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Abstract

Background Sport-related concussion and repetitive head
impact exposure in contact sports continue to receive
increased attention in public and medical spheres. The
Concussion Assessment, Research and Education (CARE)
Consortium, a multicenter cooperative, was established to
study the natural history of concussion in National Colle-
giate Athletic Association (NCAA) collegiate student-ath-
letes across 29 colleges and universities in the United
States. The purpose of this investigation is to provide
normative data from the CARE Consortium and evaluate
for differences between sport categories.
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Methods NCAA student-athletes were evaluated annually
for general demographics and sport-specific characteristics
before the start of the competitive season. We collected
demographic and medical history information and evalu-
ated each student-athlete’s neurocognitive function, neu-
rological status, postural stability, and self-reported
symptoms. Sports were categorized by the amount of
contact typically associated with the sport (i.e., contact,
limited contact, non-contact). Comparisons between the
three sport categories for the evaluated variables were
made using linear or zero inflated negative binomial
regression models adjusted for gender, concussion history,
and household income.

Results Over a 2-year period (August 2014-July 2016),
15,681 NCAA athletes completed preseason evaluations.
Overall, 53% of the athletes were in the contact sport
group, 31% were in the limited contact group and 17%
were in the non-contact group. After adjusting for covari-
ates, there were statistically significant differences found
between athlete groups, although the differences and effect
sizes were small and not clinically significant. The contact
sport group had better scores on Immediate Post-Concus-
sion Assessment Testing (IMPACT®) visual and verbal
memory, Sport Concussion Assessment Tool (SCAT)
symptom checklist, and Brief Symptom Inventory—18
(BSI-18), but slower IMPACT reaction time and worse
scores on Standardized Assessment of Concussion (SAC).
Further, the data indicate that some ImPACT score distri-
butions were noticeably different from those presented in
the technical manual.

Conclusions In this large, racially and socio-economically
diverse cohort of male and female college athletes, we
found no evidence that student-athletes participating in
contact sports have clinically meaningful deficits in pre-
season cognitive and balance testing. They also did not
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report significantly more symptoms of psychological dis-
tress when compared with student-athletes in non-contact
or limited contact sports. In addition, the data suggest
potential limitations when using published InPACT norms
when evaluating injured athletes.

Key Points

Student-athletes participating in contact sports do not
show clinically meaningful differences in pre-season
cognitive and balance testing compared with their
peers in limited and non-contact sports.

Data distributions are presented on a large, racially
diverse cohort of male and female uninjured college
athletes for commonly implemented concussion
assessments.

There are potential limitations when using published
ImPACT norms for injured athletes.

1 Introduction

Concussion, or mild traumatic brain injury (mTBI), is a
major concern in both sport and military medicine. The
media has alerted the public to this health issue not only in
the United States, but also worldwide, with growing focus
and concern among clinicians, researchers, sporting orga-
nizations, and athletes [1-6]. Current estimates indicate
that nearly four million sport and recreation-related con-
cussions occur in the US annually [4]. While the medical
community remains vigilant in its search for improved
methods of treatment and injury management, there con-
tinues to be concerted efforts to improve the initial iden-
tification and diagnosis of mTBI and perfect the decision-
making process for safe return to activity that protects the
athlete against potential for long-term negative
consequences.

The clinical effects of concussion can be subtle and
difficult to detect with conventional assessment tools [7, 8],
and in the absence of well validated diagnostic biomarkers,
most of the information available to the clinician comes
from patient-reported symptoms. These are frequently
under-reported to hide the injury and/or accelerate return to
play because of competing messages from stakeholders
who pressure medical personnel for early return to play [9],
or in hopes of a rapid return to competition [10, 11].

To address these challenges, the Concussion Assess-
ment, Research, and Education (CARE) Consortium was
established to define the short-term (i.e., 6-month) natural
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history of concussion in college-age participants across the
entire spectrum of competitive collegiate sport. The CARE
Consortium represents the largest multicenter cohort of its
kind to date and is designed to compare clinical, biome-
chanical, and imaging on male and female athletes who
participate in diverse sports. A general description of the
CARE consortium structure has been described previously
[12]. The aims of this initial report from a national dataset
of collegiate student-athletes was threefold: (1) detail the
cohort’s demographics and characteristics, (2) define nor-
mative baseline data for concussion symptoms, postural
stability, and cognitive and neurological status, and (3)
assess differences among sports by contact level.

2 Methods

At the time of writing, the CARE study enrolled all con-
senting varsity athletes participating in National Collegiate
Athletic Association (NCAA) sports at 26 colleges and
universities, and all consenting cadets (NCAA athletes and
non-NCAA athletes) at three US military service acade-
mies. This report focuses on only the NCAA student-ath-
letes at the colleges, universities, and service academies.

Fourteen schools began enrollment in the fall of 2014,
six additional schools in 2015, and another nine schools in
2016; all three NCAA divisions are represented among the
participating schools. Institutional Review Board approval
was obtained from all research sites and data centers with
additional approval provided by the Human Research
Protection Office (HRPO) of the Department of Defense.
The study was performed in accordance with the standards
of ethics outlined in the Declaration of Helsinki. All ath-
letes provided written informed consent prior to data col-
lection. During each academic year and prior to the start of
the competitive season, self-reported demographic and
characteristic information and medical history was pro-
vided by consenting student-athletes. This included infor-
mation about self-reported concussion-related symptoms,
concussion history (diagnosed and undiagnosed), house-
hold income, years in the primary sport, age, and race.
Participants also underwent assessment of neurocognitive
function, neurological status, and postural stability
administered by trained research personnel.

2.1 Data Collection

To better understand post-concussion performance across
multiple neurocognitive assessment platforms, sites were
permitted to use the platform with which they were most
familiar. Sites chose one test and used only that test. The
majority of CARE sites used Immediate Post-Concussion
Assessment Testing (ImPACT®) (n = 24) [13], and thus



CARE Consortium: Baseline Characteristics

1973

the ImMPACT analyses were limited to those sites. All other
analyses used data from all 29 sites. The neurocognitive
data used for this analysis was limited to InPACT’s four
major composite scores (verbal memory, visual memory,
visual motor speed, and reaction time). In addition to
ImPACT, the Standardized Assessment of Concussion
(SAC) was implemented as a neurocognitive screening tool
[14-17], and the Balance Error Scoring System (BESS)
was used to evaluate postural stability [18]. The Sport
Concussion Assessment Tool (SCAT) symptom checklist
[19] was employed to assess common post-concussion
symptoms, and the Brief Symptom Inventory—18 (BSI-18)
was used to evaluate psychological health status [20]. All
site principal investigators underwent standardized training
at annual meetings for these measures and they trained
research personnel at the site. Tests were administered in
small groups (e.g., neurocognitive testing), one on one
(e.g., SAC and BESS), or completed individually by the
athletes (e.g., symptom reports). Invalid tests were exclu-
ded and, when available, a retaken test was considered as
the baseline.

2.2 Statistical Analyses

Routine descriptive statistics were used to summarize cat-
egorical and continuous data. The primary factor of interest
for this report was contact category. Athletes were placed
in one of three contact categories (contact, limited contact,
non-contact) based on the amount of contact typically
associated with their sport according to the American
Academy of Pediatrics [21], and these were slightly mod-
ified by moving track and cross country to limited contact
for consistency with the NCAA’s Injury Surveillance
System (Table 1). Violin plots [22] are also presented for
the tests by sport category to illustrate the shape of the data
distributions, the range of values, interquartile range (white
rectangle), and the median.

Comparisons among the three contact categories were
assessed using statistical models adjusting for gender [23],
concussion history [24], and household income [25]. Years
of participation in primary sport was also considered but
the quality of the data was not sufficient for analysis. For
example, 500 (3%) reported O or 1 year in their primary
sport. In contrast, assessing age of starting sport partici-
pation by subtracting the number of years playing their
primary sport from their age resulted in athletes beginning
participation at an age that corresponded to not being able
to walk or run.

Most of the primary scores had distributions that were
amenable to analysis using linear regression. These inclu-
ded SAC, BESS, and the four ImPACT domains (visual
memory, verbal memory, reaction time, and processing
speed). The SCAT symptom count and severity score and

Table 1 Sport classification

Contact classification Sport

Basketball
Diving

Field hockey
Football

Ice hockey

Contact sports

Lacrosse

Soccer

Water polo
Wrestling
Baseball

Beach volleyball

Cross country/track

Limited contact sports

Fencing
Field events
Gymnastics
Softball
Volleyball
Bowling
Golf

Rifle

Rowing/crew

Non-contact sports

Sailing
Swimming
Tennis

the BSI-18 all exhibited extreme right skewness because of
an excess of zero values and over dispersion. Therefore, the
most appropriate model was a zero-inflated negative
binomial model (ZINB) [26].

The ZINB model consists of a combination of two
processes. The first process assumes that excessive number
of zeros come from a binary distribution (i.e., two out-
comes: zero and not zero) and the second process models
zero and the other values as a negative binomial distribu-
tion. The model can be written statistically as

. oy S frero(052,7) + (1 = frero (052, 7) Weount (0; %, B)
Sane(vsx,2, B,7) = { (1 = £rer0 (02, 7) fooum (v; X, B)

ify=0
ify>1"

Thus, the model can be thought of in two parts: first, a
logistic regression model for the binary (zero/non-zero) part
and then a negative binomial regression model. Both models
include explanatory variables. Thus, we obtained two sets of
coefficients for the independent variables in the model. All
pairwise follow-up comparisons in the regression models
(linear and ZINB) among the three sport categories were
adjusted using Tukey’s multiple comparison procedure
within each outcome. Adjusted effect sizes (ES) were
calculated as the difference between the adjusted group
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means divided by the overall standard deviation of the score.
These can be interpreted along a scale similar to Cohen’s D
(e.g.,0.2is small, 0.5 is medium, and 0.8 is large), which uses
the unadjusted difference in the means. Ninety-five percent
confidence intervals (95% Cls) for the ES are also presented.
For the ZINB logistic regression, adjusted differences in the
percentage of zeroes (DZ) is presented. For example, if the
estimated percentages of zeroes from the model, adjusted for
covariates, were 30% for the contact sport group and 20% for
the non-contact group, then the DZ is 10%.

3 Results
3.1 Baseline Characteristics

Only the first baseline evaluation completed by the athlete
was used, as some subjects have had multiple assessments
as part of this ongoing study. From August 2014 through
September 2016, we enrolled 15,681 unique athletes from
the 29 institutions, 6423 females (41%) and 9258 males
(59%). Fifty-three percent of the athletes were in the
contact sport group, 31% were in the limited contact group
and 17% were in the non-contact group (Table 2).
Amongst the females, 2193 (34%) participated in contact
sports, 2555 (40%) in limited contact sports, and 1675
(26%) in non-contact sports. For the males, 6073 (66%),
2234 (24%), and 951 (10%) participated in contact, limited
contact, and non-contact sports, respectively. The three
sports with the greatest number of participants were foot-
ball (n = 3514, 22% of all participants), cross country and
track (n = 1944, 12%), and soccer (n = 1774, 11%).
Within genders, the three sports with the greatest number
of male participants were football (n = 3514, 38% of all
males), cross country and track (n = 927, 10%), and
baseball (n = 899, 10%). The three sports with the greatest
number of female participants were cross country and track
(n = 1017, 16%), soccer (n = 911, 14%), and rowing
(n = 832, 13%). Of African American athletes, 75% were
involved in contact sports as compared with only 48% of
White athletes. Over half of all African American athletes
played football. Table 2 summarizes the number of par-
ticipants by contact category, gender, race, and sport.

The project began in August 2014 when we tested all
consenting athletes regardless of the year of academic
standing. As such, the class with the greatest participation
was freshman (44%) and decreased for sophomores (21%),
juniors (19%), and seniors (13%). A small fraction were
fifth year seniors or graduate students. This pattern was
consistent across each contact category.

Table 3 presents the self-reported concussion history for
the participants. A total of 11,218 (72%) participants
reported never having a concussion. Twenty percent of all
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subjects reported a single concussion diagnosis (females
18%, n = 1121; males 21%, n = 1939). Less than 3%
(n = 323) reported a history of three or more diagnosed
concussions. For each gender, 74% of females (n = 4733)
and 70% of males (n = 6485) reported no previous con-
cussions. The contact sport group had the largest percent-
age of athletes who reported previous concussions (34%),
followed by the limited contact group (21%) and the non-
contact group (15%). The sport with the most participants
with at least one previously diagnosed concussion was
football; 1185 of 3514 football players (34%) reported at
least one concussion. For soccer, 32% of the males (269 of
all 848 male soccer players) and 42% of the females (375/
896) reported at least one previously diagnosed concussion.
For basketball, 31% (130/420) of the females and 29% of
the males (124/422) reported at least one previously diag-
nosed concussion. Soccer had the highest percentage of
women with at least one prior concussion; among men’s
sports, ice hockey had the highest percentage (43%,
73/168) of participants with at least one concussion. All
limited contact sports had 29% of athletes or less with a
prior concussion and non-contact sports all had at most
20% of athletes with at least one prior concussion.

3.2 Primary Assessments at Baseline

The means and standard deviations of ImPACT test per-
formances for 11,611 athlete baselines by sport category
and sport are presented in Table 4. The linear regression
model for the two ImPACT memory composite scores
(verbal and visual) showed significantly higher (better)
mean values for the contact group compared with the non-
contact group (ES 0.08, 95% CI 0.02-0.13, p = 0.018; and
ES 0.09, 95% CI 0.05-0.15, p = 0.001, respectively). In
addition, athletes in limited contact sports scored higher on
the verbal and visual scores than the non-contact group (ES
0.09, 95% CI 0.03-0.14, p = 0.007; and ES 0.11, 95% CI
0.05-0.16, p<0.001, respectively). For reaction time, the
non-contact and limited contact groups were significantly
faster than the contact group (ES 0.08, 95% CI 0.03-0.12,
p = 0.008; and ES 0.15, 95% CI 0.08-0.18, p<0.001,
respectively). There were no contact category differences
for processing speed. The full distributions for these
composite scores are visualized in Fig. 1.

Table 5 presents the results for the clinical tests by
contact category, sport, and gender. The contact sport
group generally had lower mean scores for the SCAT
symptom count and severity score and BSI-18, but worse
scores for the SAC (lower) and the BESS (higher). These
differences were small and of questionable clinical signif-
icance. The full distributions for these instruments are
presented in Fig. 2. The distributions of scores for the SAC
and the BESS are symmetric. The BSI-18 and the two
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SCAT scores each have a large proportion of zero values as
evident by the large flat base of the plots and the skewness
from the long tail.

The linear regression model for the SAC showed a
significantly lower (worse) adjusted mean score for the
contact group than either the limited or non-contact groups
(ES 0.06, 95% CI 0.02-0.10, p = 0.015; ES 0.08, 95% CI
0.13-0.13, p = 0.008). There was no difference between
the two latter groups. For BESS, the regression model
showed no statistically significant differences among the
three sport categories.

The BSI-18 and the two SCAT scores (symptom count
and severity score) were analyzed using the ZINB model,
so conclusions about significant differences are made for
both parts of the model (the proportion of zero values and
the group means). For all three instruments (BSI-18, SCAT
symptoms, SCAT symptom severity), the proportion of
zero values (indicating no symptoms or no problems) for
the contact group was significantly higher than both the
limited contact group (DZ 6%, p<0.001; DZ 4%,
p = 0.008; DZ 4%, p = 0.004, respectively) and the non-
contact group (DZ 9, 7, and 8%; p<0.001 for all three
instruments).

Athletes competing in contact sports had significantly
better scores than both the limited contact and non-contact
sport athletes for the BSI-18 (ES 0.02, 95% CI 0.01-0.04;
and ES 0.04, 95% CI 0.03-0.06; p <0.001 vs either group),
SCAT symptoms (ES 0.02, 95% CI 0.01-0.04, p = 0.007;
and ES 0.06, 95% CI 0.03-0.06; p<0.001, respectively)
and for SCAT symptom severity (ES 0.01, 95% CI
0.004-0.06; and ES 0.03, 95% CI 0.02-0.04; p <0.001 vs
either group). For the SCAT symptom and symptom
severity scores, the limited contact group had, on average,
fewer (ES 0.04, 95% CI 0.03-0.06, p<0.001) and less
severe (ES 0.02, 95% CI 0.01-0.03, p <0.001) symptoms
than the non-contact group.

4 Discussion

The most valuable study characteristic, which was a design
intent of the CARE Consortium, is simply the extensive
number of athletes enrolled in the study (N = 15,681 at
time of writing) and the wide variety of sports (N = 24),
including those with documented higher risks of concus-
sion (e.g., football, soccer, basketball), but also those with
low risk (e.g., tennis, golf, sailing). The largest number of
enrolled athletes participated in football (n = 3514), fol-
lowed by cross-country and track (n = 1944), and soccer
(n = 1774).

Overall, 6485 males (70.0% of all men in the study) and
4733 females (73.7% of all women in the study) reported
no concussion history, a substantial number on which to

establish cognitive and clinical norms for college athletes
with no history of concussion. Of note in CARE, we ask
about both diagnosed and undiagnosed concussions and the
combined number was used in these analyses. Although the
accuracy of recalled concussion history has been ques-
tioned in the literature [27-29], this is the best available
estimate for previous injury. Approximately 34% (2769/
8063) of contact sport athletes reported having sustained at
least one concussion prior to enrolling in the study. A
history of at least one concussion was reported by 21%
(967/4696) and 15% (388/2593) of athletes in limited
contact and non-contact sports, respectively. While history
of three or more concussions has been implicated as a risk
for future concussive injury in collegiate football [30], only
2.7% of the athletes in contact sports (and 2.6% of the
football players) reported a history of three or more con-
cussions. The frequency of athletes with a history of three
or more concussions was similar in the limited contact
(1.8%) and non-contact (1.4%) groups.

4.1 Neurocognitive Evaluation (ImPACT)

Most of the published literature on the effect of concussion
on cognition compares cognitive function in concussed
versus non-concussed control subjects or compares post-
concussion results with each subject’s personal baseline,
usually obtained prior to training and competition. In either
case, the number of control subjects or individual baseline
results tend to be relatively small and are study-specific.
Data that are sample-specific make comparisons across
studies a challenge and interpretation of differences or
similarities with published studies impractical and some-
times even futile.

To establish a normative dataset, we first compared the
findings from this cohort with published norms in the
ImPACT Clinical User’s Manual [31]. This manual pre-
sents tables according to commonly used classifications
(e.g., low average, average, high average, etc.) as well as
by percentiles with the 25th and 75th percentiles as the
range for ‘average.” For male university students
(n = 410), the manual shows the range of scores that
would be ‘average’ for verbal memory (83-94; median
88.82), visual memory (69-94; median 77.78), reaction
time (0.52-0.60; median 0.553), and processing speed
(32.5-42.0; median 37.23). Table 4 shows that the mean
baseline results for males in the cohort are all within those
ranges at or marginally above the median for verbal (52nd
percentile) and visual memory (57th) while reaction time
(29th) was closer to the borderline between average and
low average and processing speed (75th) was closer to the
borderline between average and high average . For females
(n = 97), the test manual reports average baseline ranges
are 87-97 (median 91.67), 70-88 (median 77.8), 0.59-0.52
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CARE Consortium: Baseline Characteristics 1979

(median 0.541), and 34.4-42.1 (median 38.65), respec-
tively. Table 4 also shows that the mean values for females
in the cohort were in the middle of the average range for
verbal (48-51st) and visual memory (45-48th), processing
speed (30th) was in the lower end of the average range, and
reaction time (72-67th) was at the higher end of the
average range.

It is worth noting that the percentile ranges for each
category as defined by ImPACT and then applied to the
CARE data show some discrepancies (Table 6). For
example, the range of ‘average’ (25-75th percentile) for
verbal memory shows a 45% wider range for males in the
CARE dataset, while the females have a 60% narrower
range. For visual memory, males in the CARE study had a
24% narrower range for visual memory and the range for
the females was similar (+ 5%). This could simply rep-
resent random variation or may be a function of the study
samples. INPACT defines their sample as ‘university stu-
dents’ without description of geographic diversity or ath-
letic status. The CARE sample included student-athletes
from across the spectrum of NCAA member institutions
and sports. The CARE dataset therefore provides a more
accurate representation of collegiate level athlete neu-
rocognitive performance that clinicians may find to more
accurately represent their athletes. The injured male stu-
dent-athlete who scores a 77 for verbal memory would be
within the upper range of ‘low average’ based on the
CARE norms, but ‘borderline’ using the ImPACT norms.
The female student-athlete who scores 93 on verbal
memory would be ‘low average’ using CARE norms ver-
sus ‘average’ using the IMPACT norms. This presents a
potential limitation of the InPACT norms for use with an
injured athlete despite the typical use of test results over
time to document change as the athlete recovers.

Processing
speed

RT
0.59 (0.09) 41.1 (6.6)

77.0 (13.6)

Visual
memory

86.7 (10.8)

Totals
Verbal
memory

Processing
speed

RT
0.60 (0.09) 40.6 (6.8)

memory
77.6 (13.6)

Visual

Verbal
memory
85.9 (11.1)

Male

Processing
speed

4.2 Clinical Assessment Tools

The CARE cohort includes a racially and socioeconomi-
cally diverse group of collegiate athletes from a wide
variety of sports (N = 24), including those with docu-
mented higher risks of concussion, but also those with low
risk, that includes the largest number of women athletes to
date. Not surprisingly, the results of the preseason neu-
rocognitive and concussion-related battery of tests are
overwhelmingly within standard norms. What was unex-
pected is that the raw scores for those participating in
contact sports for many of the measures were consistently
better than those who participated in limited contact and
non-contact sports.

Statistical modeling of these results (adjusted for gen-
der, concussion history, and household income) showed
significantly better mean scores for the contact group for
many of these clinical measures including the SCAT and

RT
76.2 (13.4) 058 (0.08) 41.7 (6.2)

Visual
memory

87.7 (10.4)

Female
Verbal
memory

ImPACT Immediate Post-Concussion Assessment Testing, RT reaction time, SD standard deviation

Empty cells are gender-specific sports

Table 4 continued

Overall
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Fig. 1 Violin plots of InPACT composite scores illustrate the shape
of the data distribution over the full range of values, the interquartile
range (white rectangle) covering the middle 50% of the values and the

BSI-18, which measure symptoms. The exception to that
was the SAC results where the contact group had signifi-
cantly lower scores and the BESS where there were no
differences. It should be noted, however, that the average
differences between contact categories for all the assess-
ments were quite small, and therefore not likely to be
clinically significant. Based on comparable data in the

@ Springer

score

median (line in the rectangle). ImPACT Immediate Post-Concussion
Assessment Testing, NCAA National Collegiate Athletic Association

literature, it seems clear that the contact sport cohort does
not differ on any clinical or neurocognitive measures
compared with their peers in other sports that involve lesser
degrees of contact.

It should be considered that several factors may influ-
ence athlete responses to these instruments that are not
related to their health or mental condition. For example, it
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«Fig. 2 Violin plots of clinical evaluations illustrate the shape of the
data distribution over the full range of values, the extreme right
skewness of the BSI 18 and the SCAT scores, the interquartile range
(white rectangle) covering the middle 50% of the values and the
median. BESS Balance Error Scoring System, BSI-18 Brief Symptom
Inventory—18, NCAA National Collegiate Athletic Association, SAC
Standardized Assessment of Concussion, SCAT Sport Concussion
Assessment Tool

is common medical practice for interscholastic contact
sport athletes to receive a preseason evaluation that might
introduce a practice effect that results in higher perfor-
mance relative to their limited and non-contact athlete
peers, who might not have undergone a similar preseason
evaluation. Other test administration factors that can affect
clinical performance on assessed clinical and neurocogni-
tive performance include athlete age, number of athletes in
the setting of group administration, fatigue and anxiety,
motivation, misunderstanding test directions, room or
computer noise distractions, among others [32].

4.3 Use of Normative Data

One of the important features of the results (see Tables 4
and 5) relative to the published literature is the need to
consider when to use sport-specific norms to interpret
results for an athlete under scrutiny and when it is
acceptable to use baseline norms in lieu of pre-injury
results. For example, one could use the overall means or

the gender-specific means of the various tests, but in doing
so might miss the nuances inherent within and between the
sports. A woman participating in sailing might report
symptom severity of 10, which is 30% higher than the
overall mean for females, but that score is about 40%
below the baseline norms for the 19 females in sailing
(Table 4). Thus, a careful evaluation of these measures and
more data for some sports is needed to determine if sport-
specific interpretations are preferable in the long run. We
hope to be able to address these questions as the database
matures.

Such an extensive dataset as this presents a multitude of
comparative possibilities beyond just gender, contact cat-
egory, or sport comparisons. For example, previous work
has suggested that a history of concussion influences test
results on such items as the ImPACT test [24, 33, 34], as
does socioeconomic status [35], race [36], sex [23], and
sport [37]. The size and breadth of this dataset offers the
opportunity to query the data for comparative information
about any number of interactions of the various demo-
graphic variables; for example, white soccer players with a
history of two or more concussions who come from a
household with a lower family income.

4.4 Limitations

One limitation of the statistical models is that the inclusion
of contact category, gender, concussion history, and

Table 6 Comparison of INnPACT norms versus CARE norms using InPACT’s grading criteria by test results and gender

Graded Category Percentile Verbal memory Visual memory Processing speed Reaction time

ImPACT CARE ImPACT CARE ImPACT CARE ImPACT CARE
Males
Impaired <2 <71 60 <51 46 <238 27.0 > 0.75 0.83
Borderline 3-9 72-77 62-71 52-60 49-58 23.9-28.3 28.1-31.9 0.74-0.67 0.78-0.72
Low average 10-24 78-82 72-79 61-68 59-70 28.4-32.4 32.3-36.4 0.66-0.60 0.70-0.64
Average 25-75 83-94 80-96 69-94 71-90 32.5-42.0 37.0-46.8 0.60-0.52 0.64-0.53
High average 76-90 95-97 96-99 95-97 90-95 42.1-46.0 47.0-50.0 0.51-0.48 0.53-0.50
Superior 91-98 98-99 99-100 98-99 96-99 46.1-50.0 50.2-52.3 0.47-0.45 0.50-0.47
Very superior > 99 100 100 100 100 > 50.1 52.8 <044 0.46
Females
Impaired <2 <70 65-73 <48 47 <233 29.3 > 0.70 0.89
Borderline 3-9 71-82 74-81 49-59 49-57 23.4-29.7 30.3-33.3 0.69-0.64 0.78-0.68
Low average 1024 83-86 82-96 60-69 58-68 29.8-34.3 33.7-374 0.63-0.60 0.76-0.63
Average 25-75 87-97 96-100 70-88 69-88 34.4-42.1 37.7-47.0 0.59-0.52 0.62-0.53
High average 76-90 98-100 100 89-93 88-94 42.2-46.3 47.2-50.2 0.51-0.50 0.53-0.50
Superior 91-98 94-96 94-99 46.4-49.2 50.4-52.2 0.49-0.48 0.50-0.47
Very superior > 99 97-100 100 > 493 52.6 <047 0.46

CARE Concussion Assessment, Research and Education Consortium, /mPACT Immediate Post-Concussion Assessment Testing
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household income explains only a small proportion of the
variance in these scores, about 1% on average. It is more
difficult to explain variance for a relatively homogenous,
symptom-free population, but there may be other factors
that are affecting the scores on these instruments, beyond
those that we considered. A second limitation is that the
cohort only includes athletes still playing their sports. Not
all freshman athletes compete all four years, dropping out
of sport for any number of academic, social, economic,
personal, or health-related reasons. While the number of
athletes who had problems resulting from sport-related
concussions or multiple head impacts are unknown, we
should acknowledge that some athletes who had enrolled at
the participating universities may have already left their
sport for any number of reasons, including head trauma,
adding the potential for some selection bias because this
sample of student-athletes does not include those most
affected by head trauma. Another data-related limitation is
that the quality of the participation data did not allow for
the consideration of years of participation in the models,
and the reliance on self-report for concussion history was
also an issue.

5 Conclusion

Herein, we present the basis for norms for demographics,
concussion history, and neurocognitive and basic clinical
test results for a large sample of collegiate athletes par-
ticipating in 24 sports from the 29 colleges and universities
that make up the CARE Consortium. Of note, the data
suggest potential limitations of using published ImPACT
norms when evaluating injured athletes.

Initial review of the data finds no evidence that a history
of participation in contact sports results in neurocognitive
or clinical assessment deficits among college-level athletes
at the group level. Probably the most interesting finding is
that athletes competing in contact sports performed among
the best on several measurements under study, although the
differences were small. This is somewhat reassuring in
light of concerns raised about the potential impact of
repetitive concussions as well as exposure to repetitive
head impacts associated with some contact sports.
Although these baseline results are intriguing, it is impor-
tant to follow the athletes who sustain a concussion for
comparison with suitable controls in the short-term and
then follow those concussed athletes through the recovery
process, but also long term after college and beyond.

Acknowledgements Contributing investigators include  Scott
Anderson, ATC (University of Oklahoma); Jeffrey Bazarian, MD,
MPH (University of Rochester); Christopher Todd Bullers, MD
(Wake Forest University); Christopher Giza, MD (University of
California—Los Angeles); Kevin Guskiewicz, PhD, ATC (University

@ Springer

of North Carolina); Jessica Dysart Myles, PhD, ATC (University of
North Georgia); Patrick O’Donnell, MHA (United States Coast Guard
Academy); Steven J. Svoboda, MD (United States Military Acad-
emy); and Ryan Tierney, PhD, ATC (Temple University). The
authors would also like to thank Jody Harland, Janetta Matesan, Larry
Riggen, and Shi Zhao (Indiana University); Ashley and Ellie
Rettmann (University of Michigan); Melissa Koschnitzke (Medical
College of Wisconsin); Michael Jarrett, Vibeke Brinck and Bianca
Byrne (Quesgen); Thomas Dompier, Melissa Niceley Baker, and Sara
Dalton (Datalys Center for Sports Injury Research and Prevention);
and the research and medical staff at each of the participating sites.
This publication was made possible, in part, with support from the
Grand Alliance Concussion Assessment, Research, and Education
(CARE) Consortium, funded by the National Collegiate Athletic
Association (NCAA) and the Department of Defense (DoD). The US
Army Medical Research Acquisition Activity, 820 Chandler Street,
Fort Detrick MD 21702-5014, is the awarding and administering
acquisition office. This work was supported by the Office of the
Assistant Secretary of Defense for Health Affairs through the Psy-
chological Health and Traumatic Brain Injury Program under Award
NO W81XWH-14-2-0151. Opinions, interpretations, conclusions, and
recommendations are those of the authors and are not necessarily
endorsed by the Department of Defense (DHP funds).

Compliance with ethical standards

Conflict of interest The authors received funding from the NCAA
and DoD to complete this investigation and cover travel costs when
speaking about the study. Barry Katz, Maria Kudela, Jaroslaw
Harezlak, Michael McCrea, Thomas McAllister, and Steven Broglio
declare that they have no conflict of interest.

References

1. Broglio SP, Cantu RC, Gioia GA, et al. National athletic trainers’
association position statement: management of sport concussion.
J Athl Train. 2014;49(2):245-65.

2. Giza CC, Kutcher JS, Ashwal S, et al. Summary of evidence-
based guideline update: evaluation and management of concus-
sion in sports: Report of the Guideline Development Subcom-
mittee of the American Academy of Neurology. Neurology.
2013;80(24):2250-7.

3. Harmon KG, Drezner J, Gammons M, et al. American Medical
Society for Sports Medicine position statement: concussion in
sport. Clin J Sport Med. 2013;23(1):1-18.

4. Langlois JA, Rutland-Brown W, Wald MM. The epidemiology
and impact of traumatic brain injury: a brief overview. J Head
Trauma Rehabil. 2006;21(5):375-8.

5. McCrory P, Meeuwisse WH, Aubry M, et al. Consensus state-
ment on concussion in sport: the 4th International Conference on
Concussion in Sport held in Zurich, November 2012. J Am Coll
Surg. 2013;216:e55-71.

6. Broglio SP, Puetz TW. The effect of sport concussion on neu-
rocognitive function, self-report symptoms and postural control :
a meta-analysis. Sports Med. 2008;38(1):53-67.

7. Cameron KL, Marshall SW, Sturdivant RX, Lincoln AE. Trends
in the incidence of physician-diagnosed mild traumatic brain
injury among active duty U.S. military personnel between 1997
and 2007. J Neurotrauma. 2012;29(7):1313-21.

8. McCrea M, Barr WB, Guskiewicz KM, et al. Standard regres-
sion-based methods for measuring recovery after sport-related
concussion. J Int Neuropsychol Soc. 2005;11:58-69.



CARE Consortium: Baseline Characteristics

1985

9.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Matheson GO, Shultz R, Bido J, Mitten MJ, Meeuwisse WH,
Shrier I. Return-to-play decisions: are they the team physician’s
responsibility? Clin J Sport Med. 2011;21(1):25-30.

LaRoche AA, Nelson LD, Connelly PK, Walter KD, McCrea
MA. Sport-related concussion reporting and state legislative
effects. Clin J Sport Med. 2015;26(1):33-9.

McCrea M, Hammeke T, Olsen G, Leo P, Guskiewicz K. Unre-
ported concussion in high school football players: implications
for prevention. Clin J Sport Med. 2004;14(1):13-7.

. Broglio SP, McCrea M, McAllister T, et al. A national study on

the effects of concussion in collegiate athletes and US Military
Service Academy Members: the NCAA-DoD Concussion
Assessment, Research and Education (CARE) Consortium
Structure and Methods. Sports Med. 2017:0707-0701.

ImPACT Applications Inc. Immediate post-concussion assess-
ment testing (IMPACT®) test—online version 2007-2012. Pitts-
burgh, PA. 2011, pp. 1-59.

Barr WB. Methodologic issues in neuropsychological testing.
J Athl Train. 2001;36:297-302.

McCrea M. Standardized mental status testing on the sideline
after sport-related concussion. J Athl Train. 2001;36(3):274-9.
McCrea M, Kelly JP, Kluge J, Ackley B, Randolph C. Stan-
dardized assessment of concussion in football players. Neurol-
ogy. 1997;48(3):586-8.

McCrea M, Kelly JP, Randolph C, et al. Standardized assessment
of concussion (SAC): on-site mental status evaluation of the
athlete. J Head Trauma Rehabil. 1998;13(2):27-35.

Guskiewicz KM, Ross SE, Marshall SW. Postural stability and
neuropsychological deficits after concussion in collegiate ath-
letes. J Athl Train. 2001;36(3):263-73.

McCrory P, Meeuwisse WH, Aubry M, et al. Consensus state-
ment on concussion in sport: the 4th International Conference on
Concussion in Sport held in Zurich, November 2012. ] Am Coll
Surg. 2013;216(5):e55-71.

Meachen SJ, Hanks RA, Milils SR, Rapport LJ. The reliability
and validity of the brief symptom inventory-18 in persons with
traumatic  brain  injury. Arch Phys Med Rehabil.
2008;89(5):958-65.

Rice SG, American Academy of Pediatrics Council on Sports
Medicine and Fitness. Medical conditions affecting sports par-
ticipation. Pediatrics. 2008;121(4):841-8.

Hintze JL, Nelson RD. Violin plots: a box plot-density trace
synergism. Am Stat. 1998;52(2):181-4.

Covassin T, Swanik CB, Sachs M, et al. Sex differences in
baseline neuropsychological function and concussion symptoms
of collegiate athletes. Br J Sports Med. 2006;40(11):923-7.
Covassin T, Elbin R, Kontos A, Larson E. Investigating baseline
neurocognitive performance between male and female athletes

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

with a history of multiple concussion. J Neurol Neurosurg Psy-
chiatry. 2010;81(6):597-601.

Ulfarsson T, Lundgren-Nilsson A, Blomstrand C, Nilsson M. A
history of unemployment or sick leave influences long-term
functioning and health-related quality-of-life after severe trau-
matic brain injury. Brain Inj. 2014;28(3):328-35.

Loeys T, Moerkerke B, De Smet O, Buysse A. The analysis of
zero-inflated count data: beyond zero-inflated Poisson regression.
Br J Math Stat Psychol. 2012;65(1):163-80.

Kerr ZY, Marshall SW, Guskiewicz KM. Reliability of concus-
sion history in former professional football players. Med Sci
Sports Exerc. 2012;44(3):377-82.

Kerr ZY, Mihalik JP, Guskiewicz KM, Rosamond WD, Evenson
KR, Marshall SW. Agreement between athlete-recalled and
clinically documented concussion histories in former collegiate
athletes. Am J Sports Med. 2015;43(3):606-13.

Robbins CA, Daneshvar DH, Picano JD, et al. Self-reported
concussion history: impact of providing a definition of concus-
sion. Open Access J Sports Med. 2014;5:99-103.

Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulative
effects associated with recurrent concussion in collegiate football
players: the NCAA concussion study. JAMA.
2003;290(19):2549-55.

ImPACT Applications Inc. InPACT Version 2.0 clinical user’s
manual. Pittsburgh, PA, pp. 1-71.

Lichtenstein JD, Moser RS, Schatz P. Age and test setting affect
the prevalence of invalid baseline scores on neurocognitive tests.
Am J Sports Med. 2014;42(2):479-84.

Schmidt JD, Register-Mihalik JK, Mihalik JP, Kerr ZY, Gus-
kiewicz KM. Identifying Impairments after concussion: norma-
tive data versus individualized baselines. Med Sci Sports Exerc.
2012;44(9):1621-8.

Covassin T, Elbin RJ, Bleecker A, Lipchik A, Kontos AP. Are
there differences in neurocognitive function and symptoms
between male and female soccer players after concussions? Am J
Sports Med. 2013;41(12):2890-5.

Kaplan GA, Turrell G, Lynch JW, Everson SA, Helkala EL,
Salonen JT. Childhood socioeconomic position and cognitive
function in adulthood. Int J Epidemiol. 2001;30(2):256-63.
Kontos AP, Elbin RJ 3rd, Covassin T, Larson E. Exploring dif-
ferences in computerized neurocognitive concussion testing
between African American and White athletes. Arch Clin Neu-
ropsychol. 2010;25(8):734—44.

Zimmer A, Piecora K, Schuster D, Webbe F. Sport and team
differences on baseline measures of sport-related concussion.
J Athl Train. 2013;48(5):659-67.

@ Springer



	Baseline Performance of NCAA Athletes on a Concussion Assessment Battery: A Report from the CARE Consortium
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Data Collection
	Statistical Analyses

	Results
	Baseline Characteristics
	Primary Assessments at Baseline

	Discussion
	Neurocognitive Evaluation (ImPACT)
	Clinical Assessment Tools
	Use of Normative Data
	Limitations

	Conclusion
	Acknowledgements
	References




