of the
clinical and pathological features of 68 men with CTE
(including 36 football players from the current study), criteria for neuropathological diagnosis of CTE and a staging
scheme of pathological severity were proposed.6 Two clinical presentations of CTE were described; in one, the initial
features developed at a younger age and involved behavioral disturbance, mood disturbance, or both; in the other,
the initial presentation developed at an older age and
involved cognitive impairment.9 In 2014, a methodologically rigorous approach to assessing clinicopathological
correlation in CTE was developed using comprehensive
structured and semistructured informant interviews and
online surveys conducted by a team of behavioral neurologists and neuropsychologists.10 In 2015, the neuropathological criteria for diagnosis of CTE were refined by a panel
of expert neuropathologists organized by the National
Institute of Neurological Disorders and Stroke and the
National Institute of Biomedical Imaging and Bioengineering (NINDS-NIBIB).8
Using the NINDS-NIBIB criteria to diagnose CTE and the
improved methods for clinicopathological correlation, the
purpose of this study was to determine the neuropathological and clinical features of a case series of deceased football
players neuropathologically diagnosed as having CTE whose
brains were donated for research.

Methods
Study Recruitment
In 2008, as a collaboration among the VA Boston Healthcare
System, Bedford VA, Boston University (BU) School of Medicine, and Sports Legacy Institute (now the Concussion
Legacy Foundation [CLF]), a brain bank was created to better understand the long-term effects of repetitive head
trauma experienced through contact sport participation and
military-related exposure. The purpose of the brain bank
was to comprehensively examine the neuropathology and
clinical presentation of brain donors considered at risk of
development of CTE. The institutional review board at Boston University Medical Campus approved all research activities. The next of kin or legally authorized representative of
each brain donor provided written informed consent. No
stipend for participation was provided. Inclusion criteria
were based entirely on exposure to repetitive head trauma
(eg, contact sports, military service, or domestic violence),
regardless of whether symptoms manifested during life.
Playing American football was sufficient for inclusion.
Because of limited resources, more strict inclusion criteria
were implemented in 2014 and required that football players who died after age 35 years have at least 2 years of
college-level play. Donors were excluded if postmortem
interval exceeded 72 hours or if fixed tissue fragments representing less than half the total brain volume were received
(eFigure in the Supplement).
jama.com
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Key Points
Question What are the neuropathological and clinical features
of a case series of deceased players of American football
neuropathologically diagnosed as having chronic traumatic
encephalopathy (CTE)?
Findings In a convenience sample of 202 deceased players
of American football from a brain donation program, CTE was
neuropathologically diagnosed in 177 players across all levels
of play (87%), including 110 of 111 former National Football League
players (99%).
Meaning In a convenience sample of deceased players
of American football, a high proportion showed pathological
evidence of CTE, suggesting that CTE may be related to prior
participation in football.

Clinical data were collected into a Federal Interagency
Traumatic Brain Injury Research–compliant database.
Since tracking began in 2014, for 98 (81%) brain donations
to the VA-BU-CLF Brain Bank, the next of kin approached
the brain bank near the time of death. The remaining brain
donors were referred by medical examiners (11 [9%]),
recruited by a CLF representative (7 [6%]), or participated
in the Brain Donation Registry during life (5 [4%]) (eFigure
in the Supplement).

Clinical Evaluation
Retrospective clinical evaluations were performed using
online surveys and structured and semistructured postmortem telephone interviews between researchers and
informants. Researchers conducting these evaluations
were blinded to the neuropathological analysis, and informants were interviewed before receiving the results of the
neuropathological examination. A behavioral neurologist,
neuroscientist, or neuropsychologist (J.M., D.H.D., T.M.S.,
M.L.A., or R.A.S.) obtained a detailed history, including a
timeline of cognitive, behavioral, mood, and motor symptomology. Additionally, other neuropsychiatric symptoms,
exposures and symptoms consistent with posttraumatic
stress disorder, features of a substance use disorder, neurodegenerative diagnoses made in life (Alzheimer disease
[AD], frontotemporal dementia, vascular dementia, dementia with Lewy bodies, Parkinson disease, CTE, or dementia
of unknown etiology), headaches that impaired function,
symptoms and diagnoses made in life of sleep disorders,
and causes of death were assessed. Clinicians qualitatively
summarized the participants’ clinical presentation (eg, presence and course of symptoms, functional independence)
into a narrative and presented the case to a multidisciplinary consensus team of clinicians, during which it was
determined whether the participant met criteria for dementia. To resolve discrepancies in methods that evolved over
time, only clinical variables ascertained after January 2014
using a standardized informant report were included
because of the larger subset of participants recruited during
this time frame (n = 125).
Prior to January 2014, demographics, educational
attainment, athletic history (type of sports played, level,
(Reprinted) JAMA July 25, 2017 Volume 318, Number 4
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position, age at first exposure, and duration), military history (branch, location of service, and duration of combat
exposure), and traumatic brain injury (TBI) history (including number of concussions) were queried during the telephone interview. Beginning in January 2014, demographics,
educational attainment, and athletic and military history
were queried using an online questionnaire. Informantreported race was collected as part of demographic information so that neuropathological differences across race could
be assessed. To be considered a National Football League
(NFL) athlete, a participant must have played in at least
1 regular-season NFL game. Professional position and years
of play were verified using available online databases (http:
//www.pro-football-reference.com, http://databasefootball
.com, http://www.justsportsstats.com). History of TBI was
queried using informant versions of the Ohio State University
TBI Identification Method Short Form11 and 2 questionnaires
adapted from published studies that address military-related
head injuries and concussions.12,13 With the addition of these
questionnaires, informants were read a formal definition of
concussion prior to being asked about concussion history,
which was not the case prior to January 2014.

Neuropathological Evaluation
Pathological processing and evaluation were conducted
using previously published methods. 14,15 Brain volume
and macroscopic features were recorded during initial
processing. Twenty-two sections of paraffin-embedded tissue were stained for Luxol fast blue, hematoxylin and eosin,
Bielschowsky silver, phosphorylated tau (ptau) (AT8),
α-synuclein, amyloid-β, and phosphorylated transactive
response DNA binding protein 43 kDa (pTDP-43) using methods described previously.16 In some cases, large coronal slabs
of the cerebral hemispheres were also cut at 50 μm on a
sledge microtome and stained as free-floating sections using
AT8 or CP-13.16,17
A neuropathological diagnosis was made using criteria for CTE recently defined by the 2015 NINDS-NIBIB
Consensus Conference 8 and well-established criteria for
other neuropathological diseases, including AD,18,19 Lewy
body disease,20 frontotemporal lobar degeneration,21-25 and
motor neuron disease. 26, 27 Neuropathological criteria
for CTE require at least 1 perivascular ptau lesion consisting of ptau aggregates in neurons, astrocytes, and cell processes around a small blood vessel; these pathognomonic
CTE lesions are most often distributed at the depths of
the sulci in the cerebral cortex and are distinct from the
lesions of aging-related tau astrogliopathy.8 Supportive features for the diagnosis of CTE include ptau pretangles and
neurofibrillary tangles (NFTs) in superficial cortical layers
(layers II/III) of the cerebral cortex; pretangles, NFTs or
extracellular tangles in CA2 and CA4 of the hippocampus;
subpial ptau astrocytes at the glial limitans; and dot-like
ptau neurites.8
Chronic traumatic encephalopathy ptau pathology was
classified into 4 stages using previously proposed criteria.6
Briefly, stage I CTE is characterized by 1 or 2 isolated perivascular epicenters of ptau NFTs and neurites (ie, CTE
362

lesions) at the depths of the cerebral sulci in the frontal,
temporal, or parietal cortices. In stage II, 3 or more CTE
lesions are found in multiple cortical regions and superficial
NFTs are found along the sulcal wall and at gyral crests.
Multiple CTE lesions, superficial cortical NFTs, and diffuse
neurofibrillary degeneration of the entorhinal and perirhinal cortices, amygdala, and hippocampus are found in
stage III CTE. In stage IV CTE, CTE lesions and NFTs are
densely distributed throughout the cerebral cortex, diencephalon, and brain stem with neuronal loss, gliosis, and
astrocytic ptau pathology. Chronic traumatic encephalopathy pathology in stages I and II is considered to be mild and
in stages III and IV is considered to be severe.
Neuropathological evaluation was blinded to the clinical evaluation and was reviewed by 4 neuropathologists
(V.A., B.H., T.D.S., and A.M.); any discrepancies in the neuropathological diagnosis were solved by discussion and consensus of the group. In addition to diagnoses, the density of
ptau immunoreactive NFTs, neurites, diffuse amyloid-β
plaques, and neuritic amyloid-β plaques; vasc ular
amyloid-β; pTDP-43; and α-synuclein immunoreactive
Lewy bodies were measured semiquantitatively (0-3, with 3
being most severe) across multiple brain regions.
Descriptive statistics were generated using SPSS software version 20 (IBM Inc).

Results
Among the 202 deceased brain donors (median age at
death, 66 years [interquartile range [IQR], 47-76 years]),
CTE was neuropathologically diagnosed in 177 (87%;
median age at death, 67 years [IQR, 52-77 years]; mean
years of football participation, 15.1 [SD, 5.2]; 140 [79%] selfidentified as white and 35 [19%] self-identified as black),
including 0 of 2 pre–high school, 3 of 14 high school (21%),
48 of 53 college (91%), 9 of 14 semiprofessional (64%),
7 of 8 Canadian Football League (88%), and 110 of 111 NFL
(99%) players.
The median age at death for participants with mild CTE
pathology (stages I and II) was 44 years (IQR, 29-64 years)
and for participants with severe CTE pathology (stages III
and IV) was 71 years (IQR, 64-79 years). The most common
cause of death for participants with mild CTE pathology
was suicide (12 [27%]) and for those with severe CTE pathology was neurodegenerative (ie, dementia-related and
parkinsonian-related causes of death) (62 [47%]). The severity of CTE pathology was distributed across the highest level
of play, with all former high school players having mild
pathology (3 [100%]) and the majority of former college
(27 [56%]), semiprofessional (5 [56%]), Canadian Football
League (6 [86%]), and NFL (95 [86%]) players having
severe pathology. The mean duration of play for participants with mild CTE pathology was 13 years (SD, 4.2 years)
and for participants with severe CTE pathology was 15.8
years (SD, 5.3 years) (Table 1).
In all cases, perivascular clusters of ptau immunoreactive NFTs diagnostic for CTE (ie, CTE lesions)8 were found in
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Table 1. Demographic and Exposure Characteristics of 177 American Football Players Diagnosed With CTE,
Stratified by Neuropathological Severitya
No. (%) of Brain Donorsb
Characteristics

Mild CTE
(n = 44)

Severe CTE
(n = 133)

Total
(n = 177)

Men

44 (100)

133 (100)

177 (100)

White

35 (80)

105 (79)

140 (79)

Black

8 (18)

27 (20)

35 (19)

Pacific Islander

0

1 (1)

1 (1)

Asian

0

0

0

Other

0

0

0

Unknown

1 (2)

0

1 (1)

Race

Age at death, median (IQR), y

44 (29-64)

71 (64-79)

67 (52-77)

69 (39)

Cause of death
Neurodegenerativec

7 (16)

62 (47)

Cardiovascular disease

5 (11)

29 (22)

34 (19)

Suicide

12 (27)

6 (5)

18 (10)

Cancer

2 (5)

10 (8)

12 (7)

Motor neuron disease

4 (9)

7 (5)

11 (6)

Unintentional overdose

3 (7)

4 (3)

7 (4)

Injury

2 (5)

3 (2)

5 (3)

Other

9 (21)

12 (9)

21 (12)

50.5 (12-163)

70 (12-150)

Concussion count, median (IQR)d
Definition provided (n = 99)

90 (22-150)

No definition provided (n = 61)

2.5 (0-5)

8 (1-19)

5 (1-13)

Age at first exposure to football, median (IQR), y

10 (8-14)

13 (10-14)

12 (10-14)

Duration of play, mean (SD), y

13 (4.2)

15.8 (5.3)

15.1 (5.2)

Highest level of play
Youth

0

0

0

High school

3 (7)

0

3 (2)

College

21 (48)

27 (20)

Semiprofessional

4 (9)

5 (4)

9 (5)

Canadian Football League

1 (2)

6 (5)

7 (4)

National Football League

15 (34)

95 (71)

110 (62)

Offensive lineman

8 (18)

29 (22)

37 (21)

Defensive lineman

8 (18)

27 (20)

35 (20)

Running back

4 (9)

27 (20)

31 (18)

Abbreviations: CTE, chronic
traumatic encephalopathy; IQR,
interquartile range.
a

Mild CTE (CTE neuropathological
stages I and II) is characterized by
sparse to frequent perivascular CTE
lesions at the sulcal depths of the
cerebral cortex. Severe CTE (CTE
neuropathological stages III and IV)
consists of multiple CTE lesions in
the cerebral cortex and moderate to
severe neurofibrillary degeneration
of medial temporal lobe,
diencephalon, and brain stem.

b

Data are expressed as No. (%)
unless otherwise indicated.

c

Includes dementia-related
and parkinsonian-related causes
of death.

d

Median estimates of the number
of concussions reported
per participant. Beginning
in 2014, informants were read
a formal definition of concussion
prior to being asked about
concussion history.

48 (27)

Primary position at highest level of play

Linebacker

12 (27)

14 (11)

26 (15)

Defensive back

4 (9)

18 (14)

22 (12)

Quarterback

2 (5)

11 (8)

13 (7)

Tight end

1 (2)

6 (5)

7 (4)

Wide receiver

3 (7)

1 (1)

4 (2)

Kicker or punter

2 (5)

0

2 (1)

Other special teams

0

Military veteran

5 (11)

0

the cerebral cortex (Figure 1 and Figure 2). In cases with
mild CTE pathology (stages I and II), isolated perivascular
CTE lesions were found at the sulcal depths of the cerebral
cortex, most commonly in the superior and dorsolateral
frontal cortices, but also in the lateral temporal, inferior
parietal, insula, and septal cortices (Figure 1). Neurofibrillary tangles were sparse in other cortical regions, and there
was no diffuse neurofibrillary degeneration of the medial
jama.com

0

40 (30)

45 (25)

temporal lobe structures (Figure 1, open arrowheads). Neurofibrillary tangles were also found in the locus coeruleus,
substantia nigra, and substantia innominata (Figure 3) in
mild CTE. In cases with severe CTE pathology, perivascular
CTE lesions were large and confluent (Figure 2). Neurofibrillary tangles were widely distributed in the superficial laminae of cortical regions and there was severe neurofibrillary
degeneration of the medial temporal lobe structures,
(Reprinted) JAMA July 25, 2017 Volume 318, Number 4
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Figure 1. Representative Images of Phosphorylated Tau Pathology at CTE Pathological Stages I and II
A Stage I CTE

100 μm
B

Stage II CTE

100 μm
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CTE indicates chronic traumatic encephalopathy; NFT, neurofibrillary tangle;
ptau, phosphorylated tau. For all images, 10-μm paraffin-embedded tissue
sections were immunostained with microscopic mouse monoclonal antibody
for phosphorylated tau (AT8) (Pierce Endogen). Positive ptau immunostaining
appears dark red, hematoxylin counterstain; calibration bar indicates 100 μm.
Stage I CTE is characterized by 1 or 2 isolated perivascular epicenters of ptau
NFTs and neurites (ie, CTE lesions) at the depths of the cortical sulci. In stage II,
3 or more cortical CTE lesions are found. All hemispheric tissue section images
are 50-μm sections immunostained with mouse monoclonal antibody CP-13,
directed against phosphoserine 202 of tau (courtesy of Peter Davies, PhD,
Feinstein Institute for Medical Research; 1:200); this is considered to be an early

site of tau phosphorylation in NFT formation.28 Positive ptau immunostaining
appears dark brown. A, Former college football player with stage I CTE. Two
perivascular ptau CTE lesions are evident at sulcal depths of the frontal cortex;
there is no neurofibrillary degeneration in the medial temporal lobe (open
arrowhead). Perivascular CTE lesion: neurofibrillary tangles and dot-like and
threadlike neurites encircle a small blood vessel. B, Former NFL player with
stage II CTE. There are multiple perivascular ptau CTE lesions at depths of sulci
of the frontal cortex; there is no neurofibrillary degeneration in the medial
temporal lobe (open arrowhead). Perivascular CTE lesion: a cluster of NFTs and
large dot-like and threadlike neurites surround a small blood vessel.

including the hippocampus, amygdala, and entorhinal cortex (Figure 2, black arrowheads, and Figure 3). Neurofibrillary tangles were also frequent in the thalamus, nucleus
basalis of Meynert, substantia innominata, substantia nigra,
and locus coeruleus in severe CTE (Figure 3).
Deposition of amyloid-β was present in a subset of participants at all stages of CTE pathology, predominantly as
diffuse amyloid-β plaques, but neuritic amyloid-β plaques
and amyloid angiopathy were also present. In stage IV CTE,
amyloid-β deposition occurred in 52 cases (91%). Deposition
of TDP-43 and α-synuclein were found in all stages of CTE
pathology; TDP-43 deposition occurred in 47 (83%) and
α-synuclein deposition occurred in 23 (40%) stage IV CTE
cases (Table 2).
Among the 25 football players without CTE, 9 showed
no pathological abnormalities and 7 showed nonspecific
changes; eg, hemosiderin-laden macrophages (n = 7) and
axonal injury (n = 5). Other diagnoses included vascular
pathology (n = 4), unspecified tauopathy not meeting crite-

ria for CTE (n = 3), AD (n = 2), argyrophilic grain disease
(n = 1), and Lewy body disease (n = 1).
Data on informants were collected beginning in 2014.
The median number of participating informants was 2
(IQR, 1-3) per participant. Among all of the interviews,
71 (64%) included a spouse/partner, 56 (51%) included an
adult child, 27 (24%) included a sibling, 16 (14%) included
a parent, 13 (12%) included a non–first-degree relative, 8
(7.2%) included a neighbor or friend, and 4 included other
informants. Among the informants who knew the participant the longest, the mean relationship length was 45.8
years (SD, 1.5 years).
Among the 111 CTE cases with standardized informant
reports on clinical symptoms, a reported progressive clinical
course was common in participants with both mild and
severe CTE pathology, occurring in 23 (85%) mild cases
and 84 (100%) severe cases (Table 3). Behavioral or mood
symptoms were common in participants with both mild and
severe CTE pathology, with symptoms occurring in 26
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Figure 2. Representative Images of Phosphorylated Tau Pathology at CTE Pathological Stages III and IV
A Stage III CTE

100 μm
B

Stage IV CTE

100 μm

CTE indicates chronic traumatic encephalopathy; NFT, neurofibrillary tangle;
ptau, phosphorylated tau. For all images, 10-μm paraffin-embedded tissue
sections were immunostained with microscopic mouse monoclonal antibody
for phosphorylated tau (AT8) (Pierce Endogen). Positive ptau immunostaining
appears dark red, hematoxylin counterstain; calibration bar indicates 100 μm.
In stage III CTE, multiple CTE lesions and diffuse neurofibrillary degeneration
of the medial temporal lobe are found. In stage IV CTE, CTE lesions and NFTs
are widely distributed throughout the cerebral cortex, diencephalon,
and brain stem.6 All hemispheric tissue section images are 50-μm sections
immunostained with mouse monoclonal antibody CP-13, directed against
phosphoserine 202 of tau (courtesy of Peter Davies, PhD, Feinstein Institute
for Medical Research; 1:200); this is considered to be an early site of

tau phosphorylation in NFT formation.28 Positive ptau immunostaining appears
dark brown. A, Former NFL player with stage III CTE. There are multiple large
CTE lesions in the frontal cortex and insula; there is diffuse neurofibrillary
degeneration of hippocampus and entorhinal cortex (black arrowhead).
Perivascular CTE lesion: a dense collection of NFTs and large dot-like and
threadlike neurites enclose several small blood vessels. B, Former NFL player
with stage IV CTE. There are large, confluent CTE lesions in the frontal,
temporal, and insular cortices and there is diffuse neurofibrillary degeneration
of the amygdala and entorhinal cortex (black arrowhead). Perivascular CTE
lesion: a large accumulation of NFTs, many of them ghost tangles, encompass
several small blood vessels.

(96%) mild cases and 75 (89%) severe cases. Impulsivity,
depressive symptoms, apathy, and anxiety occurred in 23
(89%), 18 (67%), 13 (50%), and 14 (52%) mild cases and 65
(80%), 46 (56%), 43 (52%), and 41 (50%) severe cases,
respectively. Additionally, hopelessness, explosivity, being
verbally violent, being physically violent, and suicidality
(including ideation, attempts, or completions) occurred in
18 (69%), 18 (67%), 17 (63%), 14 (52%), and 15 (56%) mild
cases, respectively. Substance use disorders were also common in participants with mild CTE, occurring in 18 (67%)
mild cases. Symptoms of posttraumatic stress disorder were
uncommon in both groups, occurring in 3 (11%) mild cases
and 9 (11%) severe cases.
Cognitive symptoms were common in participants with
both mild and severe CTE pathology, with symptoms occurring in 23 (85%) mild cases and 80 (95%) severe cases.
Memory, executive function, and attention symptoms
occurred in 19 (73%), 19 (73%), and 18 (69%) mild cases and
76 (92%), 67 (81%), and 67 (81%) severe cases, respectively.

Additionally, language and visuospatial symptoms occurred
in 54 (66%) and 44 (54%) severe cases, respectively. A
premortem diagnosis of AD and a postmortem (but blinded
to pathology) consensus diagnosis of dementia were common in severe cases, occurring in 21 (25%) and 71 (85%),
respectively. There were no asymptomatic (ie, no mood/
behavior or cognitive symptoms) CTE cases. Motor symptoms were common in severe cases, occurring in 63 (75%).
Gait instability and slowness of movement occurred in 55
(66%) and 42 (50%) severe cases, respectively. Symptom
frequencies remained similar when only pure CTE cases
(ie, those with no neuropathological evidence of comorbid
neurodegenerative disease) were considered (eTable in the
Supplement).
Among the 111 CTE cases with standardized informant
reports on clinical symptoms, 47 (42.3%; median age at
death, 76 years [IQR, 63-81 years]) initially presented with
cognitive symptoms, 48 (43.2%; median age at death, 66
years [IQR, 54-73 years]) initially presented with behavior or
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Figure 3. Phosphorylated Tau Pathology for Each Brain Region by CTE Neuropathological Stage
Brain Region
CTE
Stage

No. of
Donors

Frontal

Temporal

Parietal

Septal

Insula

Entorhinal

Amygdala

Hippocampus

Thalamus

SI

SN

LC

1

11

1.1

0.6

0.2

0.4

0.3

0.6

0.4

0.1

0.3

0.5

0.6

0.9

0

2

33

1.6

1.4

1.3

1.2

1.1

1.4

1.1

0.7

0.9

1.3

1.0

2.0

0.2

3

76

2.2

2.1

1.6

2.0

2.1

2.6

2.3

2.1

1.4

2.3

1.8

2.5

0.3

4

57

2.8

2.7

2.6

2.7

2.8

2.8

2.8

2.4

2.2

2.7

2.5

2.5

0.6

177

2.2

2.1

1.8

2.0

2.1

2.3

2.1

1.8

1.5

2.1

1.8

2.3

0.3

Total

Cerebellum

Mean phosphorylated tau pathology

0

2

3

CTE indicates chronic traumatic encephalopathy; NFT: neurofibrillary tangle,
SI: substantia innominata, SN: substantia nigra; LC: locus coeruleus. Cerebellum
indicates dentate nucleus of the cerebellum. In each region, 0 = no NFTs
(yellow); 1 = 1 NFT per 20× field (orange); 2 = 2 to 3 NFTs per 20× field (amber);

and 3 = ⱖ4 NFTs per 20× field (red). The color scale is based on the distribution
of all values, not by each individual stage. Values represent means of
phosphorylated tau pathology among participants in each stage.

mood symptoms, and 16 (14.4%; median age at death, 65.5
years [IQR, 39-78]) initially presented with both cognitive
symptoms and behavior or mood symptoms. Forty (85%) of
those initially presenting with only cognitive symptoms
were reported to have behavior or mood symptoms at the
time of death and 43 (90%) of those initially presenting with
only behavior or mood symptoms were reported to have
cognitive symptoms at the time of death. Dementia was
present at the time of death in 36 (77%) of those initially
presenting with cognitive symptoms, 33 (69%) of those initially presenting with behavior or mood symptoms, and 11
(69%) of those initially presenting with both cognitive and
behavior or mood symptoms.
The most common primary cause of death was neurodegenerative for all 3 groups (cognitive, 26 [55%]; behavior
or mood, 16 [33%]; both cognitive and behavior or mood, 6
[38%]). Substance use disorders, suicidality, and family history of psychiatric illness were common among those who
initially presented with behavior or mood symptoms, occurring in 32 (67%), 22 (47%), and 23 (49%) cases, respectively.

ticipation in football and that a high level of play may be
related to substantial disease burden. Several other footballrelated factors may influence CTE risk and disease severity,
including but not limited to age at first exposure to football,
duration of play, player position, cumulative hits, and linear
and rotational acceleration of hits. Recent work in living former football players has shown that age at first exposure
may be related to impaired cognitive performance29 and
altered corpus callosum white matter30 and that cumulative
hits may be related to impairment on self-report and objective measures of cognition, mood, and behavior,31 although
it is unclear if any of these outcomes are related to CTE
pathology. Furthermore, it is unclear if symptomatic hits
(concussions) are more important than asymptomatic hits
resulting in subconcussive injury. As with other neurodegenerative diseases, age may be related to risk and pathological severity in CTE. It will be important for future studies to resolve how different measures of exposure to
football and age influence the outcome.
In cases with severe CTE pathology, accumulations of
amyloid-β, α-synuclein, and TDP-43 were common. These
findings are consistent with previous studies that show deposition of multiple neurodegenerative proteins after exposure to TBI32 and with work showing that neuritic amyloid-β
plaques are associated with increased CTE neuropathological stage. 33 Diagnoses of comorbid neurodegenerative
diseases, including AD, Lewy body disease, motor neuron
disease, and frontotemporal lobar degeneration, were also
common in cases with severe CTE pathology. Overall, 19%
of participants with CTE had comorbid Lewy body disease,
which aligns with a recent observation by Crane et al 34
regarding the increased prevalence of Lewy body pathology
after single TBI. Chronic traumatic encephalopathy was not
assessed in the analysis by Crane et al; to investigate the
possibility of CTE after single TBI would require more
extensive sampling of the depths of the cortical sulci with
ptau immunostaining, as silver stains typically do not
detect CTE pathology.

Discussion
In a convenience sample of 202 deceased former players of
American football who were part of a brain donation program, a high proportion were diagnosed neuropathologically with CTE. The severity of CTE pathology was distributed across the highest level of play, with all former high
school players having mild pathology and the majority of
former college, semiprofessional, and professional players
having severe pathology. Behavior, mood, and cognitive
symptoms were common among those with mild and severe
CTE pathology and signs of dementia were common among
those with severe CTE pathology.
Nearly all of the former NFL players in this study had
CTE pathology, and this pathology was frequently severe.
These findings suggest that CTE may be related to prior par366
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Pure CTE is defined as CTE with no neuropathological evidence of other comorbid neurodegenerative disease.
a

98 (55)

27 (47)

Stage I CTE is characterized by 1 or 2 perivascular CTE lesions at the depths of the cerebral sulci in the cerebral
cortex. In stage II, 3 or more CTE lesions are found in multiple cortical regions. In stage III CTE, many CTE lesions,
superficial cortical neurofibrillary tangles, and diffuse neurofibrillary degeneration of the entorhinal and
perirhinal cortices, amygdala, and hippocampus are found. In stage IV CTE, CTE lesions and neurofibrillary
tangles are densely distributed throughout the cerebral cortex, diencephalon, and brain stem with neuronal loss,
gliosis, and astrocytic phosphorylated tau pathology.
Abbreviations: AA, amyloid angiopathy; Aß, amyloid-β; AD, Alzheimer disease; αs, α-synuclein immunopositive
Lewy bodies; CTE, chronic traumatic encephalopathy diagnosed neuropathologically; DP, diffuse Aß plaques;
FTLD-tau, frontotemporal lobar degeneration-tau; FTLD TDP-43, frontotemporal lobar degeneration TDP-43;
IQR, interquartile range; LBD, Lewy body disease; MND, motor neuron disease; NP, neuritic Aß plaques;
TDP-43, TDP-43 immunopositive neurites or inclusions.

11 (6)
6 (3)
8 (5)
34 (19)
23 (13)
43 (24)
85 (48)
69 (39)
73 (41)
103 (58)
107 (61)
67 (53-78)
177

42 (55)

57
4

Total

1 (2)

6 (8)
3 (4)

2 (4)
5 (9)

1 (1)
15 (20)

16 (28)
18 (32)

4 (5)
16 (21)

23 (40)
47 (83)

26 (34)
29 (38)

32 (56)
42 (74)

25 (33)
41 (54)

52 (91)
52 (91)

45 (59)
76
3

76 (69-82)

33
2

67 (57-78)

21 (64)

8 (73)
0

4 (12)
1 (3)

0
1 (9)

1 (3)
2 (6)

1 (9)
0

1 (3)
3 (9)

1 (9)
2 (18)

10 (30)
7 (21)

1 (9)
1 (9)

5 (15)
8 (24)

2 (18)
2 (18)
11
1

36 (25-56)

8 (24)

αs
TDP-43
DP

NP

AA
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49 (29-65)

FTLD TDP-43 FTLD-Tau
AD
Aß

LBD

Other Neuropathological Diagnoses, No. (%)
Neuropathological Features, No. (%)

Age at Death,
Median (IQR), y
No. of
Brain Donors
CTE
Stage

Table 2. Neuropathological Findings in 177 American Football Players, Stratified by Severity of Phosphorylated Tau Pathology (CTE Stage)a

MND

Pure CTE,
No. (%)

Evaluation of Chronic Traumatic Encephalopathy in Football Players
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Behavioral, mood, and cognitive symptoms were common among participants with either mild or severe CTE pathology. In participants with severe CTE pathology, there was
marked ptau pathology in brain regions that have been associated with symptoms frequently reported: impulsivity, depressive symptoms, apathy, anxiety, and explosivity (prefrontal cortex, amygdala, locus coeruleus); episodic memory
symptoms (hippocampus and entorhinal and perirhinal cortices); and attention and executive function symptoms
(prefrontal cortex). Participants with mild CTE pathology often had these symptoms despite having relatively circumscribed cortical pathology and absence of ptau pathology in
the hippocampus, entorhinal cortex, or amygdala. This may
suggest that other pathologies not captured by the pathological data set, such as neuroinflammation, axonal injury, or
astrocytosis, or pathologies in neuroanatomical regions not
evaluated contribute to these clinical symptoms. Microglial
neuroinflammation appears to precede tau accumulation in
CTE,35 suggesting it may play a role in early symptoms.
Informants reported that 43% of participants had behavior or mood symptoms as their initial presentation. Many of
these participants had a substance use disorder, demonstrated suicidality, or had a family history of psychiatric illness. Behavior or mood symptoms may be the initial presentation for a subset of individuals with CTE, or alternatively, CTE
ptau pathology may lower the threshold for psychiatric manifestations in susceptible individuals. These clinical observations confirm and expand on previous reports of 2 primary
clinical presentations of CTE.9
There is substantial evidence that CTE is a progressive,
neurodegenerative disease. In this study, 107 participants
(96%) had a progressive clinical course based on informant
report. In addition, pathological severity of CTE was correlated with age at death (Table 3). However, a postmortem
study evaluates brain pathology at only 1 time point and is
by definition cross-sectional. In addition, the participants
were not observed longitudinally during life. Although associations with age in cross-sectional samples can result from
age-related progression within individuals, they can also
arise from birth cohort effects, differential survival, or agerelated differences in how individuals were selected into the
study. Population-based prospective studies are needed to
address the issue of progression of CTE pathology and age at
symptom onset.
The strengths of this study are that this is the largest CTE
case series ever described to our knowledge, more than doubling the size of the 2013 report,6 and that all participants were
exposed to a relatively similar type of repetitive head trauma
while playing the same sport. In addition, the comprehensive
neuropathological evaluation and retrospective clinical data
collection were independently performed while blinded to the
findings of the other investigators.
This study had several limitations. First, a major limitation is ascertainment bias associated with participation in
this brain donation program. Although the criteria for participation were based on exposure to repetitive head trauma
rather than on clinical signs of brain trauma, public awareness of a possible link between repetitive head trauma and
(Reprinted) JAMA July 25, 2017 Volume 318, Number 4
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Table 3. Clinical Features Reported in 111 American Football Players Diagnosed as Having CTE,
Stratified by Neuropathological Severitya
No. (%) of Brain Donors
Clinical Features

Mild CTE

Severe CTE

Progressive course

23 (85)

84 (100)

Total
107 (96)

Cognitive symptomsb

23 (85)

80 (95)

103 (93)

Memory

19 (73)

76 (92)

95 (86)

Executive function

19 (73)

67 (81)

86 (79)

Attention

18 (69)

67 (81)

85 (78)

Language

10 (39)

54 (66)

64 (59)

Visuospatial

7 (27)

44 (54)

51 (47)

Fluctuating cognition

2 (8)

17 (21)

19 (18)

Dementiab

9 (33)

71 (85)

80 (72)

26 (96)

75 (89)

101 (91)

Impulsivity

23 (89)

65 (80)

88 (82)

Depressive symptoms

18 (67)

46 (56)

64 (59)

Explosivity

18 (67)

38 (45)

56 (51)

Behavioral or mood symptomsb

Apathy

13 (50)

43 (52)

56 (51)

Anxiety

14 (52)

41 (50)

55 (51)

Hopelessness

18 (69)

36 (46)

54 (52)

Verbal violence

17 (63)

28 (34)

45 (41)

Social inappropriateness

13 (48)

26 (32)

39 (36)

Physical violence

14 (52)

23 (28)

37 (34)

Paranoia

11 (41)

26 (31)

37 (34)

Suicidality (ideation, attempts, or completions)

15 (56)

21 (25)

36 (33)

Visual hallucinations

6 (23)

22 (27)

28 (26)

Mania

6 (22)

3 (4)

9 (8)

3 (11)

9 (11)

12 (11)

18 (67)

41 (49)

59 (53)

Abbreviation: CTE, chronic traumatic
encephalopathy.

13 (50)

31 (37)

44 (41)

a

4 (5)

4 (4)

There were 111 participants with
standardized informant reports,
including 27 participants with mild
CTE and 84 participants with severe
CTE. Sample sizes differed across
clinical features because features
marked as unknown by the clinician
were excluded. For participants with
mild CTE, sample sizes ranged from
25 to 27 and for participants with
severe CTE, sample sizes ranged
from 78 to 84. Mild CTE (CTE
neuropathological stages I and II) is
characterized by sparse to frequent
perivascular CTE lesions at the sulcal
depths of the cerebral cortex.
Severe CTE (CTE neuropathological
stages III and IV) consists of multiple
CTE lesions in the cerebral cortex
and moderate to severe
neurofibrillary degeneration of
medial temporal lobe,
diencephalon, and brain stem.

b

Symptoms were present in the last
year of life.

Posttraumatic stress disorder
(exposure and symptoms consistent with)
Substance use disorder
Alcohol
Anabolic steroid

0

Other

14 (54)

23 (28)

37 (34)

13 (48)

63 (75)

76 (68)

Gait instability

7 (26)

55 (66)

62 (56)

Slowness

5 (19)

42 (50)

47 (42)

Coordination difficulties

7 (26)

38 (45)

45 (41)

Falls

4 (15)

39 (46)

43 (39)

Tremor

5 (19)

33 (39)

38 (34)

Motor symptomsb

Dysphagia

3 (11)

14 (18)

17 (16)

Dysarthria

5 (19)

10 (13)

15 (14)

8 (30)

11 (14)

19 (18)

Motor neuron disease

1 (4)

3 (4)

4 (4)

Parkinson disease

1 (4)

5 (6)

6 (6)

Alzheimer disease

1 (4)

21 (25)

22 (20)

Obstructive sleep apnea (diagnosis or symptoms)

7 (27)

36 (46)

43 (41)

Rapid eye movement sleep behavior disorder
(diagnosis or symptoms)

7 (27)

23 (29)

30 (29)

Headache
Diagnoses in life

CTE may have motivated players and their families with
symptoms and signs of brain injury to participate in this
research. Therefore, caution must be used in interpreting
the high frequency of CTE in this sample, and estimates of
prevalence cannot be concluded or implied from this
368

sample. Second, the VA-BU-CLF brain bank is not representative of the overall population of former players of American football; most players of American football have played
only on youth or high school teams, but the majority of the
brain bank donors in this study played at the college or
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professional level. Additionally, selection into brain banks is
associated with dementia status, depression status, marital
status, age, sex, race, and education. 36 Third, this study
lacked a comparison group that is representative of all individuals exposed to American football at the college or professional level, precluding estimation of the risk of participation in football and neuropathological outcomes.
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Conclusions
In a convenience sample of deceased football players who
donated their brains for research, a high proportion had neuropathological evidence of CTE, suggesting that CTE may be
related to prior participation in football.
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