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Abstract Chronic traumatic encephalopathy (CTE) is a pro-
gressive neurodegenerative disorder attributed to repetitive
mild traumatic brain injury. The diagnosis in a living individ-
ual can be challenging and can be made definitively only at
autopsy. The symptoms are often nonspecific and overlap
with neurodegenerative disorders such as Alzheimer’s disease
(AD) and frontotemporal dementia (FTD). Higher exposure to
repetitive head trauma increases the risk of CTE. Genetic risk
factors such as presence of an apolipoprotein E ε4 allele may
be important. Individuals have varying degrees of cognitive,
behavioral, and motor decline. Limitations in the manner in
which data have been obtained over the years have led to
different clinical descriptions of CTE. At present, there are
no biomarkers to assist in the diagnosis. Standard neuroimag-
ing may show nonspecific atrophic changes; however, newer
imaging modalities such as positron emission tomography
(PET) and diffusion tensor imaging (DTI) show promise.
Neuropsychological testing may be helpful in determining
the pattern of cognitive or behavioral decline.
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Introduction

The high-profile deaths of several athletes over the past few
years have drawn considerable media attention to chronic trau-
matic encephalopathy (CTE), a disease described in boxers
under various other names since 1928 [1]. It has been identified
in participants of contact sports, war veterans, and victims of
physical abuse [2]. Fear of permanent neurologic injury may be
causing a decline in participation in contact sports.

Despite over 86 years of medical literature, the syndrome
remains diagnostically elusive and somewhat controversial.
Exposure to repetitive mild traumatic brain injuries is believed
to precipitate varying degrees of cognitive, behavioral, and/or
motor impairment supported by a specific pattern of tau depo-
sition and neurodegeneration found on autopsy of the brains
of affected individuals [2, 3]. There is considerable focus on
concussion as a putative risk factor; however, multiple
subconcussions are also important [4]. Despite the associa-
tions of repetitive head trauma and CTE, there are currently
no carefully controlled studies documenting sports-related re-
petitive head trauma as a cause of late-life cognitive or neuro-
psychiatric impairment [5].

Diagnosing CTE in a living individual is challenging. This
paper will review the evolution of the concept of CTE, clini-
copathological presentation, and neurodiagnostic studies. We
will also point out limitations to the current model of CTE.

Definition

CTE is a progressive neurodegenerative disorder presumably
caused by multiple mild traumatic brain injuries [2, 3, 6]. It is
been described in boxing, American football, soccer, ice hock-
ey, professional wrestling, rugby, and baseball [7••]. It has also
been described in war veterans, victims of domestic abuse,
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epileptics, and a circus clown [2, 8]. Individuals present with a
variety of cognitive, behavioral, and motor symptoms.

The syndrome is often difficult to identify clinically due to a
broad range of often nonspecific signs and symptoms as well as
multiple overlapping disorders. Individuals who sustain a con-
cussion often have transient symptoms following the injury last-
ing days or weeks. These symptoms may include the following:
headache, fatigue, depression, cognitive slowing, and poor con-
centration. In 80–90 % of individuals, these symptoms resolve
spontaneously in 7 to 10 days [9–11]. A minority of individuals
will have persistence of these symptoms, referred to as
postconcussion syndrome (PCS). Defining the time that symp-
toms of concussion become PCS has been debated. DSM IV
defines PCS as at least 3-month duration of three or more of
the following symptoms: fatigue, disordered sleep, headache,
vertigo/dizziness, anxiety or depression, personality changes,
and/or apathy [12, 13]. Although the vast majority of individuals
recover within 1 year, it is estimated that 10–15 % of individuals
(nonathletes) have symptoms persisting greater than 1 year after
injury [14, 15]. It is suggested that secondary gain, premorbid
depression, and posttraumatic stress disorder may ac-
count for some of this persistence [16, 17].

Chronic postconcussion syndrome (CPCS) is used to de-
scribe the uncommon phenomenon in which these symptoms
do not resolve [3]. The incidence of CPCS due to athletic
injuries is unknown. Investigations into the incidence of indi-
viduals with postconcussive symptoms lasting more than a
year have not been limited to athletes [16, 17]. CPCS can be
distinguished clinically from CTE by history. CPCS has an
acute onset related to a single concussive event whereas CTE
is more indolent and may begin years after retirement [3].
Those individuals with a static encephalopathy due to a single
severe traumatic brain injury do not have the latent period
although later progression later progression may be seen [18].

History

In 1928, Harrison Martland drew attention to a syndrome of
cognitive and motor decline that was well known in the box-
ing community [1]. In his article BPunch drunk,^ he described
the typical course beginning with slight mental confusion and
motor slowing progressing to more severe motor disability
and mental deterioration, at times necessitating commitment
to an asylum. The term punch drunk was one of many unflat-
tering terms used by the boxing community at the time to
describe afflicted individuals. The terminology has evolved
since then. In 1934, Parker [20] used the term Btraumatic
encephalopathy^whileMillspaugh coined the term Bdementia
pugilistica^ in 1937 [21]. In 1957, Critchley suggested
Bchronic progressive traumatic encephalopathy^ [22]. Later,
Bchronic traumatic encephalopathy^ was used, as progression
was not always clear [23].

Most of the early literature centered on CTE in boxers.
Typical publications were case reports and case series using
clinical and historical descriptions of former boxers given the
diagnosis of CTE. At least one large cross-sectional study was
published [19]. Pathologic correlation was limited. Corsellis
published the neuropathological findings of the brains of 15
ex-boxers in 1973; however, clinical information was obtain-
ed postmortem [24].

It was suspected that CTE was not an isolated syndrome in
boxers. Studies on former Norwegian professional soccer
players revealed neuropsychological impairment, cerebral at-
rophy on CT, and EEG abnormal i t i es [25–27] .
Neurocognitive dysfunction was also found in professional
and amateur soccer players in the Netherlands [28, 29].

In 2005, Omalu published the first case of CTE in a former
National Football League (NFL) player [30]. Since then, there
have been a multitude of reports and pathologic series of for-
mer American football players as well as athletes from other
contact sports, war veterans, and others subjected to repetitive
head trauma diagnosed with CTE based on pathologic find-
ings [2, 3, 31, 32•]. Unlike many of the earlier reports on
boxers [19–23], clinical information in the pathology articles
was gathered retrospectively (postmortem) from family inter-
views and, in some cases, medical record reviews, imparting a
substantial risk of recall bias. The older literature, on the other
hand, is hindered by lack of pathologic confirmation.

Epidemiology

The incidence of CTE in sports is unknown and cannot be
determined based on the available literature. In 1969, Roberts
randomly selected 250 of 16,781 professional boxers who
were licensed to box from 1929 to 1955. They were able to
examine 224 fighters. From this sample, the estimated preva-
lence of CTE was 17 % [19]. Clausen suggested that this
prevalence may be an overestimation in current boxers, as
exposure has decreased considerably since the 1920s and
1930s. Between the years 1900–1955, the average boxing
career length decreased from 19 to 5 years in 2002. At the
same time, the number of bouts decreased from an average of
336.5 to 13.3 [33]. Conversely, diagnostic criteria in Roberts’
study were not clearly defined and may have been more rigid
than the current definition. In addition, more attention was
paid to motor signs than to behavioral or cognitive changes,
which may miss those with a milder syndrome, leaving open
the possibility of underestimation.

The prevalence of CTE in retired athletes in other contact
sports has not been determined, and large population-based
studies are needed. An Olmsted County cohort of 438 male
students who played football from 1946 to 1956 was com-
pared with 140 nonfootball playing male classmates. By chart
review, there was no increased risk of dementia, Parkinson

23 Page 2 of 8 Curr Neurol Neurosci Rep (2015) 15: 23



disease, or amyotrophic lateral sclerosis [34]. However, in con-
trast, Lehman et al. reported a higher mortality rate from AD and
motor neuron disease (MND) among retired professional football
players compared to the US population [35].

The primary risk factor appears to be exposure to repetitive
concussive and subconcussive blows. In boxers, those with lon-
ger careers are at greater risk. Those who retired after the age of
28 had career durations greater than 10 years, and those who had
more than 150 bouts were at greater risk [19]. Higher weight
classes [19] and poor technique [22] are also risk factors.

Exposure may be a risk in American football as well. Of
former players who responded to questionnaires, those who
reported three or more concussions were more likely to have
been diagnosed with depression or have self-reported memory
impairment [36–38]. Career length in football players was
positively correlated with pathologic CTE stage at postmor-
tem examination [7••].

Genetic risk factors in the development of CTE are not
clearly delineated. The presence of the apolipoprotein E
(APOE) ε4 allele may increase the risk of chronic traumatic
brain injury (CTBI) in athletes. In boxers with >12 profession-
al fights, those subjects with at least one APO E ε4 allele had
significantly more neurological impairment. Subjects with
<12 fights had significantly less neurological impairment, re-
gardless of APOE genotype. In addition, all boxers with se-
vere impairment had at least one APO ε4 allele [39]. In a study
of 53 active professional football players, older players with
an APO ε4 allele had lower cognitive performance than com-
parably experienced players without an APO ε4 allele [40].
This association is not as well established in pathologic series.
In a large series of pathologically confirmed CTE, the propor-
tion carrying 1 APOE ε4 did not differ from the general pop-
ulation [7••]. In a subset of that same series, however, the
proportion of APOE ε4 homozygotes were higher than ex-
pected in the general population. In addition, the proportion
was higher in those who presented with cognitive dysfunction
compared to those who presented with behavioral or mood
dysfunction [41••].

Clinicopathological Presentation

The clinical description of CTE has evolved since Martland
published his report in 1928. Earlier publications contained
more severely affected boxers [1, 19, 20, 22]. More recent
reports describe individuals from a broader athletic back-
ground who may not be as severely affected [7••, 32•]. The
term dementia pugilistica may still be used for severe demen-
tia that following a long boxing career [3, 18, 42].

On review of the literature to date, it is clear that the clinical
presentation can be quite variable. Behavioral and mood
symptoms are often early signs and often occur earlier than
cognitive decline [41••]. These may be difficult to distinguish

from premorbid personality traits, as well as more commonly
occurring affective disorders found in young adults. In early
CTE, affective disturbances including euphoria and hypoma-
nia may predominate [43]. As this progresses, disinhibition,
paranoia, irritability, and violent outbursts may occur [35].
Substance abuse and morbid jealousy are seen [42]. In a study
of impulsiveness in professional boxers and mixed martial arts
fighters, there was an increase in impulsiveness scores with
greater fight exposure [44].

Suicide is a frequent cause for presentation to pathologic
study. In the series of McKee [7••], the cause of death was listed
as suicide in 7 of 51 subjects (13.2 %) who had pathologic
findings supporting CTE. Six additional subjects expressed sui-
cidal ideation at some point in their lives. In 6 of the 51 subjects
(11.8 %), the cause of death was listed as overdose. In those
subjects without CTE, the cause of death was suicide in 7 of
35 (20%) and drug overdose in 3 of 35 (8.5%). Series of Omalu
[32•] reported 5 of 11 (45.5 %) of their subjects with CTE com-
mitted suicide while 3 of 11 (27.2 %) died from drug overdose.
Of six subjects who did not have CTE, one each presented with
suicide and drug overdose (16.7 %). This may reflect an ascer-
tainment bias in which those who die by these means are more
likely to be referred for study. Suicide was not a cause of death in
the study of Robert [19]. Of 16,781 professional boxers regis-
tered in England, Scotland, and Wales from 1929 to 1955, 16
died by the time the data were collected. None of those subjects
died from suicide or drug overdose. In a study regarding cardio-
vascular deaths related to body mass index, it was noted that the
death rate due to suicide in former NFL players was 41 % of the
expected rate based on the general population [45]. Wortzel and
colleagues performed a recent review of the literature regarding
the relationship between CTE and suicide [46]. Only two studies
met inclusion criteria with a total of 5 of 17 subjects dying by
suicide. These were both uncontrolled case series, and overall
quality of evidence was graded as low. Current objective support
for a relationship between CTE and suicide is limited.

Cognitive deterioration may present at a later age [41••]
although inattention and declining concentration may be ini-
tial symptoms [47]. Most areas of cognition may be involved
including memory impairment, executive dysfunction, de-
creased attention and concentration, language impairment,
and visuospatial difficulties. With progressive deterioration,
frank dementia may occur [42].

Early reports indicate a preponderance of motor symptoms
which may start during the athlete’s career [19, 42]. Motor
signs and symptoms are not as prominent in later reports;
however most of the later reports are pathologic studies
wherein clinical information was obtained retrospectively
from family members and, in some instances, by chart review
[2, 7••, 24, 30, 31, 32•, 41••]. Initial motor impairment may
include dysarthria with mild imbalance. As this progresses,
there may be varying degrees of gait or limb ataxia, spasticity,
and parkinsonism [42].
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Two distinct presentations were described by Stern and
colleagues [41••]. In their study, 36 subjects had
neuropathologically confirmed CTE without other comorbid
neurodegenerative disorders and had next of kin available for
interview. Retrospective histories were obtained from next of
kin, and 23 had medical records available for review. From
this information, two major initial presentations were appar-
ent. One is a behavioral/mood variant presenting in younger
individuals (age of death 51.4±18.5), and the other is a cog-
nitive variant presenting in older individuals (age of death
69.2±21.8). Motor signs were not well described in this study.
The clusters of symptoms were not exclusive to each. The
majority of subjects presenting with behavioral or mood dys-
function developed cognitive dysfunction at some point. Be-
havioral symptoms were less common in the cognitive group.
The cognitive group was more likely to present with a more
severe pathologic stage and was more likely to be homozy-
gous for the APO ε4 allele.

Recent reviews distinguish Bclassic^ CTE from Bmodern^
CTE [5, 10, 48•]. Gardner described the clinical and patho-
logic features of classic vs. modern CTE based on an exten-
sive review of the literature [48]. Descriptions of classic CTE
come from clinical case reports and case series, largely involv-
ing boxers with limited pathologic correlation. The largest
study was a cross-sectional study by Roberts previously de-
scribed in this paper [19]. They described two clinical syn-
dromes. The first is a nonprogressive disorder with dysarthria,
pyramidal dysfunction, and cognitive deficits seen in approx-
imately 70 %. The second comprising 30 % involves progres-
sive dysarthria and pyramidal dysfunction without cognitive
deterioration. One shortcoming of this study is that it is cross-
sectional and not prospective, which limits any description of
natural history.

Information regarding modern CTE is largely gathered from
pathologic studieswith retrospective collection of clinical data [2,
7••, 32•]. These studies involve a broader range of subjects, in-
cluding those from other contact sports, veterans, and nonathletes
subjected to repetitive head trauma. The subjects with classic
CTE were typically older, with longer careers and greater expo-
sure to head trauma. Motor involvement is described earlier in
classic CTE, with a later onset of memory problems, whereas
subjects withmodern CTE hadmore prominent neuropsychiatric
and behavioral symptoms [48•]. This differentiation between
classic and modern CTE likely represents a broader spectrum
of disease rather than separate disease entities. It may also reflect
differences in the way that the data were obtained.

Headache is frequently described in pathologic series when
clinical information is obtained retrospectively [7••, 32•]. Head-
ache was not a presenting complaint in those subjects with the
most severe pathologic phase (stage IV) CTE in the series of
McKee. It was not a common complaint in earlier, clinically
based studies and may reflect an overlap with CPCS or recall
bias.

Parkinsonism has commonly been described in CTE, espe-
cially in the older literature [1, 19, 20]. Corsellis reported a
substantial loss of pigmented cells in the substantia nigra.
Lewy bodies were absent, but neurofibrillary tangles were
common, distinguishing post traumatic Parkinsonism from
idiopathic Parkinson disease [24]. Omalu described similar
findings in the substantia nigra as well as the locus coeruleus
[32•]. McKee reported increasing degrees of depigmentation
of the substantia nigra and locus coeruleus with higher patho-
logic stages [7••]. Isolated Parkinsonism due to repetitive head
trauma, also referred to as pugilistic Parkinsonism, is rarely
described [49]. Distinguishing posttraumatic Parkinsonism
from idiopathic Parkinson disease is difficult. The former is
described as being more slowly progressive and less respon-
sive to L-dopa [50]. Turjanski compared F-dopa positron
emission tomography (PET) in six subjects with a history of
repetitive head injury (five boxers and one jockey) to age-
matched controls with idiopathic Parkinson disease. There
was a relative decrease of uptake in caudate nucleus and in-
creased uptake in the putamen in the subjects with repetitive
head injury. This reliably distinguished them from the control
subjects with idiopathic Parkinson disease [50]. This distinc-
tion was not found in a similar study on retired Thai traditional
boxers [51]. Former athletes with isolated parkinsonism may
coincidentally have idiopathic Parkinson disease or multisys-
tem atrophy. Earlier presentations may be due to earlier drop-
out of dopaminergic neurons in those susceptible to Parkinson
disease.

McKee and colleagues reported pathologic findings of mo-
tor neuron disease (MND) in the spinal cords of three subjects
with CTE [52]. These subjects were reported to have a clinical
history of progressive weakness, atrophy, fasciculations, and
spasticity. These findings were not present in five subjects
with CTE but without MND or in controls. Similar findings
were present when compared with sporadic cases with amyo-
trophic lateral sclerosis (ALS). In a subsequent paper, 8 out of
68 subjects had pathologic findings of MND in their spinal
cords. Sixty-three percent of these subjects reportedly present-
ed with symptoms of MND and developed cognitive or be-
havioral symptoms later [7••]. The relationship between ALS/
MND and head trauma remains controversial. Reports of
higher than expected rates of ALS in Italian soccer players
prompted the suggestion that multiple repetitive head traumas
may predispose to ALS [53, 54]. Three evidence-based re-
views by the same author found class II and III studies that
indicated that the association between head trauma and ALS
did not exceed what might be expected by chance alone. Ev-
idence supporting a link was rated class IV. The reports con-
cluded that trauma and physical activity are probably not risk
factors for ALS [55–57]. The findings of MND in 8 of 68
individuals with CTE are intriguing; however, several have
argued that declaring a connection between the two disorders
is premature, based on the current literature [57, 58].
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Evaluation

The clinical assessment of an athlete or veteran with suspected
early CTE can be challenging. As noted above, early signs and
symptoms may be nonspecific, and there are multiple other
overlapping syndromes such as CPCS, posttraumatic stress
disorder, and depression. Thorough history and neurologic
exam are of utmost importance. Later stages may be easier
to identify; however, these individuals may be difficult to
distinguish from those with other neurodegenerative diseases
not associatedwith trauma. Thirty-seven percent of subjects of
McKee with CTE had other concomitant neurodegenerative
diseases [7••]. In an autopsy series on six former Canadian
Football League players with suspected CTE, Hazrati et al.
found that only three had pathologic findings consistent with
CTE. Other diagnoses included Alzheimer’s disease (AD),
ALS, and Parkinson disease. Each of the three CTE cases
had additional comorbid disease including dementia with
Lewy bodies, vascular disease, and AD [59•].

A premorbid history of repetitive head trauma is funda-
mental for the diagnosis. Social factors such as baseline edu-
cation, employment status, and substance abuse may obscure
the picture. Motor findings involving the cerebellar, extrapy-
ramidal, and/or pyramidal systems support the diagnosis [3].

Neuropsychology

Most studies on the neuropsychology of CTE involve boxers.
Mendez reviewed EIGHT neuropsychological studies involving
professional boxers. Deficits were present in the following:mem-
ory, information processing speed, finger tapping speed, complex
attentional tasks, sequencing abilities, and frontal-executive func-
tions [42]. In a study comparing 20 amateur boxers to a control
group of orthopedic patients with limb fractures, neuropsycho-
logical testing was found to be more sensitive than clinical ex-
amination, EEG, and CT in finding neurologic abnormalities in
the boxing group. Verbal and visual memory, attention, and four-
choice reaction time were more affected. However, these impair-
ments were present in a minority of the boxers [60]. The reliabil-
ity of neuropsychological testing may be limited when no base-
line data are available. In general, neuropsychological testing can
identify patterns of cognitive and behavioral impairments which
may assist in the differential diagnosis of chronic neurodegener-
ative disorders.

Imaging

Imaging may help in the workup of individuals with suspected
CTE. Findings on the traditional structural imaging studies of
brain CT and MRI tend to be nonspecific. Diffuse atrophy
with ventricular enlargement, thinning of the corpus callosum,

and a cavum septum pellucidum have been well described in
the gross pathology of CTE [2, 24]. In a study of 33 retired
soccer players from the National Football Team of Norway,
one third were found to have central cerebral atrophy on brain
CT and 6 % had a cavum septum pellucidum [26]. These
findings, although nonspecific, may reflect exposure to repet-
itive traumatic brain insults.

Nonspecific T2 and fluid-attenuated inversion recovery
(FLAIR) MRI white matter changes are of uncertain signifi-
cance. There was a higher volume of nonspecific white matter
changes on FLAIR sequences on former NFL players with
cognitive deficits than with age-matched controls. No signif-
icant difference, however, was found between cognitively im-
paired and unimpaired former NFL players [61].

Diffusion tensor imaging (DTI) offers a sensitive measure
of axonal injury [62]. This procedure detects Brownian mo-
tion of water molecules in brain tissue. Microstructure of the
brain interferes with this motion, and injury would increase
diffusion [63]. Fractional anisotropy (FA) is a measure of
white matter integrity [64]. In studies on professional boxers,
there was increased whole brain apparent diffusion coefficient
(ADC) [63]. In addition, decreased FAwas found in the cor-
pus callosum, internal capsule, deep white matter, and cortical
gray matter compared to controls [62, 64, 65]. In a study on
retired NFL players, decrease FAwas present in bilateral fron-
tal and parietal lobes, left temporal lobe, and corpus callosum
in subjects with cognitive or mood impairment compared to
age-matched control. These differences were not present in
asymptomatic athletes [61]. In a study on Division III football
players, decreased FAwas associated with the degree of repet-
itive helmet impacts when compared to preseason studies.
These changes persisted 6 months after the end of the season
[66]. Depressive symptoms have been correlated with de-
creased FA in retired NFL players with a history of concus-
sion. In a study on 25 retired NFL athletes, decreased FA in
the forceps minor had 100 % sensitivity and 95 % specificity
in identifying subjects with depression [63].

Other imaging modalities under investigation include func-
tional MRI [61], magnetic resonance spectroscopy [67], and
PET. In one study, 5 retired NFL players with a history of mood
and cognit ive symptoms underwent studies with
2-(1-{6-[(2-[[fluorine-18]fluoroethyl)(methyl)amino]-2-
naphthyl}-ethylidene)malononitrile (FDDNP)-PET. FDDNP is a
tracer that binds both amyloid plaques and tau deposits. The
FDDNP signal was higher in subjects compared to that in five
controls [68]. More recently, Mitsis et al. have utilized amyloid
and tau PET imaging in an attempt to diagnose CTE [69].

Biomarkers

To date, no biomarkers have demonstrated the ability to pre-
dict the presence of CTE. Two studies on amateur boxers
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revealed elevated levels of CSF neurofilament light protein
(NFL) and glial fibrillary acidic protein (GFAP) when drawn
within 7 to 10 days after a bout in one study and 1 to 6 days
after a bout in the second. The degree of elevation correlated
with exposure to head trauma. NFL and GFAP remained ele-
vated at 14 days; however, only NFL remained elevated at
3 months, although it had decreased from the initial value
[70, 71]. In a similar study, plasma tau was elevated 1–6 days
after a bout but returned to normal after a rest period of at least
14 days [72]. These proteins appear to be markers of acute
injury; however, any relationship to the development of CTE
has yet to be determined.

Conclusion

CTE affects an unknown percent of individuals with a history
of recurrent mild traumatic brain injury. The causative link
between repetitive head trauma and CTE has not been well
established. Also, not known is the reason that some individ-
uals develop CTE while others with a similar history of head
trauma do not. APOE genotype may impart increased risk of
CTBI to individuals exposed to repetitive brain injury [3];
however, other genetic risk factors are possible but have yet
to be discovered. Identifying CTE in a living individual is
challenging. Symptoms can be nonspecific, and there may
be overlap with other neurodegenerative diseases. Criteria
for the clinical diagnosis of CTE have been described [3]
(Table 1). There are no biomarkers to confirm the diagnosis
of CTE. Radiologic studies offer only nonspecific findings
that may support the diagnosis.

Changes in investigational methods appear to have pro-
duced two different pictures of CTE. Earlier classic reports
of CTE involved clinical descriptions of older subjects
afflicted with a more severe disease and motor manifestations.
The more recent autopsy case studies of modern CTE have

included subjects with milder disease and a broader back-
ground of other contact sports and nonathletic repetitive head
trauma. These studies are limited by selective referral patterns
and retrospective clinical data collection. The subjects with
Bclassic^ CTE may fit the clinical description of subjects with
pathologic stage IVof McKee [7••, 41••].

Defining the true nature of CTE may depend on large pro-
spective studies that include detailed neurocognitive examina-
tion, precise neurodiagnostic testing, and, ultimately, autopsy.
The Professional Fighters Brain Health Study will attempt to
prospectively follow more than 400 boxers over 5 years with
serial imaging studies, computerized cognitive assessments,
genotyping, and exploratory blood biomarkers [73]. An ulti-
mate goal would be to identify individuals early in the disease
and remove from continued exposure. It is not known, how-
ever, if early recognition and intervention would be effective.
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