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Objective: There are no validated or agreed upon diagnostic clinical criteria for chronic

traumatic encephalopathy or traumatic encephalopathy syndrome. This study examines

the leading research criteria for traumatic encephalopathy syndrome (TES) in middle-

aged men in the general population.

Method: Participants were 409 men between the ages of 35 and 55 recruited through

an online crowdsourcing platform. Participants provided demographic information,

medication history, concussion history, contact sport history, current medication use,

and current symptoms. Research criteria for TES were applied to the sample.

Results: Over half of the total sample met TES symptom criteria (56.2%), without

applying the neurotrauma exposure criteria. Those with 4+ prior concussions had higher

rates of meeting TES criteria compared to those with 0–3 prior concussions, but the

results were not statistically significant (69.8 vs. 54.6%; χ
2
= 3.58, p = 0.06). Exposure

to contact sports was not related to higher rates of TES (ps ≥ 0.55). In a binary logistic

regression predicting the presence of mild or greater TES, significant predictors were

sleep difficulties [Odds ratio (OR) = 6.68], chronic pain (OR = 3.29), and age (OR =

1.04). Neurotrauma exposure was not a significant predictor (p = 0.66). When analyzing

those with no prior concussions or contact sport histories (n= 126), 45.2%met symptom

criteria for mild or greater TES; chronic pain and sleep difficulties were associated with a

higher prevalence of meeting criteria for TES in this subgroup (ps < 0.001).

Conclusions: Men who participated in contact sports in high school or college were not

more likely to meet criteria for TES than men who participated in non-contact sports or

no sports. In a multivariable model, sleep problems and chronic pain were predictive of

meeting the symptom criteria for TES, but the repetitive neurotrauma exposure criterion

was not a significant predictor of meeting the TES symptom criteria.
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INTRODUCTION

In the twentieth century, chronic traumatic encephalopathy
(CTE) was conceptualized as a neurological syndrome associated
with cumulative brain damage from a long career in boxing
(1, 2). Throughout the century, it was also referred to as dementia
pugilistica (3–7). It was typically described as Parkinsonian-
like in nature, with dysarthric speech, gait and coordination
difficulties, and cognitive deficits (1, 2, 5). Some authors
conceptualized it as a progressive dementia and others noted that
it could have a static or progressive course (1, 2, 4, 7–13). The
authors of case studies and case series in the twentieth century
also described what appeared to be neuropsychiatric changes
in personality or behavior, such as aggression and volatility
(11, 14–18), euphoria (9, 16), child-like behavior (17), or fatuous
cheerfulness (16).

Over the past 100 years, there have been no validated or agreed
upon diagnostic clinical criteria for CTE, sometimes referred to
as traumatic encephalopathy syndrome (TES). Several sets of
criteria were proposed between 2013 and 2016 (12, 20–22). A
team of investigators from Boston University proposed criteria
to be used for identifying TES in living research participants
(19), and these research criteria are reprinted in Table 1. These
research criteria are being used in studies included in a $15.8M
multicenter grant entitled “Diagnostics, Imaging, And Genetics
Network for the Objective Study and Evaluation of Chronic
Traumatic Encephalopathy” (DIAGNOSE CTE; NIH/NINDS

TABLE 1 | Research criteria for Traumatic Encephalopathy Syndrome (core and supportive features) (19).

Core Clinical Features

“At least one of the core clinical features must be present:

1. Cognitive. Difficulties in cognition: (a) as reported by self or informant, by history of treatment, or by clinician’s report of decline, and (b) substantiated by impairment

on standardized mental status or neuropsychological tests of episodic memory, executive function, and/or attention, as defined by scores at a level of at least 1.5

standard deviations below appropriate norms.

2. Behavioral. Being described as emotionally explosive (for example, having a “short fuse” or being “out of control”), physically violent, and/or verbally violent, as

reported by self or informant, by history of treatment, or by clinician’s report. A formal diagnosis of intermittent explosive disorder would meet this criterion but is not

necessary.

3. Mood. Feeling overly sad, depressed, and/or hopeless, as reported by self or informant, by history of treatment, or by clinician’s report. A formal diagnosis of major

depressive disorder or persistent depressive disorder would meet this criterion but is not necessary.” [(19), p. 10]

Supportive Features

“A minimum of two of the supportive features must be present for a diagnosis of TES:

1 Impulsivity. Impaired impulse control, as demonstrated by new behaviors such as excessive gambling, increased or unusual sexual activity, substance abuse, or

excessive shopping or unusual purchases, or similar activities.

2 Anxiety. History of anxious mood, agitation, excessive fears, or obsessive or compulsive behavior (or both), as reported by self or informant, history of treatment, or

clinician’s report. A formal diagnosis of anxiety disorder would meet this criterion but is not necessary.

3 Apathy. Loss of interest in usual activities, loss of motivation and emotions, and/or reduction of voluntary, goal-directed behaviors as reported by self or informant,

history of treatment, or clinician’s report.

4 Paranoia. Delusional beliefs of suspicion, persecution, and/or unwanted jealousy.

5 Suicidality. History of suicidal thoughts or attempts, as reported by self or informant, history of treatment, or clinician’s report.

6 Headache. Significant and chronic headache with a least one episode per month for a minimum of 6 months.

7 Motor signs. Dysarthria, dysgraphia, bradykinesia, tremor, rigidity, gait disturbance, falls, and/or other features of parkinsonism.

8 Documented decline. Progressive decline in function and/or a progression in symptoms and/or signs … for a minimum of 1 year.

9 Delayed onset. Delayed onset of clinical features after significant head impact exposure, usually at least 2 years and in many cases several years after the period of

maximal exposure. It should be noted, however, that individual cases may begin to develop the clinical features of TES during their period of head impact exposure

(for example, while still actively involved in a collision sport), especially older individuals or those who have been engaged in the high-exposure sport for many years.”

[(19), p. 10–11].

Reprinted from Montenigro et al. (19).

Grant No. U01NS093334). Moreover, in April of 2019, this
research team hosted the First NIH Consensus Workshop to
Define the Diagnostic Criteria for Traumatic Encephalopathy
Syndrome (TES), and the work to establish consensus criteria has
been ongoing.

These research diagnostic criteria departed substantially from
how CTE and TES were conceptualized in the twentieth
century in that they were broadened to include a wide range
of mental health problems. In fact, mental health problems
alone, such as depression, anxiety, and suicidality, were now
considered sufficient symptoms for diagnosing TES (assuming
the neurotrauma criteria were met). According to the research
diagnostic criteria, depression is considered to be a core subtype
of TES. A recent study examined the prevalence of several
features of the research criteria for TES in a sample of 101 men
from the US general population who were diagnosed with major
depressive disorder in the past month (23). Approximately half
of the sample (52.5%) met a conservative classification of TES
using the symptom criteria for the mood subtype, and 8 out of
10 (83.2%) met liberal symptom criteria for this TES subtype. A
second study examined the symptom criteria for the “behavioral”
subtype of TES and applied those criteria to a sample of 206
men from the US general population who were diagnosed with
intermittent explosive disorder in the past year, finding that 1 in
4 of these men (27.3%) met symptom criteria for the behavioral
subtype of TES, and 2 out of 3 (65.0%) met liberal symptom
criteria for the behavioral subtype of TES (24). Those two studies
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illustrated that the symptoms of TES are common in men
from the general population who experience clinically significant
depression or anger control problems, but they were seriously
limited by the fact that they relied on a large, pre-existing
epidemiological database that did not include several features of
the proposed TES diagnostic criteria (e.g., cognitive impairment
or neurological problems), nor did it include information relating
to sport participation or neurotrauma history.

The authors of another study retrospectively reviewed the
charts of veterans with a history of traumatic brain injury
(TBI) who presented to a neurobehavioral clinic with cognitive
complaints (21). Using the symptoms patients reported during
their visits, the authors determined the prevalence of possible
CTE/TES based on four different sets of proposed clinical
diagnostic criteria from different research groups. Approximately
25–30% of the sample met the Montenigro et al. TES criteria
(19), and 79% of the TBI-exposed sample met at least one of
the four proposed sets of TES criteria. The authors reported that
“these criteria mostly favor sensitivity over specificity, and can
therefore result in false positives when used in a clinical setting”
[(21), p. 437].

The present study examines the research criteria for TES in
middle-aged men in the United States general population. This
is the first study, to our knowledge, designed to sample both
the proposed symptoms of TES as well as participants’ prior
neurotrauma histories based on their participation in contact and
collision sports and their concussion history. We hypothesized
that a sizable proportion of the sample would meet the proposed
criteria for TES, including those who denied a history of prior
concussions and a history of participation in contact sports.

MATERIALS AND METHODS

Participants and Procedures
Participants were men between the ages 35 and 55 who are
current U.S. residents. They were recruited using the online
crowdsourcing platform Amazon Mechanical Turn (mTurk),
which has previously been used in a variety of psychological
studies (25). This platform has become increasingly common
over the past 10 years and hasmade collecting data from large and
diverse samplesmore accessible (26).MTurk workers are thought
to be more diverse than samples commonly used in survey
research studies [e.g., community samples, undergraduates; (25)].
We set a recruitment goal of 400 participants.

Institutional Review Board approval was obtained from the
university prior to data collection. Participants read the study
objectives and rationale and gave informed consent to participate
by voluntarily completing the survey on the mTurk platform.
Participants were able to withdraw from this study at any time.
The survey took ∼15min to complete. Financial compensation
of $5.00 was provided to survey completers. Several validity items
were embedded into the survey to capture random responding.
Only surveys that completed these validity items in an accurate
manner were retained for data analyses.

Survey
Participants completed a series of questions that captured
demographic variables, self-reported medication history, and

current medication use. Specifically, they were asked about
their participation in various non-contact, contact, and collision
sports. For each sport, participants were asked to provide
an estimation (in years) for the following competition level
categories: (1) before high school, (2) during high school, (3)
during college, (4) recreationally, (5), semi-professionally, and
(6) professionally. Participants also reported the number of
concussions they experienced over their lifetime based on the
following definition that was published in the survey: “We define
a concussion as a blow to the head or whiplash that caused any
one or more of the following: (1) witnessed loss of consciousness
(being “knocked out” and someone seeing it), (2) loss of memory
for events immediately before and/or after the injury, or (3) feeling
dazed and confused for at least 30 seconds.” For those participants
who reported a concussion, they were asked to estimate how
much time had elapsed since their most recent concussion.
Finally, participants were asked to rate a series of symptoms that
were generated based on the TES research criteria published by
Montenigro et al. (19) (see Table 1). Each symptom was rated
over the past year because the research criteria indicate that the
clinical features must be present for at least 12 months. Each
symptom was rated on a 5-point scale (1 = Never, 2 = Rarely,
3 = Sometimes, 4 = Often, 5 = Always). Other symptoms were
also assessed in thismanner that are not a part of the TES research
criteria [e.g., I have had pain in one or more parts of my body, I
have had back or neck pain, I have had trouble falling or staying
asleep, I have had difficulties with fatigue (that is, felt very tired)].

Defining Traumatic Encephalopathy
Syndrome
Clinical Features
The proposed TES research criteria (19) have three core clinical
features (i.e., cognitive, behavioral, mood) and nine supportive
features (i.e., impulsivity, anxiety, apathy, paranoia, suicidality,
headache, motor signs, documented decline, and delayed onset).
This study assessed all three core features and six of the
nine supportive features. Given that this was a survey, self-
reported cognitive impairment was used to define the core
cognitive feature, not neuropsychological testing. We elected to
not assess for suicidality in this survey. The two clinical course
criteria, documented decline and delayed onset, were not assessed
because this community-dwelling sample of middle-aged men
were not presenting to a healthcare professional for assessment
or treatment.

To meet the proposed criteria for TES, participants need to
have one or more core clinical features as well as two or more
supportive features (referred to as the TES definition). To fulfill
the criteria for a TES feature, the participant had to endorse at
least one symptom related to that criterion (see Table 2) at a
frequency of “sometimes,” “often,” or “always.”We deemed this to
be “mild or greater” severity. We also calculated the proportion
of the sample that met each feature at “moderate” severity level
by only coding those who endorsed a symptom of that feature at
a frequency of “often” or “always.” Additionally, we present the
proportion of the sample that endorsed one or more core clinical
features as well as one or more supportive features to simulate
the assumption that at least one of supportive criteria relating
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TABLE 2 | Endorsement of each question used to assess traumatic encephalopathy syndrome (TES) features as defined by Montenigro et al. (19).

Met neurotrauma exposure criterion

TES criterion Question Total sample (N = 409) No (N = 344) Yes (N = 65)

Core clinical features (1 or more necessary)

Cognitive I have noticed difficulty or problems with my ability to concentrate when

reading or when working.

43.8% 40.4% 61.5%

I have noticed difficulty or problems with my memory. 38.6% 35.2% 56.9%

I have noticed difficulty or problems with my ability to think logically or to

solve problems.

23.2% 20.6% 36.9%

Behavioral I felt angry. 45.5% 43.3% 56.9%

I felt like I was ready to explode. 22.7% 19.8% 38.5%

I have had problems controlling my anger. 19.1% 16.9% 30.8%

I have been “emotionally explosive,” such as having a “short fuse” or being

“out of control.”

17.1% 14.8% 29.2%

Mood I have felt sad. 50.6% 50.0% 53.8%

I felt depressed. 43.8% 43.0% 47.7%

I have felt hopeless. 36.2% 34.0% 47.7%

Supportive features (2 or more necessary)

Impulsivity I have engaged in excessive gambling. 6.1% 4.7% 13.8%

I have engaged in what some people would consider increased or unusual

sexual behavior.

14.7% 14.0% 18.5%

I have engaged in excessive shopping or unusual purchases. 11.5% 9.6% 21.5%

Anxiety I felt anxious. 48.7% 48.0% 52.3%

I felt worried. 53.3% 52.9% 55.4%

I felt nervous. 45.7% 45.6% 46.2%

I have had thoughts that keep repeating in my mind that I wish would go

away.

36.2% 34.6% 44.6%

Apathy I have had little interest in things that I used to enjoy doing. 39.1% 36.6% 52.3%

I feel like I have had a loss of motivation and/or the experience of emotions. 39.9% 37.5% 52.3%

Paranoia I have felt highly suspicious of other people or very jealous, even though I

did not have a good reason for these feelings.

18.3% 17.2% 24.6%

Suicidality Not assessed. – – –

Headache I have had problems with headaches (not migraines). 38.4% 34.9% 56.9%

I have had migraine headaches. 18.6% 14.8% 38.5%

I have had a significant problem with headaches (any type of headache) at

least once per month for the past 6 months.

32.8% 28.2% 56.9%

Motor signs I have had difficulty with my speech, such as slurred, or slow speech. 5.1% 3.2% 15.4%

I have been moving much more slowly than in the past. 23.2% 20.6% 36.9%

I have noticed difficulties or problems with my balance and my ability to

walk.

13.0% 10.2% 27.7%

I have lost my balance and fallen. 5.1% 4.4% 9.2%

I have a tremor (such as hand shaking). 9.8% 8.1% 18.5%

Documented

decline

Not assessed. – – –

Delayed onset Not assessed. – – –

Other health problems/Not part of TES criteria

Sleep Problems I have had trouble falling or staying asleep. 69.9% 67.2% 78.5%

Chronic Pain I have had pain in one or more parts of my body. 77.3% 74.7% 90.8%

Symptoms were endorsed as “sometimes,” “often,” or “always” over the past year. The repetitive neurotrauma exposure criteria for TES are (i) experiencing 4 or more lifetime concussions

or (ii) playing contact or collision sports for 6 or more years, including at least two at the collegiate level.
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to the course of the clinical condition, the documented decline
in functioning criterion or the delayed onset criterion, would
be met in most individuals who present for clinical assessment
related to potential TES/CTE. This is referred to as the Liberal
TES definition. All men recruited for this study were between
the ages of 35 and 55, so, in essence, they could be assumed to
meet the “delayed onset” criterion if their symptoms developed
after their exposure to contact and collision sports and their prior
concussions. We do not know, however, how long they have been
experiencing symptoms and problems.

History of Multiple Impacts to the Head
The neurotrauma exposure criterion for TES published in
Montenigro et al. (19) is broad and diverse, and it includes three
“types of injuries” arising from four “sources of exposures” (19).
The three types of injuries are: (i) four or more concussions/mild
TBIs; (ii) two or more moderate or severe TBIs; or (iii)
“subconcussive trauma.” The sources of exposure are: “(i)
involvement in ‘high exposure’ contact sports (including, but not
limited to, boxing, American football, ice hockey, lacrosse, rugby,
wrestling, and soccer) for a minimum of 6 years, including at
least 2 years at the college level (or equivalent) or higher; (ii)
military service (including, but not limited to, combat exposure
to blast and other explosions as well as non-combat exposure
to explosives or to combatant training or breach training); (iii)
history of any other significant exposure to repetitive hits to
the head (including, but not limited to, domestic abuse, head
banging, and vocational activities such as door breaching by
police), or (iv) for moderate or severe TBI, any activity resulting
in the injury (e.g., a motor vehicle accident)” [(19), p. 10–11].

We used the above criteria published by Montenigro et al.
(19) to define subgroups in some of our analyses in this
study. To explore the proportion of the sample who met
criteria for these different neurotrauma thresholds, we formed
neurotrauma exposure subgroups as follows: (a) 4 of more prior
concussions/MTBIs (consistent with injury type i above); (b)
6 or more years playing a “high exposure” contact sport (i.e.,
American football, ice hockey, lacrosse, rugby, wrestling, and
soccer) at the high school level or higher; (c) 6 or more years
playing a “high exposure” contact sport at the high school level
or higher, including at least 2 years at the college level or higher
(consistent with “subconcussive trauma” of injury type iii, with
source of exposure i, above); (d) 4 or more concussions or 6 or
more years playing a “high exposure” contact sport at the high
school level or higher, including at least 2 years at the college level
or higher (the combination of injury types i and iii above).

Statistical Analyses
Data analyses were completed in SPSS 24.0. We present the
proportion of the sample who reported each core clinical
feature and each supportive symptom feature. Further, we
report the proportion of the sample who met these features
based on their repetitive neurotrauma exposure history (e.g.,
those with 0–3 prior concussions/MTBIs, those with 4+ prior
concussions/MTBIs, those with 0–5 years of contact sport
exposure, and those with 6+ years contact sport exposure). We
present the rates of positive TES screens at mild or greater

and moderate or greater severities. Chi-squared tests were used
to examine the proportion of the sample that met criteria
for TES across different groups (e.g., those with 0–3 prior
concussions/MTBIs vs. those with 4+ prior concussions/MTBIs;
those who met any neurotrauma exposure criteria vs. those who
met no neurotrauma exposure criteria).

A binary logistic regression was used to assess which
independent variables predicted the presence of mild or greater
TES as well as moderate or greater TES. The following variables
were selected a priori as predictors: age, history of multiple
impacts to the head criteria met (i.e., the neurotrauma exposure
criterion, operationally defined as either 4 or more concussions,
or 6 or more years playing contact sports with 2 or more years
at the college level or higher; binary, 1 = yes, 0 = no), moderate
or greater sleep difficulties over the past year (binary; 1 = yes,
0 = no), moderate or greater pain over the past year (binary,
1 = yes, 0 = no). We chose to examine the neurotrauma
exposure criterion variable as a binary variable because that
is how it would be used for case identification as outlined by
Montenigro et al. (19).

RESULTS

Description of the Sample
A total of 435 middle-aged men completed this study. Sixteen
participants were excluded because of their responses on validity
items. Further, ten participants were excluded from all analyses
because they reported experiencing a concussion within the past
1 year. The final analyses included 409 participants. Their mean
age was 45.1 years (SD = 6.0, range = 35–55). The sample was
predominantly white/Caucasian (85.6%; Black/AfricanAmerican
= 5.6%; Asian/Asian-American= 3.7%; American Indian/Alaska
Native = 1.0%; multiracial = 3.7%). About half the sample
was currently married (married = 49.4%, never married =

32.3%; separated/divorced = 7.3%; living with partner = 10.0%;
widowed = 4.0%). Regarding concussion history, 43.0% of
the sample denied a lifetime history of any concussions (n
= 176), while 25.2% (n = 103) reported 1 prior concussion,
14.7% (n = 60) reported 2 concussions, 6.6% (n = 27)
reported 3 concussions, and 10.5% (n = 43) reported 4 or
more concussions (Md = 1; IQR = 0–2; Range = 0–20). On
average, participants’ most recent concussion occurred 23.4 years
prior to this assessment (Md = 23.2, SD = 11.2, interquartile
range= 15.0–31.1).

Individual Survey Item Endorsement Over
the Past Year
As seen in Table 2, many individuals reported feeling angry
(45.5%), sad (50.6%), hopeless (36.2%), anxious (48.7%), worried
(53.3%), and nervous (45.7%). Regarding cognitive functioning,
43.8% reported mild or greater difficulty with concentration
and 38.6% reported difficulty with memory. Headaches were
commonly reported (38.4%), more so in those who met the
neurotrauma exposure criterion (56.9%) than those who did
not (34.9%). The majority of the sample reported mild or
greater sleep difficulties (69.9%) and chronic pain (77.3%). Items
related to excessive gambling (6.1%), speech difficulties (5.1%),
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TABLE 3 | Percentage of the sample that meets criteria for each traumatic encephalopathy syndrome feature at mild severity or greater, stratified by subgroups.

n Core: Cognitive Core: Behavioral Core: Mood Impulsivity Anxiety Apathy Paranoia Headache Motor signs

Total sample 409 53.1 47.4 54.8 24.2 65.5 47.1 18.3 45.5 30.8

Non-contact sports or no sports in high

school

214 50.0 48.1 56.1 22.0 65.0 48.1 21.0 41.1 25.2

Football in high school 125 60.8 48.0 53.6 28.8 67.2 50.4 19.2 54.4 39.2

Contact sports in high school (not football) 70 48.6 44.3 52.9 22.9 64.3 40.0 8.6 42.9 32.9

0–3 Concussions 366 49.5 45.4 53.3 22.4 64.8 45.9 16.9 41.5 28.1

4+ Concussions 43 83.7 65.1 67.4 39.5 72.1 60.5 30.2 79.1 53.5

0–5 Years contact sports 369 52.3 47.4 55.8 24.4 66.4 47.4 18.4 44.2 30.6

6+ Years contact sports 40 60.0 47.5 45.0 22.5 57.5 47.5 17.5 57.5 32.5

6+ Years contact sports (with 2+ in

college)

22 50.0 40.9 36.4 22.7 45.5 45.5 13.6 63.6 31.8

Did not meet neurotrauma exposure

criterion

344 49.4 45.1 53.8 22.4 65.4 45.6 17.2 40.7 27.6

Met neurotrauma criterion 65 72.3 60.0 60.0 33.8 66.2 56.9 24.6 70.8 47.7

Medication for Anxiety 115 75.7 65.2 76.5 34.8 90.4 70.4 32.2 62.6 48.7

Medication for Depression 117 75.2 65.8 80.3 35.9 92.3 75.2 31.6 59.0 43.6

Medication for ADHD 37 73.0 62.2 62.2 45.9 73.0 59.5 32.4 45.9 56.8

Of those with 0 concussions and No

Contact Sports…

126 38.1 46.8 50.0 15.9 60.3 40.5 16.7 35.7 17.5

No/Minimal pain in the past year 42 16.7 28.6 21.4 11.9 33.3 21.4 4.8 19.0 4.8

Mild or worse pain in the past year 84 48.8 56.0 64.3 17.9 73.8 50.0 22.6 44.0 23.8

No/Minimal sleep issues in the past year 55 12.7 32.7 23.6 10.9 34.5 18.2 7.3 18.2 7.3

Mild or worse sleep issues in the past year 71 57.7 57.7 70.4 19.7 80.3 57.7 23.9 49.3 25.4

Mild or worse sleep issues and mild or

worse pain issues

61 60.7 59.0 75.4 19.7 82.0 55.7 26.2 50.8 31.1

I have felt depressed = Never or Rarely 75 21.3 30.7 16.0 12.0 38.7 17.3 5.3 28.0 6.7

I have felt depressed = Sometimes, Often,

or Always

51 62.7 70.6 100.0 21.6 92.2 74.5 33.3 47.1 33.3

Supportive criteria for suicidality, documented decline, and delayed onset were not assessed. The neurotrauma exposure criterion was operationally defined as a personal history of 4 or more concussions, 6 or more years playing

contact sports with 2 or more years at the college level or higher, or both.
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TABLE 4 | Percentage of the sample that meets criteria for each traumatic encephalopathy syndrome feature at moderate severity or greater, stratified by subgroups.

Core Clinical Features Supportive Features

n Cognitive Behavioral Mood Impulsivity Anxiety Apathy Paranoia Headache Motor signs

Total sample 409 19.8 11.0 26.4 6.4 31.3 19.3 7.1 34.2 9.8

Non-contact sports or no sports in high school 214 18.7 8.9 25.7 7.5 32.7 17.8 8.4 30.8 8.9

Football in high school 125 23.2 16.0 28.0 7.2 29.6 20.0 8.0 40.8 12.0

Contact sports in high school (not football) 70 17.1 8.6 25.7 1.4 30.0 22.9 1.4 32.9 8.6

0–3 Concussions 366 17.2 7.7 23.8 5.7 29.0 16.3 6.3 30.3 7.9

4+ Concussions 43 41.9 39.5 48.8 11.6 51.2 41.9 14.0 69.8 25.6

0–5 Years contact sports 369 19.5 10.8 27.4 7.0 32.2 19.2 7.3 33.3 10.0

6+ Years contact sports 40 22.5 12.5 17.5 0.0 22.5 20.0 5.0 42.5 7.5

6+ Years contact sports (with 2+ in college) 22 27.3 9.1 18.2 0.0 13.6 18.2 4.5 45.5 9.1

Did not meet neurotrauma exposure criterion 344 16.3 7.8 24.1 6.1 30.2 16.6 6.4 29.4 8.1

Met neurotrauma exposure criterion 65 35.4 27.7 38.5 7.7 36.9 33.8 10.8 60.0 18.5

Medication for anxiety 115 29.6 20.0 47.0 9.6 60.0 32.2 14.8 51.3 16.5

Medication for depression 117 36.8 23.1 52.1 12.0 59.0 36.8 13.7 42.7 15.4

Medication for ADHD 37 45.9 21.6 32.4 10.8 51.4 27.0 16.2 40.5 8.1

Of those with 0 concussions and No Contact Sports… 126 15.1 7.9 20.6 7.9 29.4 11.1 8.7 24.6 4.8

No/Minimal pain in the past year 42 7.1 2.4 7.1 7.1 14.3 2.4 2.4 4.8 0.0

Mild or worse pain in the past year 84 19.0 10.7 27.4 8.3 36.9 15.5 11.9 34.5 7.1

No/Minimal sleep issues in the past year 55 7.3 1.8 5.5 7.3 10.9 1.8 3.6 10.9 1.8

Mild or worse sleep issues in the past year 71 21.1 12.7 32.4 8.5 43.7 18.3 12.7 35.2 7.0

Mild or worse sleep issues and mild or worse pain issues 61 23.0 14.8 34.4 9.8 42.6 19.7 14.8 41.0 8.2

I have felt depressed = Never or Rarely 75 8.0 4.0 0.0 6.7 10.7 4.0 4.0 20.0 1.3

I have felt depressed = Sometimes, Often, or Always 51 25.5 13.7 51.0 9.8 56.9 21.6 15.7 31.4 9.8

Supportive criteria for suicidality, documented decline, and delayed onset were not assessed. Regarding medications, participants reported a past history of being recommended or

prescribed medications for anxiety, depression, or ADHD. The neurotrauma exposure criterion was operationally defined as a personal history of 4 or more concussions, or 6 or more

years playing contact sports with 2 or more years at the college level or higher, or both.

tremor (9.8%), and losing balance and falling (5.1%) were not
commonly endorsed.

Rates of Endorsing Core Clinical Features
and Supportive Features
The percentages of men in this study who met criteria for
the core and supportive features of TES are presented in
Table 3 (mild or greater severity) and Table 4 (moderate-
severe). Approximately half the sample met criteria for each
of the core clinical features at the mild level or greater (core:
cognitive = 53.1%; core: behavioral = 47.4%; core: mood =

54.8%). Anxiety was the most prevalent supportive feature
(65.5%), followed by apathy (47.1%), and headaches (45.5%).
Paranoia was the least common supportive feature that we
assessed (18.3%), although nearly one in five men in our sample
endorsed some degree of paranoia. As expected, a smaller
proportion of the sample met the core criteria at the severity
level of moderate or worse (core: cognitive = 19.8%; core:
behavioral = 11.0%; core: mood = 26.2%). These criteria are
also stratified by repetitive neurotrauma history. For example,
45.0% of participants with a history of 6 or more years of
contact sports met the mood criteria (mild or greater, Table 3),

compared to 55.8% of participants who played 0–5 years of
contact sports.

Rates of Meeting the Research Criteria for
TES
The percentage of men sampled in this study who endorsed a
specific combination of symptoms that met the research criteria
for TES are presented in Table 5 and visually in Figure 1. Over
half of the sample met TES symptom criteria (i.e., endorsed
at least one core feature and two supportive features) at mild
severity or greater (56.2%), and 22.7% of participants met TES
symptom criteria at moderate severity of greater. Of those with 4
or more prior concussions, 69.8% met criteria for TES compared
to 54.6% of men who had 0–3 prior concussions (χ2

= 3.58, p
= 0.06). About half of those with and without a 6-year history of
contact sports met criteria for TES (0–5 years contact sports =
56.6%; 6+ years contact sports = 52.5%; χ

2
= 0.25, p = 0.62).

Results were similar for those who played 6 or more years of
contact sports with at least 2 years in college (50.0%) compared
to those who played 0–5 years of contact sports (56.6%; χ

2
=

0.37, p = 0.55). Although we could not assess the supportive
criteria related to delayed onset or progressive worsening of
symptoms, it seems likely that individuals who would present
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TABLE 5 | Proportion of the sample that met symptom criteria for traumatic encephalopathy syndrome, stratified by neurotrauma exposure groups, and specific

symptom reporting.

Samples n Mild+TES Mild+TES, Liberal Moderate+TES Moderate+TES, Liberal

Total sample 409 56.2 69.7 22.7 32.0

Non-contact sports or no sports in high school 214 54.7 69.6 22.0 33.2

Football in high school 125 62.4 70.4 24.0 32.8

Contact sports in high school (not including football) 70 50.0 68.6 22.9 27.1

0–3 Concussions 366 54.6 68.0 19.9 29.0

4+ Concussions 43 69.8 83.7 46.5 58.1

0–5 Years contact sports 369 56.6 69.6 23.3 32.8

6+ Years contact sports 40 52.5 70.0 17.5 25.0

6+ Years contact sports (with 2+ in college) 22 50.0 68.2 18.2 27.3

Did not meet neurotrauma exposure criterion 344 54.7 67.7 20.3 29.4

Met neurotrauma exposure criterion 65 64.6 80.0 35.4 46.2

Recommend/Prescribed medication for anxiety 115 87.0 89.6 42.6 54.8

Recommend/Prescribed medication for depression 117 84.6 88.0 43.6 57.3

Recommend/Prescribed medication for ADHD 37 75.7 78.4 35.1 48.6

Of those with 0 concussions and No Contact Sports… 126 45.2 62.7 16.7 27.8

No/Minimal pain in the past year 42 21.4 35.7 7.1 11.9

Mild or worse pain in the past year 84 57.1 76.2 21.4 35.7

No/Minimal sleep issues in the past year 55 20.0 41.8 9.1 10.9

Mild or worse sleep issues in the past year 71 64.8 78.9 22.5 40.8

Mild or worse sleep issues and mild or worse pain issues 61 67.2 82.0 24.6 42.6

I have felt depressed = Never or Rarely 75 18.7 40.0 6.7 9.3

I have felt depressed = Sometimes, Often, or Always 51 84.3 96.1 31.4 54.9

ADHD, Attention-Deficit/Hyperactivity Disorder; TES, Traumatic Encephalopathy Syndrome. To meet the proposed criteria for Mild + TES, participants needed to have one or more

core clinical features and two or more supportive features, each rated as “sometimes,” “often,” or “always.” To meet the proposed criteria for Mild + TES, Liberal, participants needed

to have one or more core clinical features and one or more supportive features, each rated as “sometimes,” “often,” or “always.” To meet the proposed criteria for Moderate + TES,

participants needed to have one or more core clinical features and two or more supportive features, each rated as “often” or “always.” To meet the proposed criteria for Moderate +

TES, Liberal, participants needed to have one or more core clinical features and one or more supportive features, each rated as “often” or “always.” The neurotrauma exposure criterion

was operationally defined as a personal history of 4 or more concussions, or 6 or more years playing contact sports with 2 or more years at the college level or higher, or both.

FIGURE 1 | Rates of meeting research criteria for traumatic encephalopathy syndrome in men from the general population. Participants rated the frequency of their

symptoms over the past year. The no exposure groups reported no history of playing contact sports and no personal history of concussion (19).

to healthcare settings for their concerns, between the ages of
35 and 55 (our sample), would meet criteria for one or both of
these supportive course features (e.g., the onset or progressive

worsening of mental health or cognitive difficulties). Therefore,
assuming one of those supportive criteria would be met, the rates
of meeting the TES criteria based on one core feature and one
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supportive feature were 69.7% and 32.0% for mild or greater and
moderate-severe, respectively.

Associations With Chronic Pain and Sleep
Problems
The majority of participants reported pain over the past year
(never or rarely, n= 93, 22.7%; sometimes, n= 164, 40.1%; often
or always, n = 152, 37.2%). Similarly, most individuals reported
sleep difficulties occurring “sometimes” or more frequently
(never or rarely, n = 127, 31.1%; sometimes, n = 157, 38.4%;
often or always, n = 125, 30.6%). The binary logistic regression
model predicting the presence of mild or greater TES was
statistically significant [χ2(4)= 107.98, p < 0.001] and explained
31.1% of the variance (Nagelkerke R2; Table 6). Significant
predictors (listed in order of magnitude from largest to smallest)
were: sleep difficulties [Odds ratio (OR) = 6.68], chronic pain
(OR = 3.29), and age (OR = 1.04). The neurotrauma exposure
criterion was not a significant predictor of mild or greater TES (p
= 0.81). Similarly, a binary logistic regression model predicting
the presence of moderate-severe TES was also statistically
significant [χ2(4) = 95.69, p < 0.001] and explained 31.7%
of the variance. Significant predictors were: sleep difficulties
(OR = 6.17) and chronic pain (OR = 3.09). Age (p = 0.54)
and the neurotrauma exposure criterion (p = 0.20) were not
significant predictors.

As a secondary analysis, we examined the subgroup who
reported playing high school football (n= 125). A binary logistic
regression model predicting the presence of mild or greater
TES was statistically significant [χ2(4) = 32.04, p < 0.001] and
explained 30.8% (Nagelkerke R2) of the variance. Significant
predictors were moderate or worse sleep difficulties (OR = 5.93)
and moderate or worse chronic pain (OR = 3.40). Age and the
neurotrauma exposure criterion were not significant predictors
in the model (p= 0.74 and p= 0.41, respectively).

When analyzing the subset of the sample who did not endorse
prior concussions or a history of contact sports (n = 126), 45.2%

met criteria for mild or greater TES and 16.7% met criteria for
moderate-severe TES (Table 5).When stratified by their response
to these health questions, 57.1% of those with mild or worse
chronic pain met criteria for mild TES compared to 21.4% of
those with no/minimal pain (χ2

= 14.42, p < 0.001). Those
with sleep difficulties had a higher likelihood of meeting the TES
criteria than those with no/minimal sleep difficulties (64.8 vs.
20.0%; χ2

= 25.10, p < 0.001).

DISCUSSION

We examined the research criteria for TES in a large sample of
men from the US general population. There are six important
findings from this study. First, as seen in Table 2, many of
the proposed symptoms of TES were reported by a large
number of men who did not meet either of the neurotrauma
exposure criteria, such as having problems with memory (35.2%),
feeling angry (43.3%), feeling depressed (43.0%), feeling anxious
(48.0%), and having headaches (34.9%). Some prior studies have
reported that MTurk samples endorse greater levels of anxiety
and depression compared to non-clinical samples, with medium-
to-large effect sizes (27), and higher rates of social anxiety
(28). This appears to be the case with our sample. Second,
and strikingly, more than half of the men surveyed, 56.2%, met
symptom criteria for having TES. Third, a history of playing
contact sports was not significantly associated with meeting the
symptom criteria for TES. There was a non-significant trend
for men with a self-reported lifetime history of 4 or more prior
concussions (69.8%) to have a higher rate of meeting symptom
criteria for TES compared to men who had 0–3 prior concussions
(54.6%, p = 0.06). Fourth, there was a very high rate of meeting
symptom criteria for TES in men with self-reported ADHD
(75.7%) (as defined by reporting a lifetime history of being
prescribed medication for ADHD). Clearly, this is problematic,
and the criteria might be fundamentally inappropriate for men
with ADHD. Fifth, in a multivariable prediction model, sleep

TABLE 6 | Logistic regression predicting meeting research criteria for traumatic encephalopathy syndrome.

Mild or greater traumatic encephalopathy syndrome

B SE Wald df p OR 95% CI for OR

Age 0.04 0.02 4.14 1 0.04 1.04 1.00–1.08

Neurotrauma exposure criterion 0.08 0.33 0.06 1 0.81 1.09 0.57–2.07

Chronic pain (Moderate or Greater) 1.19 0.26 20.68 1 < 0.001 3.29 1.97–5.49

Sleep problems (Moderate or Greater) 1.90 0.31 37.54 1 < 0.001 6.68 3.64–12.26

Moderate or greater traumatic encephalopathy syndrome

Age −0.01 0.02 0.38 1 0.54 0.99 0.94–1.03

Neurotrauma exposure criterion 0.43 0.34 1.64 1 0.20 1.54 0.79–3.00

Chronic pain (Moderate or Greater) 1.13 0.29 15.21 1 < 0.001 3.09 1.75–5.44

Sleep problems (Moderate or Greater) 1.82 0.28 41.60 1 < 0.001 6.17 3.55–10.72

OR, odds ratio. The results from additional logistic regressions (not shown) were similar when including subjects who reported “mild or greater” pain or sleep instead of “moderate or

greater.” The neurotrauma exposure criterion was operationally defined as a personal history of 4 or more concussions, 6 or more years playing contact sports with 2 or more years at

the college level or higher, or both.
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difficulties, chronic pain, and age were significant independent
predictors of meeting symptom criteria for TES, but the binary
neurotrauma criterion was not. That is, years of participation
in contact sports and a prior history of multiple concussions
were not associated with TES after accounting for problems
with sleep, chronic pain, and a person’s age. Finally, considering
men who reported no prior concussions and no history of
participation in contact sports, 45.2% met symptom criteria for
TES, revealing very poor specificity and a risk for a high false
positive diagnosis rate.

Study Limitations
This study has several important limitations. First, we did not
assess three of the nine supportive TES diagnostic features:
delayed onset of symptoms, documented decline in functioning,
and suicidality. Had we accurately and reliably assessed for
those criteria, the rate in which this sample would have met
criteria for TES would have been higher. For example, if
we assume that either of the course supportive criteria were
met (i.e., having a middle-age onset or having a progressive
worsening in functioning), then 69.7% of this community
sample from the US general population would meet symptom
criteria for TES (see Table 5, “liberal” criteria). Second, study
recruitment materials (e.g., electronic informed consent form)
outlined the study’s intention of assessing CTE/TES symptoms
within the general public. This may have influenced some
men’s decision to participate and could possibly have had
a negatively biasing effect on symptom reporting given the
media attention and public beliefs about this topic. Third,
medical, neurotrauma, and sport participation history were
self-reported and could not be independently verified. Fourth,
we did not collect information about socioeconomic status,
employment status, or disability, and these variables are likely
important and should be included in future studies and
prediction models. Fifth, this sample is likely not generalizable
to all middle-aged men in the United States. It should be
considered a sample of convenience. As noted in Table 5,
28–29% reported they had previously been recommended or
prescribed medication for anxiety or depression (anxiety: n
= 115/409; depression: n = 117/409), which is consistent
with some prior studies indicating that MTurk samples
endorse higher levels of anxiety and depression than the
general population (27, 28). Finally, the current study focused
solely on men given that nearly all research to date has
been with men and the current media attention surrounding
former football players (mostly NFL) and potential CTE
diagnoses. Future research is needed to examine the criteria
with women.

Problems With the TES Research Criteria
The research criteria represent a substantial departure from
how TES was conceptualized in the twentieth century. In the
past, TES was considered a neurological syndrome or disorder.
The current criteria include features from a broad range of
neurological diagnoses, and the research criteria allow TES to be
diagnosed if a person is believed to have Alzheimer’s disease or
frontotemporal dementia, even if the clinical presentation cannot

be distinguished from those diseases [(19), p. 11]. Importantly,
the research criteria also include a broad range of psychiatric
and behavioral features that were not considered to be part
of the diagnosis during the twentieth century (e.g., depression,
anxiety, and suicidality). An extraordinarily broad range of
mental health problems can fulfill the criteria for either a core or
supportive feature of TES, including major depressive disorder,
persistent depressive disorder (dysthymia), bipolar disorder,
generalized anxiety disorder, obsessive-compulsive disorder,
panic disorder, specific phobias, and even substance abuse. The
current criteria, as written, allow for people with mental health
problems, no neurological features, and no progressive worsening
of their clinical condition, to meet criteria for TES. Therefore,
an idiopathic psychiatric disorder, or a psychiatric disorder
secondary to a medical condition or neurological disease,
can mimic TES.

A fundamental problem with the criteria, as written, is
that the onset and course criteria are included as two of
the nine supportive clinical features (with 7 psychiatric or
neurological symptoms or signs). A person must show only
two supportive clinical features in order to meet criteria for
TES. As such, every former college athlete, who participated for
4 years in sports like football, soccer, rugby, lacrosse, hockey,
or, wrestling, automatically meets the neurotrauma exposure
criterion (assuming that they played any contact sport for at
least 2 years during high school). Furthermore, if they develop
mental health problems at any point in time between the ages
of 30 and death, they automatically meet the “delayed onset”
supportive criterion. As such, virtually all former athletes, and
military veterans, who meet the neurotrauma exposure criterion
need only meet one actual supportive clinical sign or symptom in
order to fulfill the diagnostic criteria. Even more problematic is
that if people are conceptualized as showing “worsening” in their
clinical condition, such as a gradual worsening of their mental
health (or neurological problems), then they meet a second
supportive feature. In other words, by meeting two presumed
natural history criteria (delayed onset and worsening clinical
condition), the person fulfills the supportive criteria and does not
need to show any actual supportive clinical signs or symptoms.
This dramatically increases the risk for false positive diagnoses
because the TES onset and course represents the natural history
of many idiopathic psychiatric and neurological disorders, and,
by definition, all neurodegenerative diseases (e.g., Alzheimer’s
disease, Parkinson’s disease, and frontotemporal dementia), and
thus they will mimic TES if present in former athletes and
military veterans. Therefore, the TES criteria could be improved
if the onset and course criteria were separated and removed from
the supportive features.

Additionally, the neurotrauma exposure criteria are well-
defined for former athletes but not for military veterans. As
written, it appears as if active duty service members and
veterans who have extensive past exposure to breaching (or
“blast or other explosions”; page 10) might meet the exposure
criteria for “subconcussive trauma.” There is no indication
of how much exposure to breaching or to “blast and other
explosions” is required, at what distance, over what time period,
or whether the service member or veteran had to ever experience
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ill effects from a low-level blast exposure. Future research is
needed to define the exposure criteria in order to apply these
criteria in research studies with active duty service members
and veterans.

The original authors of the TES criteria anticipated future
problems and limitations, noting that (i) the population
prevalence of the core and many of the supportive criteria is
likely relatively high, and (ii) “it is possible to meet criteria
for TES and yet have an idiopathic disorder or a situationally
based condition that is unrelated to the earlier history of head
impact exposure” [(19), p. 15]. The results of this study, and two
prior studies, confirm those problems and limitations (23, 24).
In the present study, 45.2% of men with no prior history of
concussions and no prior history of participation in contact
sports met symptom criteria for TES, illustrating the non-specific
nature of the TES criteria and representing a striking risk
for misdiagnosis.

We can anticipate very high rates of possible misdiagnosis
of TES in men who are experiencing depression. Of course, it
is possible that their depression is related to chronic traumatic
brain injury, a neurological disease, or both. However, as seen
in Table 5 and in Figure 1, 84.3% of men who reported being
depressed, who did not play contact sports and reported no lifetime
history of concussion, met the symptom criteria for TES. Moreover,
all men surveyed were between the ages of 35 and 55. Thus,
by definition, if they had experienced repetitive neurotrauma in
their teens and 20 s, they automatically would meet the delayed
onset supportive criterion. Thus, as seen in Table 5, 96.1% would
meet the symptom criteria for TES if they had the delayed onset
criterion and only one additional sign or symptom criterion.
Men with depression are virtually guaranteed to meet the TES
supportive clinical signs and symptoms because the supportive
features of the mood subtype of TES are the exact same features
that are commonly comorbid with depression in men from
the general population who have no history of neurotrauma
and who do not have TES: suicidality, anxiety, substance abuse
(“impulsivity”), and headaches. Essentially, all former collegiate
and professional contact, collision, and combat sport athletes
who present for a research study or clinical evaluation, any time
between the ages of 30 and death, will meet symptom criteria
for TES if (i) they have developed depression and (ii) they
experienced any one of the following: anxiety, suicidality, alcohol
abuse, drug abuse, impulsive shopping, excessive gambling, or
headaches. The TES criteria are so permissive that even if the
former athlete is improving with treatment he or she can still
be diagnosed with TES if the clinician (or researcher) judges
that he or she would not have improved if treatment was not
initiated [(19), p. 10].

Finally, it is troubling that CTE is typically described
as a unique neurodegenerative disease (19, 29, 30), or fatal
neurodegenerative disease (31), yet the research criteria for
TES do not require any neurological signs or symptoms and
also do not require the clinical condition to be progressive.
Much additional research is needed to determine whether CTE
neuropathologic change is inexorably progressive, or whether it
underlies specific neurological or psychiatric problems relating to
a unique neurodegenerative disease (32, 33). There are no studies

establishing reasonable clincopathological correlation between
the three research subtypes of TES and CTE neuropathologic
change, and the consensus group that defined the preliminary
criteria for the neuropathology of CTE did not address whether
the pathology causes, or is clearly associated with, clinical
features (34).

Clinical Implications
The authors have firsthand knowledge, from their clinical
practice working with athletes and former athletes, that some
current and former athletes self-report that they, or someone they
know, have been diagnosed, clinically, as having CTE. Moreover,
the authors have, in their clinical practices, met with high school
and college aged patients who have expressed concern about
having or developing CTE—including expressing existential
angst over whether they should finish college, pursue a career,
get married, and have a family. The first author has spoken,
on many occasions, to colleagues from across the United States,
who specialize in concussion, and they have reported frequently
dealing with athletes and families who have expressed concern
about CTE. A recently published survey of 3,913 former NFL
players revealed that 2.3% of those under the age of 60 and
3.7% of those 60 or older self-reported clinician diagnosed CTE
(35). The results of this study suggest that the research criteria
for TES have serious limitations for use in future studies and
should not be applied in clinical practice to individual patients.
Moreover, informing research subjects that they have screened
positively for TES (or CTE) based on these criteria is problematic,
given their potential high false positive rate, and might
result in harm.

Conclusions
This study examined the research criteria for TES and found
that middle aged men who participated in contact sports were
no more likely to meet criteria for the syndrome than men
who played non-contact sports or no sports. It is clear from
the present study that a large percentage of the US general
population who are experiencing chronic pain, mental health
problems, or both will meet criteria for having the symptoms
described as representing TES, regardless of whether or not they
have experiencedmultiple concussions or repetitive neurotrauma
in sports. The proposed criteria for TES are extraordinarily
broad, non-specific, and require thoughtful revision. There is
a risk for very high rates of misdiagnosis of CTE/TES using
these criteria.
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