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Abstract

Repetitive mild traumatic brain injury (mTBI), such as that experienced by contact-sport athletes, has been associated with
the development of chronic traumatic encephalopathy (CTE). Executive dysfunction is believed to be among the earliest
symptoms of CTE, with these symptoms presenting in the fourth or fifth decade of life. The present study used a well-
validated self-report measure to study executive functioning in football players, compared to healthy adults. Sixty-four
college and professional football players were administered the Behavior Rating Inventory of Executive Function, adult
version (BRIEF-A) to evaluate nine areas of executive functioning. Scores on the BRIEF-A were compared to published
age-corrected normative scores for healthy adults Relative to healthy adults, the football players indicated significantly
more problems overall and on seven of the nine clinical scales, including Inhibit, Shift, Emotional Control, Initiate,
Working Memory, Plan/Organize, and Task Monitor. These symptoms were greater in athletes 40 and older, relative to
younger players. In sum, football players reported more-frequent problems with executive functioning and these symp-
toms may develop or worsen in the fifth decade of life. The findings are in accord with a growing body of evidence that

participation in football is associated with the development of cognitive changes and dementia as observed in CTE.
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Introduction

TRAUMATIC BRAIN INJURY (TBI) is a significant public health
problem. It is estimated that approximately 1.7 million TBIs
occur in the United States annually, resulting in emergency de-
partment visits, hospitalization, or death, with direct and indirect
costs totaling approximately $76.5 billion a year.' Moderate to
severe TBI (sTBI) is associated with a wide range of long-term
cognitive deficits.* Though early research focused on the effects of
moderate to sTBI, attention has increasingly turned to the long-
term consequences of repetitive mild TBI (mTBI), such as that
experienced by contact-sport athletes. It has been estimated that
1.6-3.8 million sport-related mTBIs occur annually,® with the
greatest number occurring in football.”® With over 60 million
youth and adolescents participating in organized sports each year, a
number that increased by 16 million from 1997 to 2008, sport-
related TBI is an important and growing public health concern.”'®

The recent deaths of several high-profile athletes have resulted in
significant public and scientific interest in the long-term effects of
mTBI and chronic traumatic encephalopathy (CTE), a progressive
neurodegenerative disease linked to repetitive brain trauma. Hel-
met sensor data indicate that football players can experience more
than 1000 hits to the head over the course of a season.'' This
repetitive exposure has been associated with the development of
CTE and changes in cognition, mood, and behavior that begin in the
fourth to fifth decade of life and eventually progress to dementia.'>™"”
Epidemiological studies indicate that professional football players
are at least four times more likely to receive a diagnosis of memory
impairment or dementia and have at least a three times greater risk
of dying from a neurodegenerative disease, compared to the general
population.'”'® To date, all cases of neuropathologically confirmed
CTE have had a history of repetitive brain trauma; therefore, re-
petitive brain trauma appears necessary for the development of the
disease.'>!? However, brain trauma alone is insufficient to lead to
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neurodegeneration in all individuals (i.e., not everyone with re-
petitive TBI gets CTE)."”

To date, relatively few studies have examined cognitive func-
tioning in football players during life. Amen and colleagues found
that active and retired football players scored in the bottom 50th
percentile on three indices (attention/mental control, memory, and
reasoning) of a computerized assessment of neuropsychological
status.”® Former university hockey and football players who sus-
tained concussions have been found to perform worse on measures
of memory and attention/executive function decades after their last
concussion.”' These studies indicate that executive functioning is
impaired in former contact-sport athletes many years after the
athlete’s last exposure to brain trauma.

The long-term effects of repetitive brain trauma on cognition
have yet to be examined using a standardized self-report measure of
executive function. The Behavior Rating Inventory of Executive
Function, adult version (BRIEF-A) was chosen for this study be-
cause of its use in clinical neuropsychological assessments and well-
established normative data. Additionally, reports indicate that the
BRIEF-A is sensitive to early executive deficits, before they might
typically present on objective measures of cognitive function.*>
The aim of this study was to examine executive function in current
and retired college and professional football players, a group at high
risk of exposure to repetitive mTBI, using the BRIEF-A. We hy-
pothesized that these football players would report more-frequent
problems with executive functioning than healthy, same-age con-
trol participants. Because CTE symptoms typically present in the
fourth or fifth decade of life, we hypothesized that football players
over 40 years of age would report more-frequent problems than
younger athletes.

Methods

This project was part of an ongoing longitudinal study exam-
ining cognitive function in current and former athletes. Inclusion
criteria include being at least 18 years old and having a history of
participation in organized sports at any level of competition. Re-
cruitment methods include the following: (1) inclusion of the study
on the Center’s website and the website of the Sports Legacy
Institute; (2) lectures and presentation at a variety of events for
athletes at all levels of play; and (3) word of mouth. All participants
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are self-referred. This larger project (the Longitudinal Examination
to Gather Evidence of Neurodegenerative Disease; LEGEND),
requires completion of yearly telephone interviews and online
questionnaires. Participants are sent an e-mail link to complete the
online questionnaires, which include self-report measures of cog-
nition, mood, and performance on activities of daily living. De-
mographic characteristics, athletic experience, and concussion
history, as well as participant and family medical and psychiatric
history, are also obtained. Subsequent to completion of the online
questionnaires, participants are contacted by phone to complete the
telephone interview. The present study included all college and
professional football players in the LEGEND study at the time of
data analysis.

Participants

Participants included 64 male current and retired football play-
ers, ranging from 25 to 81 years of age (mean, 47.0; standard de-
viation, 13.6). All LEGEND participants with a history of
participation in college or professional football were selected for
analysis. The football players were grouped by highest level
achieved and age greater than or equal to 40. Demographic and
athletic characteristics of the groups are listed in Table 1. All
participants provided informed consent for the protocol approved
by the Boston University Medical Center Institutional Review
Board (Boston, MA).

Measures and procedures

Participants completed an online version of the BRIEF-A, a
75-item self-report measure of executive functioning in everyday
activities over the past 30 days. Participants were instructed to
answer the following question for each statement: ‘‘During the
past month, how often has each of the following behaviors been a
problem?”” Responses use a three-point scale, scored as follows:
never=1; sometimes=2; and often=3. Higher scores indicate
worse executive function. These responses yield an overall
composite score (Global Executive Composite; GEC), two index
scores [Behavioral Regulation Index (BRI) and Metacognition
Index (MI)], and the following nine clinical scales: Inhibit; Shift;
Emotional Control; Self-Monitor; Initiate; Working Memory;
Plan/Organize; Task Monitor; and Organization of Materials.
Each clinical scale includes 6-10 items. The BRI index is com-
posed of the Inhibit, Shift, Emotional Control, and Self-Monitor

TABLE 1. DEMOGRAPHIC CHARACTERISTICS

AP CF PF <40 >40

Characteristic (n=64) (n=35) (n=29) (n=22) (n=42)
Mean age, years (SD) 47.0 (13.6) 459 (14.1) 48.3 (13.0) 33.0 3.9) 54.3 (10.8)
Age range 25-81 25-78 27-81 25-39 41-81
Education (terminal degree)

High school/GED, % 1.6 34 0 2.4

Associates/certification, % 1.6 2.9 0 4.5 0

Bachelor’s degree, % 65.6 57.1 75.9 68.2 64.3

Master’s or doctoral degree, % 31.3 20.7 27.3 333
Athletic history
Total years of football (SD) 13.0 (5.1) 9.5 (2.7) 17.2 (3.9)* 11.8 (4.3) 13.6 (5.4)
Years played in college (SD) 3.7 (1.0) 3.3 (1.3) 4.2 (S)* 3.7 (1.1) 3.9 (0.85)
Years played professionally (SD) 3.0 (4.1) N/A 6.4 (3.6) 2.2 (3.8) 3.6 (4.2)
Professional: college N/A N/A N/A 8:14 21:21
Number of concussions (SD) 350.8 (2516.0) 24.9 (23.8) 758.1 (3771.7) 22.8 (223.2) 526.7 (3117.8)

<40 indicates players 39 years of age and younger, whereas =40 indicates players 40 or more years of age.

*Significant differences between CF and PF (alpha=0.05).
"Significant differences between <40 and >40 (p<0.05).

AP, all players; CF, college players; PF, professional players; SD, standard deviation; GED, General Educational Development.
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subscales, and the MI index is composed of the Initiate, Working
Memory, Plan/Organize, Task Monitor, and Organization of
Materials subscales.

Concussion history was obtained during a phone interview.
Participants were provided the following definition of concussion:

“Some people have the misconception that concussions only happen
when you black out after a hit to the head or when the symptoms last
for a while. But, in reality, a concussion has occurred anytime you
have had a blow to the head that caused you to have symptoms for
any amount of time. These include: blurred or double vision, seeing
stars, sensitivity to light or noise, headache, dizziness or balance
problems, nausea, vomiting, trouble sleeping, fatigue, confusion,
difficulty remembering, difficulty concentrating, or loss of con-
sciousness. Whenever anyone gets a ding or their bell rung, that too
is a concussion”

Based on this definition, participants were asked to state ap-
proximately how many total concussions they have had during
their life.

Statistical analysis

Scores on the BRIEF-A were converted to age-appropriate T
scores based on published normative data, which include 1050
participants selected to proportionally represent the U.S. pop-
ulation in regard to sex, race/ethnicity, education, and geo-
graphic region.?* Elite football players may differ from this
normative population in several ways, including exposure to
repetitive brain trauma, physical stature (height and weight),
educational attainment (generally higher), health (alcohol use,
heart disease, arthritis, chronic pain, orthopedic issues, number
of surgeries, depression, dementia, and use of medications), and
health-related behaviors (increased alcohol use, decreased
smoking, and illicit drug use).”* For comparison of mean scores
with normative data, one-sample z-tests were performed. For
between-group comparisons, z-tests for two independent sam-
ples were performed. When indicated by Levene’s test for
equality of variances, degrees of freedom were adjusted to ac-
count for unequal variances. Because there were cases with zero
counts in some cells, rates of clinically elevated scores (i.e.,
percent of individuals with a T score >65) were compared to
additional normative data using Fisher’s exact test. For the
overall composite score (GEC) and index scores (BRI and MI),
an alpha level of 0.05 was adopted. To control for type I errors,
analyses of the nine clinical scales were conservatively adjusted
for multiple comparisons using Bonferroni’s correction (0.05/
9=0.006). Analyses of the individual clinical scales were per-
formed when significant group effects were observed on the
overall composite score or one of the two index scores.

Results

Comparison between college and professional
football players

Effects of competition level (i.e., professional vs. college) on the
overall composite score and the two index scores were examined by
independent sample 7-tests. Scores on the GEC were similar be-
tween groups (#(44.2)=2.0; p=0.06). Professional and college
football players indicated similar functioning on the BRI index
(1(49.3)=1.9; p=0.06), but the professional athletes reported more-
frequent executive functioning problems on the MI index
(1(42.7)=2.4; p<0.05). Analyses of clinical scales revealed similar
ratings between groups at each of the nine scales (all p val-
ues >0.006). Given the similarity between groups, data from col-
lege and professional football players were combined for
subsequent analyses.
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Comparison between football players and normative
data for healthy adults

Effects of participation in football were examined by one-
sample #-tests comparing age-adjusted T scores with the known
population mean of 50. Significant group differences were ob-
served on GEC (#(63)=5.4; p <0.05), MI (#(63)=5.3; p<0.05), and
BRI (#(63)=5.2; p<0.05). Analyses of the clinical scales indicated
significant group effects on seven of the nine scales: Inhibit
(t(63)=5.8; p<0.006); Shift (#(63)=4.4; p<0.006); Emotional
Control (#(63)=4.9; p<0.006); Initiate (#7(63)=4.6; p<0.006);
Working Memory (#(63)=6.6; p<0.006); Plan/Organize
(1(63)=3.9; p<0.006); and Task Monitor (#(63)=4.8; p<0.006).
Differences between groups on Organization of Materials reached
the corrected alpha level of 0.006, but was not below this threshold
(1(63)=2.8; p=0.006), and groups were similar on Self-Monitor
(1(63)=1.4; p=0.16). Across all scales, the football players indi-
cated worse functioning than the normative sample.

Rates of clinically elevated scores (i.e., T scores =65) between
groups were examined by Fisher’s exact test. Significant group
differences emerged on GEC 21, n=90)=9.1; p<0.05), MI
(31, n=90)=13.3; p<0.05), and BRI (x’(1, n=90)=8.5;
p=0.05). Analyses of the clinical scales indicated significant group
effects on five of the nine scales: Inhibit (x*(1, n=90)=38.5;
p<0.006); Shift (*’(1, n=90)=7.9; p<0.006); Initiate (x*(1,
n=90)=9.1; p<0.006); Working Memory 31, n=90)=13.3;
p<0.006); and Plan/Organize (x*(1, n=90)=11.1, p <0.006). The
rate of clinically elevated scores was similar between groups on the
remaining four scales: Emotional Control 31, n=90)=5.9;
p=0.02); Self-Monitor (xZ( 1, n=90)=5.6; p=0.02); Task Monitor
(1, n=90)=4.5; p=0.05); and Organization of Materials q,
n=90)=2.0; p=0.27). Across all scales, the football players had
higher rates of clinically elevated scores than the normative sample.

Comparison between younger
and older football players

Effects of age group (i.e., <40 vs. =40 years) on the overall
composite score and the two index scores were examined by in-
dependent sample #-tests. Older athletes indicated more-frequent
problems overall (#(62)=2.7; p<0.05), on the BRI (#56.0)=3.3;
p=0.05); and on the MI indices (#(62)=2.1; p<0.05), when com-
pared to younger athletes. Analyses of clinical scales revealed
group differences on two of the nine scales. Older football players
indicated experiencing more problems on the Emotional Control
(1(62)=2.9; p <0.006) and Initiate (#(55.8) =3.2; p <0.006) clinical
scales. Scores on the remaining scales were similar between
groups, including Inhibit (#(57.7) = 1.8; p=0.08), Shift (#(62)=2.5;
p=0.01), Self-Monitor (#62)=2.7; p=0.01), Working Memory
(#(62)=1.4; p=0.16), Plan/Organize (#(62)=1.9; p=0.07), Task
Monitor (#(62)=2.5; p=0.02), and Organization of Materials
(1(62)=1.5; p=0.14; see Table 3).

Correlations between BRIEF-A and athletic history

Correlations between BRIEF-A scores, self-reported concus-
sions, and years playing football were determined by Pearson’s
correlation coefficients for all participants, separately for level of
play and age groups. The number of self-reported concussions was
log-transformed because of the non-normal distribution of these
data. Overall, 56 of the 64 participants (87.5%) reported experi-
encing 55 or fewer concussions. For the remaining 8 participants, 6
reported experiencing between 100 and 140 concussions, 1
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TABLE 2. COMPARISON OF AGE-ADJUSTED T SCORES BETWEEN FOOTBALL PLAYERS (COLLEGE AND HIGHER)
AND NORMATIVE DATA FOR HEALTHY ADULTS ON THE BRIEF-A

Football players* Football* vs. healthy adults®

Mean (SD) Percent of T scores 265 T-score p value Cohen’s d T scores =265 p value
Index scores
BRI 58.2 (12.8) 26.6 0.000* 0.81 0.004*
MI 59.4 (14.2) 37.5 0.000* 0.91 0.000*
GEC 58.9 (13.2) 28.1 0.000* 0.87 0.002*
Clinical scales
Inhibit 58.4 (11.5) 26.6 0.000* 0.85 0.004*
Shift 56.3 (11.4) 25.0 0.000* 0.63 0.005*
Emotional Control 58.0 (13.0) 26.6 0.000* 0.79 0.015
Self-Monitor 52.3 (13.0) 18.8 0.159 0.23 0.018
Initiate 58.1 (14.1) 28.1 0.000* 0.79 0.002*
Working Memory 62.4 (15.0) 37.5 0.000%* 1.20 0.000*
Plan/Organize 56.9 (14.1) 32.8 0.000* 0.67 0.001*
Task Monitor 57.6 (12.6) 28.1 0.000* 0.75 0.035
Organization of Material 54.3 (11.9) 14.1 0.006 0.43 0.162

Scores from football players were compared to age-adjusted normative data published in the BRIEF-A manual.

n=064.
°n=1050.

*Significant group differences (index scores, alpha<0.05; clinical scales, alpha <0.006).
BRI, Behavioral Regulation Index; MI, Metacognition Index; GEC, Global Executive Composite; SD, standard deviation.

reported experiencing approximately 350 concussions, and 1 re-
ported experiencing approximately 20,000 concussions. These
analyses were performed to determine if total years of play and/or
number of concussions contributed to the between-group findings.
In the overall sample, total number of years played correlated with
Working Memory (r=0.29; p <0.05), and number of self-reported
concussions correlated with Emotional Control (r=0.26; p <0.05)
and Initiate (r=0.32; p<0.05). In the younger than 40 group,

TABLE 3. COMPARISON BETWEEN AGE-ADJUSTED T SCORES
ON BRIEF-A BETWEEN PLAYERS YOUNGER
AND OLDER THAN 40 YEARS

Football players  Football
less than players
40 years 40 and older  p
of age (n=22) (n=42) value
Index scores®
BRI* 52.0 9.4) 61.5 (13.2) 0.002
MI* 54.5 (13.9) 62.0 (13.8) 0.043
GEC* 53.1 (10.7) 62.0 (13.5) 0.010
Clinical scales®
Inhibit 55.3 (8.5) 60.1 (12.5) 0.075
Shift 51.5 (9.9) 58.8 (11.4) 0.014
Emotional Control* 51.9 (9.9) 61.2 (13.4) 0.005
Self-Monitor 46.5 (10.1) 55.4 (13.4) 0.008
Initiate* 51.4 (10.5) 61.6 (14.6) 0.002
Working Memory 58.7 (12.0) 64.3 (16.2) 0.158
Plan/Organize 52.4 (11.8) 59.2 (14.7) 0.067
Task Monitor 52.4 (10.9) 60.4 (12.7) 0.015
Organization of Material 51.2 (10.3) 55.9 (12.5) 0.138

All means and standard deviations are reported.

“Alpha level =0.05.

®Alpha level was adjusted to 0.006.

*Statistically significant.

BRI, Behavioral Regulation Index; MI, Metacognition Index; GEC,
Global Executive Composite.

number of self-reported concussions correlated with Inhibit
(r=0.54; p<0.05). In the older than 40 group, total number of years
played correlated with Working Memory (r=0.37; p<0.05). No
other correlations were significant.

Discussion

In this study, we examined a self-report measure of executive
function in current and retired college and professional football
players, a group with high exposure to repetitive brain trauma.
Overall, we found that football players reported more-frequent
problems with executive function in everyday activities, when
compared to published normative data for healthy individuals of the
same age and representative of the U.S. population in regard to sex,
race/ethnicity, education, and geographic region. Scores were el-
evated overall, as well as on specific indices of the ability to control
behavior and emotional responses and the ability to methodically
solve problems through planning, organization, and sustaining ef-
fort. Despite higher scores overall, considerable variability was
observed across participants, indicating that not all elite football
players experience executive dysfunction.

It should be highlighted that the football players reported a nor-
mal frequency of problems on monitoring the effects of their be-
havior on others. Taken together, this profile suggests that football
players may be aware of any effects they may have on others, but are
unable to change their behavior because of weaknesses in thinking
flexibly and inhibition. It is plausible that this may contribute to
depression observed in former athletes with CTE.'® It should be
emphasized that executive dysfunction has several etiologies, and
not all football players with these symptoms will develop CTE.

Consistent with our hypothesis, football players 40 years of age
and older reported more frequent problems with the ability to control
behavior and emotional responses, even after the data were corrected
for age. This finding provides additional evidence to suggest that
problems with executive function in football players develop or
worsen after 40 years of age. Alternatively, differences between age
groups could be a cohort effect, reflecting changes in professional
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football over the decades (e.g., development of new protective
equipment or differences in individuals that choose to participate).
Longitudinal studies are needed to better understand this finding.

Although we believe this study has several strengths, there are
also a number of important limitations that require discussion.
Scores on the BRIEF-A were compared to normative data, which is
not an ideal comparison group for elite athletes. Future studies
would benefit from having a comparison group of elite non-contact-
sport athletes. If results were similar, the findings would further
suggest that this executive dysfunction results from repeated mTBI.
Because of recent publicity surrounding CTE and the self-referral in
our study, it may be that only symptomatic individuals who were
concerned about their cognitive functioning volunteered. If this
were the case, however, we would have expected to observe very
few scores in the normal range. In contrast, nearly one third (31.3%)
of the participants had overall scores at or below the expected value
for their age (i.e., T score of 50), and for the majority of participants
(71.8%), the overall score was below the clinically meaningful
threshold (i.e., T score of 65). Because of the inclusion of current
and recently retired players, it is possible that some of the executive
function problems reported stem from residual postconcussive
syndrome. In this case, we would have expected to find higher
scores in the younger players. In contrast, we observed higher scores
in football players older than 40. Given the retrospective nature of
this study, it is impossible to determine whether these findings stem
from the effects of participation in football or whether individuals
with these characteristics seek out this sport initially. Future pro-
spective studies examining change in executive function over time
are needed. Although the BRIEF-A has good convergent validity
with other questionnaires, future studies will benefit from also using
objective measures of executive functioning in addition to self-
report measures. Finally, we did not exclude individuals with a history
of repeated brain trauma from participation in other contact sports or
non-sport-related TBIs, which may have also affected the results.

In summary, our results indicate that college and professional
football players experience more problems with executive func-
tions in everyday activities than would be expected for their age,
and these symptoms appear to develop or worsen in the fifth decade
of life. Future longitudinal studies are needed to confirm these
initial results. The findings are in accord with a growing body of
evidence that participation in football may be associated with the
development of cognitive changes and dementia observed in indi-
viduals with CTE.

Acknowledgments

This work was supported by the Boston University Alzheimer’s
Disease Center (NIA P30 AG13846, supplement 0572063345-5),
the National Institutes of Health (ROINS078337), a grant from the
National Operating Committee on Standards for Athletic Equip-
ment, the Sports Legacy Institute, the Center for the Integration of
Medicine and Innovative Technology, and an unrestricted gift from
the National Football League. A portion of this research was pre-
sented at the 2012 Military Health System Research Symposium, in
Fort Lauderdale, FL, August 13-16, 2012.

The authors thank all the individuals who participated in this
study. Brian Stamm and Andrew Brennan provided expert techni-
cal support.

Author Disclosure Statement

No competing financial interests exist.

1303

References

1. Faul, M Z.L., Wald, M.M., and Coronado, V.G. (2010). Traumatic
brain injury in the United States: emergency department visits,
hospitalizations, and deaths. Centers for Disease Control and Pre-
vention, National Center for Injury Prevention and Control:
Atlanta, GA.

2. Control C.fI.P.a. (2003). Report to Congress on mild traumatic
brain injury in the United States: steps to prevent a serous public
health problem. Centers for Disease Control and Prevention:
Atlanta, GA.

3. Finkelstein, E., Corso, P., and Miller, T. (2006). The Incidence and
Economic Burden of Injuries in the United States. Oxford University
Press: New York.

4. Dikmen, S.S., Corrigan, J.D., Levin, H.S., Machamer, J., Stiers, W.,
and Weisskopf, M.G. (2009). Cognitive outcome following traumatic
brain injury. J. Head Trauma Rehabil. 24, 430-438.

5. Langlois, J.A., Rutland-Brown, W., and Wald, M.M. (2006). The
epidemiology and impact of traumatic brain injury: a brief overview.
J. Head Trauma Rehabil. 21, 375-378.

6. Daneshvar, D.H., Nowinski, C.J., McKee, A.C., and Cantu, R.C.
(2011). The epidemiology of sport-related concussion. Clin Sports
Med. 30, 1-17, vii.

7. Hootman, J.M., Dick, R., and Agel, J. (2007). Epidemiology of col-
legiate injuries for 15 sports: summary and recommendations for in-
jury prevention initiatives. J. Athl. Train. 42,311-9.

8. Gessel, L.M., Fields, S.K., Collins, C.L., Dick, R.W., and Comstock,
R.D. (2007). Concussions among United States high school and col-
legiate athletes. J. Athl. Train. 42, 495-503.

9. Promotion N.C.f.C.D.P.H. (2006). Behavioral risk factor surveil-
lance system: exercise: Centers for Disease Control and Prevention:
Atlanta, GA.

10. National Council of Youth Sports. (2008) Report on Trends and
Participation in Organized Youth Sports. National Council of Youth
Sports: Stuart, FL.

11. Gysland, S.M., Mihalik, J.P., Register-Mihalik, J.K., Trulock, S.C.,
Shields, E.-W., and Guskiewicz, K.M. (2012). The relationship be-
tween subconcussive impacts and concussion history on clinical
measures of neurologic function in collegiate football players. Ann.
Biomed. Eng. 40, 14-22.

12. Omalu, B.I., DeKosky, S.T., Hamilton, R.L., Minster, R.L., Kamboh,
M.IL., Shakir, A.M., and Wecht C.H. (2006). Chronic traumatic en-
cephalopathy in a national football league player: part II. Neurosur-
gery 59, 1086-1092; discussion, 1092-1093.

13. Omalu, B.I,, DeKosky, S.T., Minster, R.L., Kamboh, M.I., Hamilton,
R.L., and Wecht, C.H. (2005). Chronic traumatic encephalopathy in a
National Football League player. Neurosurgery 57, 128-134; discus-
sion, 134.

14. Omalu, B.I., Hamilton, R.L., Kamboh, M.I., DeKosky, S.T., and
Bailes, J. (2010). Chronic traumatic encephalopathy (CTE) in a Na-
tional Football League Player: case report and emerging medicolegal
practice questions. J. Forensic Nurs. 6, 40—46.

15. McKee, A.C., Cantu, R.C., Nowinski, C.J., Hedley-Whyte, E.T., Ga-
vett, B.E., Budson, A.E., Santini, V.E., Lee, H.S., Kubilus, C.A., and
Stern, R.A. (2009). Chronic traumatic encephalopathy in athletes:
progressive tauopathy after repetitive head injury. J. Neuropathol.
Exp. Neurol. 68, 709-735.

16. McKee, A.C., Gavett, B.E., Stern, R.A., Nowinski, C.J., Cantu, R.C.,
Kowall, N.W., Perl, D.P., Hedley-Whyte, E.T., Price, B., Sullivan, C.,
Morin, P., Lee, H.S., Kubilus, C.A., Daneshvar, D.H., Wulff, M., and
Budson, A.E. (2010). TDP-43 proteinopathy and motor neuron disease
in chronic traumatic encephalopathy. J. Neuropathol. Exp. Neurol. 69,
918-929.

17. Guskiewicz, K.M., Marshall, S.W., Bailes, J., McCrea, M., Cantu,
R.C., Randolph, C., and Jordan, B.D. (2005). Association between
recurrent concussion and late-life cognitive impairment in retired
professional football players. Neurosurgery 57, 719-726; discus-
sion, 726.

18. Lehman, E.J., Hein, M.J., Baron, S.L., and Gersic, C.M. (2012).
Neurodegenerative causes of death among retired National Football
League players. Neurology 12, 1970-1974.

19. McKee, A.C., Stern, R.A., Nowinski, C.J., Stein, T.D., Alvarez, V.E.,
Daneshvar, D.H., Lee, H.S., Wojtowicz, S.M., Hall, G., Baugh, C.M.,
Riley, D.O., Kubilus, C.A., Cormier, K.A., Jacobs, M.A., Martin,
B.R., Abraham, C.R., Ikezu, T., Reichard, R.R., Wolozin, B.L.,



1304

20.

21.

22.

Budson, A.E., Goldstein, L.E., Kowall, N.W., and Cantu, R.C. (2013).
The spectrum of disease in chronic traumatic encephalopathy. Brain
Jan 29. doi: 10.1093/brain/aws307.

Amen, D.G., Newberg, A., Thatcher, R., Jin, Y., Wu, J., Keator, D.,
and Willeumier, K. (2011). Impact of playing American professional
football on long-term brain function. J. Neuropsychiatry Clin. Neu-
rosci. 23, 98-106.

De Beaumont, L., Theoret, H., Mongeon, D., Messier, J., Leclerc, S.,
Tremblay, S., Ellemberg, D., and Lassonde, M. (2009). Brain function
decline in healthy retired athletes who sustained their last sports
concussion in early adulthood. Brain 132, 695-708.

Rabin, L.A., Roth, R.M., Isquith, P.K., Wishart, H.A., Nutter-Upham,
K.E., Pare, N., Flashman, L.A., and Saykin, A.J. (2006). Self- and
informant reports of executive function on the BRIEF-A in MCI and
older adults with cognitive complaints. Arch. Clin. Neuropsychol. 21,
721-732.

SEICHEPINE ET AL.

23. Roth, R.M., Isquith, P.K., and Gioia, G.A. (2005). BRIEF-A: Behavior
Rating Inventory of Executive Function—Adult Version: Professional
Manual. Psychological Assessment Resources: Lutz, FL.

24. Weir, D.R., Jackson, J.S., and Sonnega, A. (2009). National football
league player care foundation. Study of retired NFL players. Institute
for Social Research, University of Michigan, 1-37.

Address correspondence to:

Robert A. Stern, PhD

Center for the Study of Traumatic Encephalopathy
Boston University

72 East Concord Street, Suite B7800

Boston, MA 02118

E-mail: bobstern@bu.edu



