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Context: An estimated 15.3 million adolescent students are
enrolled in US high schools, with approximately 7.8 million
participating in athletics. Researchers have examined various
demographics in high school athletes; however, athletic partic-
ipation may play a larger role in test performance than previously
thought. Currently, investigations of concussion assessment
may rely on uninjured athletes as controls. However, due to the
intense nature of athletics, this may not be an appropriate
practice.

Objective: To examine differences between athletes and
nonathletes using a common computerized neuropsychological
test.

Design: Retrospective cross-sectional study.
Setting: High schools from a school district in Columbus,

Ohio.
Patients or Other Participants: A total of 662 adolescent

high school students (athletes: n ¼ 383, female n ¼ 18;
nonathletes: n ¼ 279, female n ¼ 193).

Main Outcome Measure(s): Participants were administered
a computerized neuropsychological test battery (Immediate

Post-Concussion Assessment and Cognitive Test [ImPACT])
during baseline concussion assessment. Differences between
groups were established for output composite scores.

Results: Differences were found between athletes and
nonathletes in composite reaction time (F1,522 ¼ 14.855, P ,

.001) and total symptom score (F1,427 ¼ 33.770, P , .001).
Nonathletes reported more symptoms, whereas athletes had
faster reaction times. No differences were present in composite
verbal memory, composite visual memory, composite visual
motor speed, or composite impulse control (P . .05).

Conclusions: Symptom reporting and reaction time differed
between high school athletes and nonathletes. Participation in
extracurricular activities may lead to cognitive differences in
adolescents that can influence performance on the Immediate
Post-Concussion Assessment and Cognitive Test battery.
Researchers should account for these differences in baseline
performance when making concussion diagnostic and manage-
ment decisions.

Key Words: concussions, youths, sports

Key Points

� At baseline, adolescents’ athletic status appeared to influence symptom reporting and reaction time.
� Due to the potential influence of athletic status, we recommend, when possible, not relying on nonathletes as

healthy controls in future concussion research.

S
ince 1989, the population for concussion-based
research has been almost exclusively athletes,
primarily because of their high rate of injury.

Approximately 63 000 concussions occur annually in the
US high school population, with the incidence rate
estimated to be as high as 15.3%.1,2 Concussion, commonly
defined as a complex pathophysiological process affecting
the brain caused by either direct or impulsive biomechan-
ical forces, is accompanied by a varied manifestation of
symptoms, altered cognition, and postural instability,
making every patient unique.3,4 Due to the unpredictability
of concussion symptoms, evidence-based position state-
ments have recommended a multifaceted approach for
managing all patients with concussions, regardless of
severity.1–4 This has led to the implementation of specific
recommendations, including cognitive rest, symptom
monitoring, and neuropsychological testing, for all patients
with concussion.3–6 Each intervention is implemented to

address a certain aspect of concussion and neuropsycho-
logical testing measures cognitive ability.

Neuropsychological tests are designed to measure
psychological functions that have been linked to a specific
brain function or pathway.7 In concussion management,
neuropsychological tests are used to detect differences in
cognitive ability and have been shown to be more reliable
when compared with baseline data.6 For example, norma-
tive population data were reliable in detecting these
cognitive deficits, although baseline testing has typically
been used most often.6 Baseline testing to assess the
premorbid state of cognitive function in an athlete provides
the individual’s scores for comparison in case of a
concussive injury.4,6 Baseline testing allows for better
detection of neurocognitive deficits in the individual
athlete.6

The presence of neurocognitive deficits is a key
component of concussion diagnosis and heavily influences
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the management process. Therefore, correctly interpreting
the results of neuropsychological testing is paramount. The
Immediate Post-Concussion Assessment and Cognitive
Test (ImPACT; ImPACT Applications Inc, San Diego,
CA) is a computerized neuropsychological battery widely
used in the high school setting. Upward of 90% of all high
school athletic trainers (ATs) who used a computerized
cognitive battery in their concussion protocol administered
the ImPACT.8 With the potential for millions of adolescent
athletes to be exposed to a particular neuropsychological
battery, it is pertinent to examine the performance of
different subsets of the high school population. By doing
so, we can identify and account for differences in cognitive
ability, thereby enhancing the accuracy of interpreting
results and making proper diagnostic and management
decisions.

Athletic status has not previously been thought to affect
neuropsychological testing, but with the potential for high
school students from a wide array of backgrounds to take
the ImPACT, variables such as athletic status warrant
study. Compared with the athletic population, concussion
incidence rates in the US nonathletic population are far
lower, around 1.4 million a year; the majority result from
motor vehicle accidents and falls but are still prevalent
enough to warrant investigation.9 Considering a high school
setting, athletic status is of interest because more than half
of the population is categorized as nonathletes.10,11

Stressors may differ between athletes and nonathletes
based on activity, which may lead to differences in brain
development. Given that much athletic participation occurs
during adolescence, while the brain is still developing,
examining the effect of athletic status on a developing brain
may prove important.

The consensus in the literature is that the primary,
secondary, and tertiary brain regions are fully developed by
age 12, but cognitive maturity continues to evolve
throughout adulthood, especially in the prefrontal cortex.12

The continual development of the brain throughout
childhood and into adolescence may differ depending on
the activities and environment to which a person is
exposed. Multiple neuroimaging studies13,14 have shown
developmental differences in adolescent brains, controlled
by factors including socioeconomic status and participation
in extracurricular activities (eg, music). This may have a
direct effect on neuropsychological testing, based on the
possibility of structural differences of the brain pathways
targeted by the neuropsychological tests themselves. With
the possibility of fundamental structural differences among
adolescents based on athletic status, it is essential to
understand how the performance of these 2 groups
compares on commonly used computerized neuropsycho-
logical tests. Another potential benefit of examining the
effects of athletic status on neuropsychological test
performance is the possibility of studying nonathletes as
matched controls in future research. It is common practice
in concussion research to rely on other athletes as matched
controls, which can be limited by accessibility, although
without examination of athletic status as an influencing
variable, it may be unwise to make such comparisons.

Concussions are complex injuries that are prevalent in
both the athlete and nonathlete high school populations.
The standard of care for concussion has been defined by
position statements and includes the use of neuropsycho-

logical testing to detect and monitor cognitive deficits.
Previous authors have demonstrated that exposure to the
ImPACT is widespread, resulting in the need to examine
variables that may influence performance. Furthermore,
these potential cognitive differences at baseline need to be
accounted for when making clinical decisions. Therefore,
the purpose of our study was to examine the effects of
athletic status (athlete versus nonathlete) on baseline
neuropsychological test scores in a high school population
in order to facilitate more accurate interpretations of the
results.

METHODS

Study Design

The design was retrospective, cross-sectional, and
between groups.

Participants

A sample of 662 high school students participated in this
study. Participants were students (athlete n ¼ 383, age ¼
15.76 6 1.14 years, female n¼ 18; nonathlete n¼ 279, age
¼ 15.28 6 1.22 years, female n¼ 193) from a single school
district in Columbus, Ohio. Recruitment involved all
interscholastic sports and clubs (ie, marching band,
physical education courses, health courses and clubs)
across both sexes (height: males ¼ 177.50 6 9.43 cm,
females ¼ 162.21 6 9.75 cm; weight: males ¼ 80.65 6
22.86 kg, females¼63.46 6 14.71 kg). All participants and
their guardians read and signed informed assent and
consent forms, respectively, approved by the institutional
review board (which also approved the investigation)
before the study began. Exclusion criteria were incomplete
data on athletic status, a self-reported history of concussion,
a musculoskeletal injury in the 3 months before testing,
English as a second language, or a self-reported diagnosis
of a psychiatric or learning disability. Nonathletes were not
questioned about athletic activity outside of school (eg,
private clubs or lessons); therefore, involvement in
extracurricular athletics was not an exclusionary factor.
All participants were required to complete a computerized
neuropsychological test (ImPACT) as a baseline assess-
ment.

Neuropsychological Battery: ImPACT

The ImPACT is an Internet-based computerized assess-
ment that has become one of the most widely used
neuropsychological batteries.4,6,8,15 The instrument contains
3 domains of concussion assessment (demographics,
symptoms, and neuropsychological testing) with 6 mea-
sures that yield 5 quantitative composite scores: verbal
memory, visual memory, visual-motor speed (processing
speed), reaction time, and impulse control.15,16 The
ImPACT yields 5 quantitative composite scores: verbal
memory, visual memory, visual motor speed, composite
reaction time, and composite impulse control. Research-
ers15,17,18 have supported ImPACT as a valid measure for
neurocognitive deficits after sport-related concussion,
especially when compared with a baseline. Although
ImPACT is a valid construct for concussion assessment
and yields high sensitivity (91.4%), specificity has been
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only moderate (69.4%).18 The ImPACT battery also can be
administered in a group setting without decreasing the
validity of each composite score.19 Overall, due to
ImPACT’s validity, convenience of administration, and
heightened popularity among high schools, it was the ideal
neuropsychological battery to examine.

Procedures

We notified the school district and obtained authorization
from the administration to conduct this study before any
participants were contacted. Consent forms were distributed
to each participant’s parent or guardian. Once consent was
received, minor assent forms were completed, and the
participants were enrolled in the study. All participants and
their parent or guardian were assured that involvement in
the study would not interfere with academic, extracurric-
ular, or athletic status and was strictly voluntary. Partici-
pants were also informed that they could withdraw from the
study at any time with no repercussions.

All participants were administered the ImPACT battery
before the start of the competitive season for athletes and
during the school year for nonathletes. Properly trained ATs
and researchers administered ImPACT, which takes
approximately 30 minutes to complete. The testing took
place in the school’s computer laboratory with at least 2
chair spaces between participants. In the demographics
section, participants were asked to identify themselves as
an athlete or a nonathlete. Testing was organized by team
and club or organization; therefore, both athletes and
nonathletes were tested primarily in a group setting.

Statistical Analysis

Descriptive statistics were conducted on demographic
variables and composite scores. A 1-way analysis of
variance was performed to measure differences between
athletes and nonathletes for the following composite
ImPACT variables: verbal memory, visual memory, visual
motor speed, reaction time, impulse control, and total
symptom score. We used SPSS (version 23.0; IBM Corp,
Armonk, NY) for all analyses. Alpha levels were set a
priori at P , .05 and adjusted using a Bonferroni correction
to a new a level of P , .0083.

RESULTS

Descriptive statistics are reported in Table 1. A 1-way
analysis of variance revealed differences between athletes
and nonathletes for composite reaction time (athletes¼0.62
6 0.09, nonathletes ¼ 0.65 6 0.11; F1,522 ¼ 14.855, P ,
.001, r ¼�0.152, Cohen d ¼�0.308), and total symptom
score (athletes¼ 6.25 6 9.00, nonathletes¼ 12.03 6 14.73;
F1,427¼ 33.770, P , .001, r¼�0.230, Cohen d¼�0.473).

Due to violation of homogeneity of variance, we computed
the Welch F to determine if the differences between groups
were significant for both reaction time and symptom score
(P , .001). No differences were observed between athletes
and nonathletes in composite verbal memory (F1,660 ¼
4.653, P¼ .031, r¼�0.085, Cohen d¼�0.170), composite
visual memory (F1,660¼ 0.794, P , .373, r¼ 0.034, Cohen
d¼ 0.070), composite visual motor speed (F1,660¼ 0.000, P
, .987, r¼ 0.000, Cohen d¼ 0.001), or composite impulse
control (F1,660 ¼ 0.794, P , .373, r ¼ 0.028, Cohen d ¼
0.058; Table 2).

DISCUSSION

The purpose of our study was to examine differences
between high school athletes and nonathletes on a
computerized neuropsychological battery in a baseline
assessment. We found differences between athletes and
nonathletes for reaction time and symptoms. In athletics,
reaction time may determine winning or losing and has
been a topic of research globally. In psychometric
psychology, reaction time is used as an index of processing
speed.20 It was not surprising that our data revealed a faster
reaction time in the athletes compared with the nonathletes
(Figure 1). An ample body of literature has reported similar
findings. Bruzi et al21 examined the reaction times of
basketball players, gymnasts, and nonathletes. Their testing
indicated a slower reaction time in the nonathlete group
compared with both athlete groups. These results can be

Table 1. Demographic Values for Adolescent Athletes and

Nonathletes

Characteristic Athletes (n ¼ 383) Nonathletes (n ¼ 279)

Females, n 18 193

Mean 6 SD

Age, y 15.76 6 1.14 15.28 6 1.22

Height, cm 177.14 6 9.95 166.42 6 11.57

Weight, kg 80.88 6 23.09 67.35 6 17.96

Table 2. Individual ImPACT Composite Scores for Adolescent

Athletes and Nonathletes (Mean 6 SD)

Composite Score Athletes Nonathletes

Verbal memory 79.16 6 11.86 81.15 6 11.44

Visual memory 68.71 6 14.18 67.72 6 14.09

Visual motor 32.82 6 7.26 32.81 6 7.62

Reaction time, s 0.62 6 0.09a 0.65 6 0.11a

Impulse control 7.66 6 6.19 7.31 6 5.87

Total symptom score 6.25 6 9.00a 12.03 6 14.73a

Abbreviation: ImPACT, Immediate Post-Concussion Assessment
and Cognitive Test (ImPACT Applications, Inc, San Diego, CA).
a Denotes significance at a priori P , .0083.

Figure 1. Average composite reaction time scores (mean 6
standard deviation) for adolescent athletes and nonathletes.
a Indicates difference.
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attributed to the effect of systematic athletic practice in
improving reaction times.22–24

Additionally, Bruzi et al21 found virtually no difference
in reaction time between the 2 athlete groups. This raises
the question of whether reaction time is a sensitive enough
measure to vary by level of competition. When the
influence of athletic skill on reaction time was addressed,
results were conflicting. Some authors have indicated that
the skill level of the athlete had no effect on reaction time.
For example, Balko et al25 observed no difference between
the reaction times of elite and nonelite fencers. In soccer
players, reaction time was not different among elite and
nonelite athletes.26 Conversely, Williams and Walmsley27

concluded that elite fencers had faster reaction times than
lower-level fencers. We did not examine differences
between levels of athletic competition, but the literature
suggests that adolescent athletes at different levels of
competition (eg, varsity and junior varsity) should not have
differences in reaction time. The vigorous training high
school athletes undergo appears to have a significant effect
on reaction time, leading to faster scores on ImPACT
compared with their nonathlete counterparts. To make
proper assessment and management decisions, clinicians
should take all of these factors regarding reaction time into
consideration when interpreting results for both popula-
tions.

The intense nature of athletics also has an effect on
symptoms. Like reaction time, total symptom score differed
between athletes and nonathletes (Figure 2). The ImPACT
total symptom score is based on the total number of
symptoms and the severity of each. Therefore, at baseline,
athletes reported either fewer concussion symptoms or less
severe symptoms (or both) than nonathletes. Several
psychosocial factors could lead to this pattern of decreased
symptom scores at baseline in athletes, including athletic
identity, the culture of risk in sports, and perceived pain
tolerance.

Athletic identity is defined as the degree to which an
athlete identifies with the athlete role.28 Adolescents have
been shown29,30 to identify highly with their extracurricular
activities (eg, sports), and removal from participation can
lead to negative social and psychological effects for the
individual. Athletic identity is often intertwined with the
culture of risk in sports, which states that athletes must and

will accept the risk of injury and sometimes push their
bodies past their limits.31 The culture of risk in sports
normalizes not only their pain but also injury, leading to a
play-at-all-costs mentality in athletes. This desensitized
state in sports can lead to guilt, shame, and frustration when
complaining about pain or injury.32 Because ImPACT uses
total symptoms reported to calculate a raw score, the results
may be skewed if athletes instinctively omit symptoms due
to these psychosocial constructs.

Another explanation for why athletes consistently report
fewer symptoms at baseline than their nonathlete counter-
parts is their perception of pain itself, specifically the
potential for heightened pain tolerance. Ryan and Kovacic33

compared contact athletes, noncontact athletes, and non-
athletes and found that contact athletes had more
experience with pain and so were able to tolerate more,
due to the ability to distinguish if the pain was truly harmful
in nature. This may be a factor in the culture of risk in
sports and sway symptom reporting, leading to decreased
scores in the athletic population, especially those in contact
sports. The psychosocial state of adolescent athletes may
play a primary role in why we found consistently lower
symptom scores in the athlete population compared with
the nonathlete population, who may not have been exposed
to these factors. The clinician should be aware that athletes
may suppress symptoms or symptom severity when self-
reporting.

No differences were present between athletes and
nonathletes for composite verbal memory, composite visual
memory, composite visual motor speed, and composite
impulse control (Table 2). Although differences between
the groups for composite verbal memory were nonsignif-
icant, a trend suggested that nonathletes scored higher than
athletes (81.15 and 79.16, respectively). Previous research-
ers34–38 have demonstrated variations in verbal memory
capacity among adolescents who participated in different
activities, specifically music. This could indicate cognitive
differences in adolescents based on extracurricular tasks,
but more study is needed.

We found that visual memory, unlike verbal memory,
appeared to be more consistent between athletes and
nonathletes. Although this is not surprising, the mean
scores for composite visual memory were close (athletes¼
68.71, nonathletes ¼ 67.72). Multiple investigators35,38

noted that visual memory did not increase in adolescents
who participated in music (a nonathletic extracurricular
activity) versus those who did not, which is in line with the
fairly similar performances on composite visual memory
we observed.

On ImPACT, composite impulse control is an indication
of effort level and is typically monitored to ensure
validation of baseline scores. Even though the findings
were nonsignificant, athletes had consistently higher
composite impulse control scores than their nonathlete
counterparts (7.66 and 7.31, respectively). It has been
suggested that 1 of every 10 high school football athletes
will exhibit poor effort on neuropsychological batteries, and
these relatively high impulse control scores suggest the
same pattern.39 Nonathletes presented with similar scores,
which may suggest that adolescents in general put forth
similar efforts in baseline testing.

The scores for composite visual motor speed were nearly
identical between athletes and nonathletes (32.82 and

Figure 2. Average total symptom score (mean 6 standard
deviation) for adolescent athletes and nonathletes. a Indicates
difference.
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32.81, respectively). Relatively little research has focused
on the effects of participation in certain activities on visual
motor capabilities in the adolescent population. Our results
indicated that participating in athletics had little to no effect
on a high school student’s ability to perform visual motor
tasks.

The exploration of differences between athletes and
nonathletes for concussion management is the next logical
progression in the literature. As previously mentioned,
cognitive ability varies markedly with regard to how it is
used in clinical practice. To our knowledge, we are the first
to examine the effect of athletic status on baseline
neuropsychological test scores, adding to the preexisting
body of adolescent concussion literature. This information
is vital to clinicians who provide care to adolescents,
specifically high school ATs. More than half of the high
school population consists of nonathletes, and ATs are
increasingly treating nonathletes, specifically band mem-
bers, cheerleaders, and members of club sports. Some
concussion protocols address treatment procedures for
nonathletic organizations that often associate with athletic
teams.

When a high school AT is faced with managing a
concussion in a nonathlete, the protocol normally follows a
similar trajectory as for an athlete, including neuropsycho-
logical testing. In most of these cases, no baseline test
performance will be available. This can become problem-
atic when attempting to compare postinjury ImPACT
scores with baseline scores, whether they be for matched
peers or normative data. Our findings showed that such
comparisons would be invalid and could lead to improper
management of the patient’s injury. This idea can also be a
factor when a clinician is faced with an athlete who has a
condition that is not examined during baseline neuropsy-
chological testing. If specific matched comparisons are not
available in the athlete population, it is not appropriate to
use the data of nonathletes.

The current study adds support to the concept that
nonathletes should not serve as matched controls in
concussion research. Studying nonathletes as controls in
concussion research may be appealing due to a significant
increase in potential matches. Additionally, when uninjured
athletes function as controls, the inherent risk of injury
could lead to possible experimental mortality. A possible
but irresponsible solution is nonathlete controls. The
potential benefits do not outweigh the inherent limitations
that influence the interpretation of data. Along with
others,40 we demonstrated differences in the major tiers
of concussion management (symptoms, neuropsychology,
and balance) between these 2 populations. Therefore, we
recommend not relying on nonathletes as a comparison
group in future research.

Our study had several limitations. One limitation was the
inability to examine differences in the nonathlete group by
activity. We did not examine specific activities in which the
nonathlete group participated. Doing so would have
allowed for specialized examination of the results and
may have offered insight into extracurricular activities that
may have had a larger effect on neuropsychological testing.
A second limitation was the uneven distribution of males
and females within each group. Previous authors41 have
shown sex-based differences on neuropsychological tests in
the adolescent population. Lastly, we investigated a

retrospective sample of adolescents in a single school
district; therefore, the results may not be generalizable to
the entire adolescent population.

CONCLUSIONS

The present study was among the first to examine
differences between the adolescent athlete and nonathlete
populations on ImPACT in order to better understand if
performance differences were present. Our results can assist
clinicians in interpreting results, as well as shedding light
on future research involving the 2 populations. After
analyzing the results of the present study, we advise that
nonathletes not serve as healthy controls or comparison
groups in future research. The differences between the 2
groups at baseline were significant and would pose an
inherent limitation for any study. The benefit of having
more participants for the control group, along with the
decreased risk of experimental mortality, does not outweigh
the fact that subtle differences could lead to skewed data.
Future investigators should, however, continue to explore
the role of athletic status in concussion. Authors should
address the limitations of the current study pertaining to the
effects of specific extracurricular activities on the ImPACT.
Additionally, the recovery trajectories and return-to-learn
paradigms of nonathletes need to be examined. Concussion
is a relative risk for nonathletes; therefore, clinicians may
be asked to treat these students, even though no current
research offers insight into how this should be carried out.
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