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Abstract

We sought to determine whether the exposure to the sub-concussive blows that occur during division III collegiate
collision sports affect later life neurobehavioral quality-of-life measures. We conducted a cross-sectional study of alumni
from four division III colleges, targeting those between the ages of 40-70 years, using several well-validated quality-of-
life measures for executive function, general concerns, anxiety, depression, emotional and behavior dyscontrol, fatigue,
positive affect, sleep disturbance, and negative consequences of alcohol use. We used multivariable linear regression to
assess for associations between collision sport participation and quality-of-life measures while adjusting for covariates
including age, gender, race, annual income, highest educational degree, college grades, exercise frequency, and common
medical conditions. We obtained data from 3702 alumni, more than half of whom (2132) had participated in collegiate
sports, 23% in collision sports, 23% in non-contact sports. Respondents with a history of concussion had worse self-
reported health on several measures. When subjects with a history of concussion were removed from the analyses in order
to assess for any potential effect of sub-concussive blows alone, negative consequences of alcohol use remained higher
among collision sport athletes (f-coefficient 1.957, 95% CI 0.827-3.086). There were, however, no other significant
associations between exposure to collision sports during college and any other quality-of-life measures. Our results
suggest that, in the absence of a history of concussions, participation in collision sports at the Division III collegiate level
is not a risk factor for worse long-term neurobehavioral outcomes, despite exposure to repeated sub-concussive blows.
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Introduction school and collegiate football players may sustain as many as 1400—
1800 head impacts during a single season.'®!! The short-term clin-
RECENTLY PUBLISHED CASE REPORTS have described former ical significance of these sub-concussive blows remains unclear, with

athletes who participated in collision sports, like boxing and  some studies suggesting an association with neuropsychological

American football, and later in life developed difficulties with cog-
nition, mood disorders, gait disturbance, headaches, suicidal idea-
tion, speech problems, and aggressive behavior.'™ It is broadly
assumed that these represent consequences of traumatic brain in-
juries sustained during their careers. In the absence of a history of
repeated concussions, it is assumed that the neurobehavioral findings
may result from repeated blows to the head that are not associated
with the signs and symptoms necessary for making a diagnosis of
concussion, so-called sub-concussive blows.* Although the long-
term risks of engaging in collision sports at the high school and
collegiate level are not known, studies have suggested that high

assessments,” while others found no such association.'*'® Despite
limitations in the current understanding of quantifiable risks asso-
ciated with sub-concussive blows to the head, concern stemming
from existing case reports has led some to suggest that collision
sports should be banned.'*'

There is no doubt that traumatic brain injury can cause neuro-
behavioral difficulties and these may be long lasting. We are aware
of little data, however, assessing whether exposure to collision
sports, and thus repeated sub-concussive blows to the head, in
the absence of a clinical diagnosis of concussion is associated
with an increased risk of neurobehavioral symptoms.'® In this
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study, we sought to determine whether the exposure to collision
sports of certain division III alumni was associated with later life
quality-of-life measures, particularly those assessing the neurobe-
havioral symptoms hypothesized to be associated with repeated
sub-concussive blows to the head.

Methods
Study design

The study protocol was approved by the institutional review board
of Boston Children’s Hospital. Each participant consented electron-
ically, in writing. We conducted a cross-sectional study of alumni
from four New England division III institutions, targeting alumni
between the ages of 40-70 years of age. We chose this age range
because a prior study suggested that cognitive decline is evident in
middle age.!” Each participating institution sent their alumni an in-
troductory email containing a link to an online questionnaire that was
developed using Assessment Center"™. Participating institutions
only allowed for one electronic request to be sent. Therefore, no
reminder emails were used to prompt non-responders and no other
forms of contact (e.g., phone calls, U.S. Postal Service) were used.

Assessment CenterSM is a free, online research program that
allows researchers to design a secure, customized, data collection
tool using several well-validated measures including the Patient-
Reported Outcomes Measurement Information System (PROMIS),
the National Institutes of Health (NIH) toolbox, and Neuro-QOL.
Assessment Center™™ houses a library of measures to assess health-
related quality of life. These measures parallel each other and
comprise an array of instruments derived mostly from calibrated
item banks that enable users to administer computerized adaptive
testing or short forms to assess health-related quality of life. In
addition, responses are automatically scored in reference to the
general population or a defined clinical population.

We utilized instruments from Neuro-QOL and PROMIS on the
basis of their construction and psychometric properties. Both sys-
tems identified relevant health-related quality-of-life domains
through a comprehensive literature review, expert interviews, as
well as patient and caregiver focus groups. Large calibration
studies were conducted in clinical samples and samples from the
general population of the U.S. to determine the final item banks and
scales. Developers then administered additional sampling to vali-
date the measures in disease populations. The resulting item banks
and scales have been shown to reliably assess multiple domains of
functioning, including physical, mental, and social well-being.'®

We focused our analysis on domains purported to be associated
with exposure to sub-concussive blows. We used the Neuro-QOL
measures for executive function, general concerns, anxiety, depres-
sion, emotional and behavior dyscontrol, fatigue, positive affect, and
sleep disturbance. Negative consequences of alcohol use were
measured using the PROMIS measure Alcohol: Negative Con-
sequences short form 7a. For most domains of interest, item banks
were available. This allowed for computerized adaptive testing,
which is the most precise and efficient means of measurement.

Individual item responses were given a numerical value, ranging
from 1 to 5. A total score for each scale was calculated by summing
the value of individual responses. Assessment Center software
automatically converted total scores to a standardized T-score with
a mean of 50 (standard deviation = 10) based on comparison to the
general public. For positive attributes (e.g., mobility) higher scores
reflect better functioning, whereas higher scores on undesirable
attributes (e.g., anxiety) reflect worse functioning.

Risk factors, outcomes, and covariates

Alumni were asked whether they participated in sports during
college. The sport(s) participated in and number of seasons played
was recorded. We categorized responses into: 1) collision sports, 2)
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contact sports, and 3) non-contact sports. Collision sports were
defined as those during which routine, purposeful, body-to-body
collisions occur as a legal and expected part of the game. We
included the following as collision sports: football, rugby, men’s
ice hockey, and men’s lacrosse. Contact sports were defined as
those during which body-to-body contact occurs as a recognized
part of the game, but purposeful body-to-body collisions are not
allowed. We included the following as contact sports: soccer,
basketball, baseball, softball, women’s ice hockey, women’s la-
crosse, and field hockey. Non-contact sports were defined as those
during which body-to-body contact is a rare, unexpected occur-
rence. We included the following as non-contact sports: swimming,
cross country, golf, tennis, squash, Frisbee, and volleyball. Those
athletes who participated in multiple sports were categorized as
collision sport athletes if any of their sports were collision sports.
Of the alumni who did not participate in a collision sport, any
athlete who participated in at least one contact sport was catego-
rized as a contact sport athlete.

Our primary outcome was patient reported Neuro-QOL/PROMIS
measures. Our main predictor variable was exposure to collision
sports. Covariates were chosen a priori based on clinical judgment
and previous research suggesting a potential association with our
chosen quality-of-life measures, and included age, gender, race,
annual income, highest educational degree, college grades, exercise
frequency, and the presence of common medical conditions, in-
cluding heart disease, hypercholesterolemia, obesity, diabetes,
hypertension, and a family history of dementia.

Our study aim was to determine whether the exposure to sub-
concussive blows (as opposed to concussions) that occur during
collision sports were associated with later life neurobehavioral
quality-of-life measures. Therefore, respondents who reported a
history of concussion at any point in their lives, whether sport-
related or not, were excluded from the primary analysis and con-
sidered separately. As the definition of concussion, incidence of
diagnosed concussions, and assessments used to make the diagnosis
of concussion have changed substantially over the years, we in-
cluded athletes reporting a history of concussions that were diag-
nosed by a medical professional, as well as athletes reporting
“‘undiagnosed” concussions, defined as any blow to the head or
face that was not diagnosed as a concussion but resulted in loss of
consciousness, amnesia, headache, difficulty concentrating, emo-
tionality, irritability, slowed reaction times, sleep problems or
trouble in school, in our definition of concussion. Subjects who
reported other types of head injury that required treatment in a
hospital (skull fracture, epidural bleed, subdural bleed, subarach-
noid bleed, intracranial hemorrhage) were excluded.

Statistical analysis

Descriptive statistics were used to report the number and per-
centage of respondents in each variable category. As not all par-
ticipants responded to each question, percentages were calculated
using the number of respondents to a given survey item as the
denominator. We used multivariable linear regression to adjust
for the effect of potential covariates in separate models for each
patient-reported outcome measure. Since former collegiate athletes
have the potential to differ from non-athletes with respect to quality
of life and overall health, and since there is some level of sub-
concussive blows associated with contact sports, albeit lower than
with collision sports, we chose non-collision, non—contact sport
athletes as our referent group.

Results

A total of 47,836 alumni were contacted and asked to participate
in the study; 3702 (8%) responded. Respondents were predominantly
white and male (Table 1). There were few respondents older than 70
years, but otherwise respondents were fairly evenly distributed
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TABLE 1. CHARACTERISTICS OF RESPONDENTS

Collision sport Contact sport Non-contact Total
athletes athletes sport athletes Non-athletes participants
n (%) n (%) n (%) n (%) n (%)
Age (years) n=3652
<40 102 (2.8) 65 (1.8) 173 (4.7) 198 (5.4) 538 (14.7)
40-44 107 (2.9) 50 (1.4) 121 (3.3) 174 (4.8) 452 (12.4)
4549 139 (3.8) 81 (2.2) 151 (4.1) 200 (5.5) 571 (15.6)
50-54 150 (4.1) 112 (3.1) 155 (4.2) 327 (9.0) 744 (20.4)
55-59 119 (3.3) 79 (2.2) 109 (3.0) 244 (6.7) 551 (15.1)
60-64 107 (2.9) 38 (1.0) 77 (2.1) 160 (4.4) 382 (10.5)
65-70 114 (3.1) 49 (1.3) 56 (1.5) 148 (4.1) 367 (10.0)
>70 14 (0.4) 5 (0.1) 13 (0.4) 15 (0.4) 47 (1.3)
Gender n=3656
Male 755 (20.7) 246 (6.7) 456 (12.5) 575 (15.7) 2,032 (55.6)
Female 99 (2.7) 235 (6.4) 398 (10.9) 892 (24.4) 1,624 (44.4)
Race/ethnicity n=3618
Asian 6 (0.2) 4 (0.1) 7 (0.2) 32 (0.9) 49 (1.4)
Black 17 (0.5) 4 (0.1 10 (0.3) 19 (0.5) 50 (1.4)
Hawaiian 2 (0.1) 0 (0.0) 1 (0.0) 0 (0.0) 3(0.1)
Multiple 15 (0.4) 4(0.2) 16 (0.5) 18 (0.5) 53 (1.4)
Native American 0 (0.0) 0 (0.0) 1 (0.0) 0 (0.0) 1 (0.0)
Declined answer 11 (0.3) 9(0.2) 20 (0.6) 25 (0.7) 65 (1.8)
White 801 (22.1) 459 (12.7) 767 (21.2) 1,370 (37.9) 3,397 (93.9)
Annual income n=3382
<$20,000 13 (0.4) 3(0.1) 20 (0.6) 28 (0.8) 64 (1.9)
$20,000-35,000 10 (0.3) 12 (0.4) 21 (0.6) 42 (1.2) 85 (2.5)
$35,000-54,000 64 (1.9) 61 (1.8) 121 (3.6) 195 (5.8) 441 (13.0)
$55,000-74,000 10 (0.3) 6 (0.2) 13 (0.4) 35 (1.0) 64 (1.9)
$75,000-99,000 76 (2.2) 63 (1.9) 91 (2.7) 178 (5.3) 408 (12.1)
$100,000-250,000 327 (9.7) 168 (5.0) 277 (8.2) 524 (15.5) 1,296 (38.3)
> $250,000 306 (9.0) 134 (4.0) 226 (6.7) 358 (10.6) 1,024 (30.3)

among age categories (Table 1). More than half of respondents
(2132) participated in collegiate sports; 23% were collision sport
athletes, 13% were contact sport athletes, 23% were non-contact
sports athletes, and 40% were non-athletes. Hypercholesterolemia
and hypertension were the most commonly reported medical con-
ditions (Table 2). The majority of respondents (86%) continued to

exercise more than once per week (Table 2). Respondents were
relatively high wage earners, with 69% earning more than $100,000
annually (Table 1). Over a third had a history of concussion, either
diagnosed or undiagnosed (Table 2).

‘When subjects with a history of concussion were removed from the
analyses in order to assess for any potential effect of sub-concussive

TABLE 2. HEALTH HABITS AND MEDICAL CONDITIONS OF RESPONDENTS

Collision sport

Contact

Non-contact Total

athletes sport athletes sport athletes Non-athletes participants
n (%) n (%) n (%) n (%) n (%)
Exercise frequency n=3491
No regular 42 (1.2) 25 (0.7) 53 (1.5) 156 (4.5) 276 (7.9)
Once per week 55 (1.6) 28 (0.8) 45 (1.3) 101 (2.9) 229 (6.6)
1-3 times/week 223 (6.4) 132 (3.8) 232 (6.6) 435 (12.5) 1,022 (29.3)
4-6 times/week 349 (10.0) 193 (5.5) 303 (8.7) 454 (13.0) 1,299 (37.2)
Every day 156 (4.5) 96 (2.7) 164 (4.7) 249 (7.1) 665 (19.0)
Medical conditions n=3697
Heart disease 32 (0.9) 11 (0.3) 19 (0.5) 30 (0.8) 92 (2.5)
High cholesterol 219 (5.9) 106 (2.9) 151 (4.1) 344 (9.3) 820 (22.2)
Diabetes 29 (0.8) 9 (0.2) 17 (0.5) 43 (1.2) 98 (2.7)
Hypertension 177 (4.8) 65 (1.8) 113 (3.0) 275 (7.4) 630 (17.0)
Obesity 50 (1.4) 13 (0.4) 43 (1.2) 99 (2.7) 205 (5.5)
Family history of dementia 130 (3.5) 75 (2.0) 108 (2.9) 196 (5.3) 509 (13.8)
Concussion history n=3702
Diagnosed 283 (7.6) 121 (3.3) 177 (4.8) 255 (6.9) 836 (22.6)
Undiagnosed 396 (10.7) 134 (3.6) 102 (2.8) 113 (3.1) 745 (20.1)
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TABLE 3. EFFECT OF COLLISION SPORTS PARTICIPATION ON PATIENT REPORTED OUTCOME MEASURES
OF THOSE PARTICIPANTS WITH NO REPORTED HISTORY OF CONCUSSION

p-coefficient* Standard error 95% CI p value
Outcome measure

General concerns -0.497 0.505 —1.487, 0.494 0.326
Executive function 0.204 0.563 -0.900, 1.307 0.717
Anxiety —0.056 0.551 —1.138, 1.025 0.919
Depression —0.440 0.449 —1.321, 0.442 0.328
Alcohol use’ 1.957 0.576 0.827, 3.086 0.001
Sleep disturbance 0.378 0.542 —0.685, 1.441 0.485
Emotion/behavior dyscontrol 0.243 0.608 —0.949, 1435 0.689
Fatigue 0.330 0.536 —-0.721, 1.380 0.538
Positive affect 0.442 0.449 -0.439, 1.323 0.325

*B-coefficients represent the effect of collegiate collision sport participation using non-collision, non-contact sport athletes as referent group on each of

the listed measures.

T All outcome measures from Neuro-QOL except for negative consequences of alcohol use, which was the Patient-Reported Outcomes Measurement

Information System’s Alcohol: Negative Consequences short form 7a.
CI, confidence interval.

blows, only negative consequences of alcohol use was higher among
collision sport athletes. There were no other significant associations
between exposure to collision sports during college and any other
quality-of-life measures (Table 3).

After adjustment for potential covariates, respondents with a
history of concussion, whether diagnosed or undiagnosed, had lower
scores (indicating worse self-reported health) on measures of general
concerns regarding cognition, executive function, and positive
affect, and higher scores (indicating worse reported- self health) on
measures of anxiety, depression, negative consequences of alcohol
use, sleep disturbance, emotional and behavioral dyscontrol, and
fatigue (Table 4).

Discussion

The study was designed to test the hypothesis that the sub-
concussive blows sustained during collision sports participation are
associated with altered neurobehavioral quality-of-life measures.
Our findings do not support this notion.

The association between concussion history and negative self-
reported neurobehavioral quality of life was consistent across all
domains. However, we are hesitant to draw any conclusions from
such data, since the history of concussion is susceptible to recall

bias, whereby those currently having neurobehavioral symptoms
may be more likely to recall a history of concussion than those who
are not experiencing symptoms. We believe athletes are unlikely to
inaccurately recall which sports they played during college, making
exposure to collision sports less susceptible to recall bias.
Previous studies have assessed the potential effect of sub-concussive
impacts to the head on various outcomes in the acute and sub-acute
setting including functional magnetic resonance imaging (fMRI),
neurocognitive assessment, and symptoms.®”*11=13:1923 Although
results have been mixed, with some showing an effect of sub-
concussive blows and others not, the majority suggest that changes
in MRI, fMRI, and magnetic resonance spectroscopy are associated
with an increased number of sub-concussive head impacts.6’21’22
The association between head impacts and long-term clinical
outcomes is even less clear. In a cross-sectional study of 25 NCAA
division I collegiate football players with a history of concussion, 25
NCAA division I collegiate football players without a history of
concussion, and 25 non—football player healthy controls without a
history of brain trauma matched for age, sex, and education, Singh
and colleagues reported an association between exposure to colle-
giate football and decreased hippocampal volume and slower reac-
tion time in active football players.! A causal relationship between
concussion or sub-concussive blows and hippocampal volume could

TABLE 4. EFFECT OF HISTORY OF CONCUSSION ON PATIENT REPORTED OUTCOME MEASURES

P-coefficient™ Standard error 95% CI p value
Outcome measure

General concerns -2.353 0.251 —2.845, -1.861 <0.001
Executive function -2.177 0.281 —2.728, —1.626 <0.001
Anxiety 1.612 0.275 1.073, 2.152 <0.001
Depression 1.158 0.219 0.729, 1.587 <0.001
Alcohol use’ 1.554 0.292 0.981, 2.126 <0.001
Sleep disturbance 2.263 0.274 1.725, 2.801 <0.001
Emotion/behavior dyscontrol 1.903 0.301 1.312, 2.494 <0.001
Fatigue 1.668 0.272 1.136, 2.200 <0.001
Positive affect —0.850 0.223 —1.288, -0.412 <0.001

*f-coefficients represent the effect of history of concussion using respondents without a history of concussion as referent group on each of the listed

measures.

+ All outcome measures from Neuro-QOL except for negative consequences of alcohol use, which was the Patient-Reported Outcomes Measurement

Information System’s Alcohol: Negative Consequences short form 7a.
CI, confidence interval.
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not be established given the possibility of confounding variables.
Other studies also have suggested an association between contact or
collision sports and worse performance on certain measures of
neurocognitive assessment during active playing years.”

Few published data, however, have addressed the potential ef-
fect of exposure to collision sports in college on later life outcomes.
In a study of 400 college graduates from a Midwestern university,
Hinton and colleagues'® found more self-reported cognitive diffi-
culties among former collegiate football players than controls. Prior
participation in collegiate football was associated with lower
physical and mental health ratings. The authors note, however, that
dietary fat intake among football players appeared to be more
significantly associated with self-reported cognitive difficulties
than exposure to football alone, and the effect of playing football
was possibly confounded by variables such as exercise and income.

In our study, collision sport athletes rated higher scores on the
negative consequences of alcohol use. It is unclear, however, whe-
ther this association results from exposure to collision sports. It is
possible that alcohol use is higher among those who choose to par-
ticipate in collision sports, than those who choose to participate in
non-contact sports. Prior studies at the college level have suggested
alcohol use is higher among team sport than individual sport ath-
letes.>* All of the collision sports in our analysis are team sports, and
many non-contact sports are individual sports, raising the possibility
that alcohol use was different between collision sport and non-con-
tact sport athletes even prior to completion of their college sports
careers. While there also are data suggesting that alcohol use is
higher among male athletes than female athletes,*** and a higher
proportion of collision sport athletes were male, we were able to
adjust for gender in our analyses. Further, we repeated the analysis
for only male athletes, and found persistent associations between
collision sport participation and negative consequences of alcohol
use (data not shown).

Our findings should be considered in light of several limitations.
The population was homogeneous with regards to race/ethnicity,
education level, annual income, and other parameters, thus limiting
the generalizability of our observations. This relative homogeneity,
however, also may have served to limit confounding bias. Our low
response rate may have introduced response bias. We believe,
however, that the low response rate was due, in part, to the inability
to send reminders or contact alumni using modalities other than
email. Our study was retrospective, and we asked respondents to
recall whether or not they had sustained concussions. It is certainly
possible that the least-affected subjects responded to the survey,
biasing the results to the null hypothesis. If that were the case,
however, it also should have blunted the association between
concussion history and quality-of-life measures. Instead, we found
substantial differences between subjects with a history of concus-
sion and those with no history of concussion across all domains. In
addition, the proportion of alumni that reported having sustained a
concussion was, as we would expect given the reported incidences
of concussions in various sports, greatest for collision sport ath-
letes, followed by contact sport athletes, followed by non-contact
sport athletes, with non-athletes being the least likely to report a
concussion. In addition, we were unable to quantify participants’
exposure to sub-concussive blows. Finally, the demographics of the
respondent population were similar to those of the larger population
of alumni from these schools (data not shown).

In summary, our data suggest that participation in collision
sports in college does not constitute a risk factor for worse long-
term neurobehavioral outcomes. Participation in collision sports
does increase the risk of concussions, and our results suggest that a

MEEHAN ET AL.

history of concussion might be associated with negative long-term
neurobehavioral outcomes. However, our long-term retrospective
study was not designed to adequately or accurately assess any
potential effect of prior concussions on quality of life. The previous
diagnosis of concussion is highly susceptible to recall bias and
those alumni experiencing a higher burden of neurobehavioral
symptoms would thus be more likely to recall a concussion in their
past than those alumni with little or no neurobehavioral symptoms.
Further prospective population studies are needed to evaluate the
effect of concussions on long-term cognitive and neurobehavioral
function. In addition, our findings may not apply to division I or,
particularly, to professional athletes, who have both lengthier and
higher intensity exposure to collision sports and are, in general,
faster, stronger, heavier, and exposed to collisions involving higher
forces than those playing at typical youth, high school, and division
III collegiate levels.

Author Disclosure Statement

This study was funded, in part, by a grant from the National
Football League Players Association (Meehan and Pascual-Leone).
Dr. Pascual-Leone is also supported, in part, by grants from the
Sidney R. Baer Jr. Foundation, the National Institutes of Health
(ROTHD069776, ROINS073601, R21 MH099196, R21 NS082870,
R21 NS085491, R21 HD07616), and Harvard Catalyst | The Harvard
Clinical and Translational Science Center (NCRR and the NCATS
NIH, UL1 RR025758). All funding sources provided salary support
only; the content is solely the responsibility of the authors and does
not necessarily represent the official views of Harvard Catalyst,
Harvard University and its affiliated academic health care centers, the
National Institutes of Health, the National Football League Players
Association, or the Sidney R. Baer Jr. Foundation. None of the
funding sources reviewed the data or manuscript. None were involved
in data collection, analysis, interpretation, design, or recruitment.

Dr. Meehan receives royalties from ABC-Clio publishing for the
sale of his book, Kids, Sports, and Concussion: A Guide for Coa-
ches and Parents and royalties from Wolters Kluwer for working as
an author for UpToDate. His research is funded, in part, by a grant
from the National Football League Players Association and by
philanthropic support from the National Hockey League Alumni
Association through the Corey C. Griffin Pro-Am Tournament.
Dr. Pascual-Leone serves on the scientific advisory boards for
Nexstim, Neuronix, Starlab Neuroscience, Neuroelectrics, Axilum
Robotics, Magstim Inc., and Neosync, and is listed as an inventor
on several issued and pending patents on the real-time integration
of transcranial magnetic stimulation with electroencephalography
and magnetic resonance imaging.

References

1. McKee, A.C., Cantu, R.C., Nowinski, C.J., Hedley-Whyte, E.T., Gavett,
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.

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

3. 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.

4. Bailes, J.E., Petraglia, A.L., Omalu, B.I., Nauman, E., and Talavage,
T. (2013). Role of subconcussion in repetitive mild traumatic brain
injury. J. Neurosurg. 119, 1235-1245.



Downloaded by Harvard University FRANCIS A COUNTWAY from www.liebertpub.com at 03/06/20. For persona use only.

SUB-CONCUSSIVE BLOWS FROM SPORTS

10.

11.

12.

13.

14.

16.

. Broglio, S.P., Eckner, J.T., Paulson, H.L., and Kutcher, J.S. (2012).

Cognitive decline and aging: the role of concussive and subconcussive
impacts. Exer. Sport Sci. Rev. 40, 138-144.

. Breedlove, E.L., Robinson, M., Talavage, T.M., Morigaki, K.E.,

Yoruk, U., O’Keefe, K., King, J., Leverenz, L.J., Gilger, J.W., and
Nauman, E.A. (2012). Biomechanical correlates of symptomatic and
asymptomatic neurophysiological impairment in high school football.
J. Biomech. 45, 1265-1272.

. Bazarian, J.J., Zhu, T., Blyth, B., Borrino, A., and Zhong, J. (2012)

Subject-specific changes in brain white matter on diffusion tensor imaging
after sports-related concussion. Magn. Reson. Imaging 30, 171-180.

. Gavett, B.E., Stern, R.A., and McKee, A.C. (2011). Chronic traumatic

encephalopathy: a potential late effect of sport-related concussive and
subconcussive head trauma. Clin. Sports Med. 30, 179-188.

. Killam, C., Cautin, R.L., and Santucci, A.C. (2005). Assessing the

enduring residual neuropsychological effects of head trauma in college
athletes who participate in contact sports. Arch. Clin. Neuropsychol. 20,
599-611.

Crisco, J.J., Fiore, R., Beckwith, J.G., Chu, J.J., Brolinson, P.G.,
Duma, S., McAllister, T.W., Duhaime, A.C., and Greenwald, R.M.
(2010). Frequency and location of head impact exposures in individual
collegiate football players. J. Athl. Training 45, 549-559.

Talavage, T.M., Nauman, E.A., Breedlove, E.L., Yoruk, U., Dye, A.E.,
Morigaki, K.E., Feuer, H., and Leverenz, L.J. (2014). Functionally-
detected cognitive impairment in high school football players without
clinically-diagnosed concussion. J. Neurotrauma 31, 327-338.
Gysland, S.M., Mihalik, J.P., Register-Mihalik, J.K., Trulock, S.C.,
Shields, E.W., and Guskiewicz, K.M. (2012). The relationship between
subconcussive impacts and concussion history on clinical measures of
neurologic function in collegiate football players. Ann. Biomed. Eng. 40,
14-22.

Miller, J.R., Adamson, G.J., Pink, M.M., and Sweet, J.C. (2007).
Comparison of preseason, midseason, and postseason neurocognitive
scores in uninjured collegiate football players. Am. J. Sports Med. 35,
1284-1288.

Harris, D. (2012). High School Football Ban Proposal Under Attack in
New Hampshire. ABC News October 25, 2012. Available at: http://
abcnews.go.com/US/high-school-football-ban-proposal-attack-hampshire/
story?id =17559475. Accessed January 13, 2015.

. Robbins, L. (2012). Let’s Ban Tackle Football Under Age 18. Real

Clear Sports, December 6, 2012. Available at www.realclearsports.com/
articles/2012/12/06/lets_ban_tackle_football _until_age_ 18_97818.html.
Accessed January 13, 2015.

Hinton, P.S., Johnstone, B., Blaine, E., and Bodling, A. (2011). Effects
of current exercise and diet on late-life cognitive health of former
college football players. Phys. Sportsmed. 39, 11-22.

17.

18.

20.

21.

22.

23.

24.

25.

259

Singh-Manoux, A., Kivimaki, M., Glymour, M.M., Elbaz, A., Berr,
C., Ebmeier, K.P., Ferrie, J.E., and Dugravot, A. (2012). Timing of
onset of cognitive decline: results from Whitehall II prospective co-
hort study. BMJ 344, d7622.

Gershon, R.C., Rothrock, N., Hanrahan, R., Bass, M., and Cella, D.
(2010). The use of PROMIS and assessment center to deliver patient-
reported outcome measures in clinical research. J. Appl. Meas. 11,
304-314.

. Johnson, B.D., Neuberger, T., Gay, M., Hallett, M., and Slobounov, S.

(2014). Effects of subconcussive head trauma on the default mode
network of the brain. J. Neurotrauma 31, 1907-1913.

McAllister, T.W., Flashman, L.A., Maerlender, A., Greenwald, R.M.,
Beckwith, J.G., Tosteson, T.D., Crisco, J.J., Brolinson, P.G., Duma,
S.M., Duhaime, A.C., Grove, M.R., and Turco, J.H. (2012). Cognitive
effects of one season of head impacts in a cohort of collegiate contact
sport athletes. Neurology 78, 1777-1784.

Singh, R., Meier, T.B., Kuplicki, R., Savitz, J., Mukai, I., Cavanagh,
L., Allen, T., Teague, T.K., Nerio, C., Polanski, D., and Bellgowan,
P.S. (2014). Relationship of collegiate football experience and con-
cussion with hippocampal volume and cognitive outcomes. JAMA
311, 1883-1888.

Poole, V.N., Abbas, K., Shenk, T.E., Breedlove, E.L., Breedlove,
K.M., Robinson, M.E., Leverenz, L.J., Nauman, E.A., Talavage, T.M.,
and Dydak, U. (2014). MR Spectroscopic evidence of brain injury in
the non-diagnosed collision sport athlete. Dev. Neuropsychol. 39,
459-473.

McAllister, T.W., Ford, J.C., Flashman, L.A., Maerlender, A.,
Greenwald, R.M., Beckwith, J.G., Bolander, R.P., Tosteson, T.D.,
Turco, J.H., Raman, R., and Jain, S. (2014). Effect of head impacts on
diffusivity measures in a cohort of collegiate contact sport athletes.
Neurology 82, 63—69.

Brenner, J. and Swanik, K. (2007). High-risk drinking characteristics
in collegiate athletes. J. Am. Coll. Health 56, 267-272.

Lorente, F.O., Peretti-Watel, P., Griffet, J., and Grelot, L. (2003).
Alcohol use and intoxication in sport university students. Alcohol
Alcohol. 38, 427-430.

Address correspondence to:

William P. Meehan III, MD

The Micheli Center for Sports Injury Prevention
9 Hope Avenue, Suite 100

Waltham, MA 02453

E-mail: william.meehan @childrens.harvard.edu



