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A systematic review of potential 

long-term effects of sport-related 

concussion

file:///.file/id=657136
7.9301943



At present, it is not known 

whether the emergence, 

course, or severity of clinical 

symptoms can be predicted by 

specific combinations of 

neuropathologies, thresholds 

for accumulation of pathology, 

or regional distributions of 

pathologies. 

More research is needed to 

determine the extent to which 

the neuropathology ascribed to 

long-term effects of 

neurotrauma is static, 

progressive, or both.

Disambiguating the pathology 

from the broad array of 

clinical features that have been 

reported in recent studies 

might facilitate and accelerate 

research—and improve 

understanding of CTE.



This lecture, by design, focuses as 

much or more on what is not known 

than what is known



Topics

• Survey Studies

• Neuroimaging

• Chronic Traumatic Encephalopathy

• Suicide

• Alzheimer’s Disease



There are Reasons to be Concerned 

About Long-Term Brain Health



Brain Health of Contact Sport Athletes

• American Football are exposed to a tremendous 
number of head impacts over the course of a single 
season.

• Researchers have reported differences in

– the microstructure of white matter using diffusion tensor 
imaging (DTI),

– neural activation using functional magnetic resonance 
imaging (fMRI),

– endogenous neurochemistry using magnetic resonance 
spectroscopy (MRS) in several studies of current and 
retired professional athletes. 



Structural Imaging



Survey Studies: Subgroups with Depression and MCI



Survey: Mild Cognitive Impairment

• 2,552 retired NFL players

• 1.3% (n=33) reported a physician diagnosis of Alzheimer’s 
disease

• Of the 758 who were age 50 or greater, 2.9% (n=22) 
reported a physician diagnosis of mild cognitive impairment

• Of the 641 former players who had a spouse or close 
relative complete a questionnaire, 12.0% (n=77) were 
identified as having significant memory problems. 

• Former players with 3+ concussions during their playing 
career had a 5-fold greater risk of MCI diagnosis after age 
50 compared to those with no prior concussions. 



Chronic Traumatic Encephalopathy





Extraordinary and Unprecedented 

Media Attention toward CTE

In my experience, clinicians, researchers, and 

the general public think that the state of the 

science is much more advanced than it is



Some believe the puzzle is 

quickly being assembled



Some Important Unanswered 

Questions Relating to CTE

1. Prevalence

2. Genetic or other risk factors

3. Resilience factors

4. Clinical diagnostic criteria

5. Extent to which the neuropathology 

causes specific clinical symptoms or 

problems

6. Extent to which the neuropathology is 

progressive

7. Extent to which the clinical            

features are progressive



Poorly Understood & No Diagnostic Criteria

• Chronic traumatic encephalopathy (CTE) has 
been poorly understood for more than 80 years. 

• Clinical Features: slurred and dysarthric speech, 
gait problems, Parkinsonism, cognitive 
impairment, and dementia 

• Prior to early 2015, there were no widely accepted 
or empirically-evaluated diagnostic criteria for 
either the neuropathology or the clinical features. 



From 1929-2012, there was only 1 large study

• Roberts (1969) published a book entitled Brain 

Damage in Boxers: A Study of the Prevalence of 

Traumatic Encephalopathy Among Ex-

Professional Boxers. This book provides detailed 

clinical information on a random sample of 224 

retired professional boxers. 



Roberts (1969)

• 11% were deemed to have mild CTE

• 6% were considered to have a moderate-to-

severe form of the syndrome

• Roberts described what appeared to be two 

syndromes, one appeared static and one 

progressive



Thought to be a Neurological 

Condition Affecting Boxers

• CTE was thought to be found almost entirely 

in boxers prior to 2005. 

• There were isolated case reports of dementia 

pugilistica in people who were not boxers, 

including a battered woman in 1990. 

• Omalu and colleagues published the first case 

of a retired NFL player in 2005, and the 

second case in 2006. 



Evolution of the Diagnosis

• There has been a fairly dramatic evolution of 
both the neuropathology and clinical features of 
CTE in the past few years, especially as 
described in American football players.

• In the past, CTE was diagnosed in some retired 
boxers who presented with obvious and serious 
problems, such as neuropsychiatric symptoms 
and Parkinsonism, whereas at present it has been 
diagnosed in young athletes with no or mild 
symptoms (McKee et al., 2013).



Neuropathology



Neuropatholgy

Neurofibrillary degeneration, neuronal loss, ‘scarring’ of 

the cerebellar tonsils, and fenestrated cavum septum 

pellucidum.



Tau in Depths of Sulci





McKee et al. 2013

• Described macroscopic features

• Described microscopic features

• Conceptualized four stages of pathology

• Discussed clinical features associated with the 

stages



• Stage 1 CTE can be diagnosed based on 

having small focal epicenters of p-tau and no 

clinical symptoms, or symptoms such as 

headaches and mild depression. 

• This represented a fundamental change in that 

now a person can be said to have a 

degenerative neurological disease in the 

absence of serious physical, cognitive, 

behavioral, or psychological problems.



Gross Pathologic Features Microscopic Neuropathology

Cavum Septum Pellucidum Neuronal Loss

Lateral or Third Ventricle Enlargement Hippocampus

Frontal Atrophy Entorhinal Cortex

Temporal Atrophy Amygdala

Diencephalon Atrophy Locus Coeruleus

Basal Ganglia Atrophy Substantia Nigra

Brainstem Atrophy Medial Thalamus

Cerebellar Atrophy TAR DNA-binding protein 43 (TDP-43)

Thinning of the Hypothalamic Floor Frontal Cortex

Shrinkage of the Mammillary Bodies Medial Temporal Cortex

Pallor of the Substantia Nigra Hippocampus

Hippocampal Sclerosis Amygdala

Reduced Brain Weight Insular Cortices

Basal Ganglia

Microscopic Neuropathology Thalamus

Amyloid Beta (Aβ) Deposition (variable) Hypothalamus

Multifocal Axonal Varicosities Brainstem

Frontal and Temporal cortex Hyperphosphorylated Tau

Subcortical white matter Perivascular in the neocortex

Deep white matter tracts Depths of sulci

Diffuse Axonal Loss Superficial layers of cerebral cortex

Subcortical White Matter

White Matter Tracts

Described as “characteristic” of CTE in subsequent review papers



ARTAG Pathology Characterized as 

CTE Pathology

In previous review papers and studies, perivascular, subpial, and 

periventricular p-tau has been described as characteristic of CTE 

(McKee et al., 2009; McKee et al., 2010; McKee & Robinson, 2014; McKee et al., 2013; Mez, Stern, & 

McKee, 2013; Montenigro, Corp, Stein, Cantu, & Stern, 2015; Omalu, 2014; Omalu et al., 2011; Riley, 

Robbins, Cantu, & Stern, 2015; Stern et al., 2013; Stern et al., 2011).

However, p-tau in these regions has recently been reported to be 

characteristic of "age-related tau astrogliopathy (ARTAG)" (Kovacs et al., 

2016) and “primary age-related tauopathy” (PART; Crary et al., 2014), which 

blurs the distinction between neuropathology characteristic of CTE 

and age-related p-tau deposits.







Gross Pathologic Features Microscopic Neuropathology

*Cavum Septum Pellucidum Neuronal Loss

Lateral or *Third Ventricle Enlargement Hippocampus

Frontal Atrophy Entorhinal Cortex

Temporal Atrophy Amygdala

Diencephalon Atrophy Locus Coeruleus

Basal Ganglia Atrophy Substantia Nigra

Brainstem Atrophy Medial Thalamus

Cerebellar Atrophy TAR DNA-binding protein 43 (TDP-43)

Thinning of the Hypothalamic Floor Frontal Cortex

*Shrinkage of the Mammillary Bodies *Medial Temporal Cortex

Pallor of the Substantia Nigra *Hippocampus

Hippocampal Sclerosis *Amygdala

Reduced Brain Weight Insular Cortices

Basal Ganglia

Microscopic Neuropathology Thalamus

Amyloid Beta (Aβ) Deposition (variable) Hypothalamus

Multifocal Axonal Varicosities Brainstem

Frontal and Temporal cortex Hyperphosphorylated Tau

Subcortical white matter Perivascular in the neocortex

Deep white matter tracts **Depths of sulci

Diffuse Axonal Loss *Superficial layers of cerebral cortex

Subcortical White Matter

White Matter Tracts

White: Previously claimed as “characteristic”, Red: Consensus-based “pathognomonic”, Yellow: Consensus-based “supportive”.



Recent Findings

• CTE Pathology:

– In Women (Ling et al., 2015),

– In those with Multiple System Atrophy (Koga et al., 

2016),

– In people with substance abuse and no known 

neurotrauma (Noy et al., 2016),

– In people with no substance abuse and no known 

neurotrauma (Noy et al., 2016),

– In a man with ALS and no known neurotrauma (Gao et 

al., 2017)





Canadian Study: Noy and Colleagues



Canadian Study

• Examined 111 brains in a routine neuropathology service. 

• Ages: 18-60 (to reduce pre-clinical neurodegenerative 
disease findings)

• Only one subject had a history of sports participation.

• 4.5% had CTE pathology (3 cases of Stage I and 2 cases of 
Stage II). 

• However, they made the important observation that there is 
no lower bound for classifying Stage I CTE pathology, so 
if they included tiny amounts of pathology characteristic of 
Stage I, an additional 34 cases were identified (30.6% of 
the sample). 



• Therefore, of the total sample, 35.1% had some 
degree of mild CTE pathology. 

• Factors that were associated with the presence of 
CTE pathology were age, history of traumatic 
brain injury, and substance abuse. 

• Some of the cases had no known history of 
traumatic brain injury. 

• There was no association between CTE pathology 
and psychiatric illness in this sample. 



CTE-Like Pathology in ALS



CTE: Clinical Features



Symptoms and Problems Attributed to 

CTE Have Evolved Over the Past Few 

Years

• Broad and diverse symptoms and problems 
have now been attributed to CTE (e.g., 
headaches, anxiety, depression, suicide, and 
dementia).

• The symptoms and problems attributed to CTE 
are similar to depression and to behavioral-
variant frontotemporal dementia.





New Diagnosis:

Traumatic Encephalopathy Syndrome

• In 2014, Montenigro and colleagues proposed 
a new syndrome called Traumatic 
Encephalopathy Syndrome. 

• This syndrome is extraordinarily broad in 
scope, encompassing people with depression, 
anger control problems, and those with late-
stage dementia. 



Examples of Breadth of TES Diagnosis

• If a person played high school and collegiate 
sports (for at least 2 years at the college level) and 
had:

– Depression + Anxiety + Headaches

– Depression + Suicidality + Anxiety

– Depression + Suicidality + Headaches

– Anger Control Problems + Anxiety + Headaches

– Anger Problems + Excessive Gambling + Headaches

– Mild Cognitive Impairment + Depression + Anxiety

– Dementia + Apathy + Parkinsonism



Suicide
• In 2010, Omalu and colleagues introduced in the 

published literature that suicidality was a prominent 
clinical feature of CTE. 

• This conclusion appears to be based on the fact that 
two of the three cases examined by Omalu
completed suicide. 

• It had been introduced in the media, however, 
hundreds of times prior to the publication of this 
article. 



Suicide was not a Feature in the Roberts 

(1969) Book or in the McKee et al. (2009) 

Review of All Known Cases

• In their published review of all known cases up to 
2009, McKee and colleagues did not consider 
suicidality to be associated with, or a clinical feature 
of, CTE. 

• It was not included in their extensive tables as a 
possible clinical feature or discussed as such in the 
article. 

• In contrast, suicide is now widely cited in the 
literature as a clinical feature of CTE. 



Suicide

• Suicide was not considered a clinical feature in 
the first 80 years of writing relating to CTE. 

• There were no confirmed cases of suicide in the 
Roberts (1969) random sample of retired boxers. 
1 person had a suspicious cause of death.

• At present, there are no published cross-sectional, 
epidemiological, or prospective studies showing a 
relation between contact sports, CTE, and risk of 
suicide. 





Former NFL Players have a Lower Risk for Death 

by Suicide than Men in the General Population



A Study Focused on 

Neurodegenerative Diseases

Former NFL Players



Lehman et al., 2012

Same Cohort of 3,439 Retired Players with 334 Deaths as 

Used by Baron et al, 2012



Lehman et al., 2012

• “The neurodegenerative mortality of this cohort is 
3 times higher than that of the general US 
population; that for 2 of the major 
neurodegenerative subcategories, AD and ALS, is 
4 times higher.”

• “These results are consistent with recent studies 
that suggest an increased risk of 
neurodegenerative disease among football 
players.”



The Raw Data

• Of the 334 death certificates reviewed, the number of 

times neurodegenerative diseases were listed as an 

underlying or contributing cause of death were as 

follows:

– Alzheimer’s Disease/Dementia = 7

– Parkinson’s Disease = 3

– ALS = 7





High School Football Players Compared to

Band, Glee Club, and Choir (1946-1956)

• “We found no increased risk of dementia, PD, or 

ALS among the 438 football players compared with 

the 140 non-football-playing male classmates.” 

• “Parkinson disease and ALS were slightly less 

frequent in the football group, whereas dementia 

was slightly more frequent, but not significantly so.” 



Second Study: No Increased Risk



Cognitive and 

depression outcomes 

later in life were found 

to be similar for high 

school football players 

and their non-playing 

counterparts from the 

mid-1950s in 

Wisconsin.



Conclusions

➢Neuroimaging studies show modest evidence of 

macrostructural, microstructural, functional, and 

neurochemical changes in some athletes.

➢ Some former athletes in contact, collision, and combat 

sports suffer from depression and cognitive deficits later 

in life.

➢There is an association between these deficits and a 

history of multiple concussions in some studies.

➢ Former athletes are not at increased risk for death by 

suicide.



➢ Former high school American football players do not 
appear to be at increased risk for later life 
neurodegenerative diseases according to two studies.

➢ Retired professional American football players may be 
at increased risk for mild cognitive impairment.

➢An increased risk for neurodegenerative diseases in 
retired American football players is suggested in one 
study examining death certificates, but more research is 
needed.



• It is important to appreciate, however, that survey 

studies of former collegiate and professional athletes 

indicate that the majority of people rate their 

functioning as normal and consistent with the general 

population



Some Important Unanswered 

Questions Relating to CTE

1. Prevalence

2. Genetic or other risk factors

3. Resilience factors

4. Clinical diagnostic criteria

5. Extent to which the neuropathology 

causes specific clinical symptoms or 

problems

6. Extent to which the neuropathology is 

progressive

7. Extent to which the clinical            

features are progressive


