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ABSTRACT
Purpose: To determine the relationship between diagnosed
concussions and impulsivity and sensation seeking in colle-
giate student-athletes.

Methods: A convenience sample of 1,244 collegiate student-
athletes (56.5% males; age: 19.52 + 1.33 years) from four col-
leges and/or universities. This cross-sectional study used a
10-minute survey that included demographics, previously
diagnosed concussion history, the 15-item Barratt Impulsive-
ness Scale, and the 8-item Brief Sensation Seeking Scale.

Results: Impulsivity and sensation seeking were statistically
significant correlates of total diagnosed concussions using
Spearman’s rho (rho for impulsivity = .08, P < .01; rho for sensa-
tion seeking = .08, P < .01). Impulsivity remained a statistically
significant predictor (exp(b) = 1.35,95% Cl = 1.16 to 1.54) in a
negative binomial regression model, suggesting that a 1-point
difference in impulsivity implies a 35% increase in concussions
when adjusting for covariates. High-risk concussion sport type
was also a significant predictor (exp(b) 2.02, 95% Cl = 1.37 to
2.67). However, sensation seeking (exp(b) = 1.14,95% Cl = 0.94
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to 1.34) and sex (1 = male, exp(b) = 1.03,95% Cl = 0.60 to 1.46)
were not statistically significant.

Conclusions: There may be a potential association between
impulsivity and concussions, but longitudinal research is need-
ed to help clarify the cause-and-effect directionality between
concussions and impulsivity.

[Athletic Training & Sports Health Care. 2021;13(6):e402-e412.]

port-related concussions are a high-profile public

health concern that affects athletes at all levels.!

Concussions are heterogeneous injuries that can
present with a variety of physical symptoms (eg, head-
ache, dizziness, and nausea) and impairments (eg, bal-
ance, cognitive, ocular, and vestibular).? Although most
physical and cognitive symptoms resolve within 14 days
for adults® and 30 days for children, many athletes ex-
perience lingering post-concussive symptoms and im-
pairments.” Although research suggests that multiple
concussions may be associated with the development of

50 more research

mood, behavior, and cognitive changes,
is needed regarding which intrinsic variables may be a
risk factor for sustaining a concussion and which vari-
ables may be a consequence of injury.

A starting point for concussion prevention is to iden-
tify injury risk factors. This may lead to interventions
that can be developed to provide at-risk athletes with
additional concussion education and sport technique
modifications. Risk factors for sustaining a concussion
are having a history of previous concussions”® and fe-
male sex.”!? Athletes who have previously sustained
concussions are at a greater risk of sustaining a future
concussive injury compared to athletes with no con-
cussion history.”® Females have a higher injury rate of
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concussions in comparable sports’'? and take longer to
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recover than males.”!! Regardless of sex, concussion in-
jury rates are higher in sports where contact or collision
are inherent to the game in comparison to non-contact
athletic activities.!*!? Although many potential risk fac-
tors have been considered, there is minimal evidence
regarding how concussion history specifically relates to
psychological variables.

Previous investigations have considered personality
traits,'® impulsivity,' and sensation seeking related to
concussions.!>!® One study found that none of the Big
Five personality traits (ie, conscientiousness, agreeable-
ness, openness, extraversion, and neuroticism) were
related to diagnosed concussion history in a sample of
collegiate student-athletes.’* Conversely, Kerr et al'4
found that former collegiate student-athletes with a
history of two or more concussions had higher mean
adjusted scores of impulsivity than student-athletes

1'% resules indi-

who reported no concussions. Kerr et a
cated that student-athletes who sustained two previous
concussions had a 5.5% higher mean impulsivity score
than former collegiate athletes with no history of con-
cussions.* Higher sensation seeking tendencies have
also been found to be prospectively related to higher
concussion incidence rates in rugby players'® and ret-
rospectively connected to young adults who reported a
history of previous head injuries.'® Additionally, retired
Canadian professional football players with histories of
multiple concussions were found to have significantly
reduced inhibition and higher mania and aggression
scores compared to a healthy control group.!” Reduced
inhibition leads to impulsivity,'® and these findings are
consistent with a study that found increased impulsive
life decision-making processes in patients with a trau-
matic brain injury." The results of these studies collec-
tively suggest that there may be a relationship between
impulsivity, sensation seeking, and head injuries that
warrants further investigation.

Impulsivity has previously been defined as the “pre-
disposition toward rapid, unplanned reactions to inter-
nal or external stimuli without regard to the negative
consequences of these reactions,”” whereas sensation
seeking refers to “the seeking of varied, novel, complex,
and intense sensations and experiences, and the will-
ingness to take risks for the sake of such experiences.”*!
Much of the literature regarding these variables and
concussion is characterized by methodological and sam-
pling issues that limit the generalizability of previous
findings to collegiate athletics. Such limitations are the

inclusion of one sport,’>!” limited heterogeneity with-

in level of play,'#!1>"7

14,15

sampling from one institution/

location, 15,17

the inclusion of male athletes only,
and a large range in time between athletic participa-
tion and survey completion (eg, 0 to 25 years), which
could produce injury recall inaccuracies and biases.'*!”
The current study sought to add to the existing litera-
ture by using a large sample of current male and female
student-athletes from multiple institutions who repre-
sented all three levels of play within the National Col-
legiate Athletic Association (NCAA). For psychological
variables to be considered in concussion awareness and
management efforts, the interaction between concus-
sive injury, impulsivity, and sensation secking must be
more clearly defined. Therefore, the primary purpose of
this study was to investigate the relationship between
the number of diagnosed concussions and impulsivity
and sensation seeking in collegiate student-athletes.
Based on the findings of the available literature on this

1519 we hypothesized that impulsivity and sensa-

topic,
tion seeking scores would increase as the number of

previously diagnosed concussions increased.

METHODS
Research Design and Participants
This cross-sectional study included male and female

collegiate student-athletes who participated in baseball,
basketball, cross country, women’s field hockey, football,
golf, gymnastics, ice hockey, lacrosse, women’s rowing,
soccer, softball, swimming and diving, tennis, track and
field, volleyball, water polo, or wrestling at the NCAA
Division I, II, and III levels from four institutions. All
sport types were included to increase the generalizability
of study results and to be consistent with NCAA sport
inclusion documented in previous literature.'* Inclusion
criteria were collegiate student-athletes between the ages
of 18 and 25 years who were able to read and write in
the English language. Participants were excluded from
this study if they (1) were currently recovering from an
acute concussion; (2) had a self-reported history of sus-
taining a concussion within the 3 months prior to data
collection; or (3) had recovered from a musculoskeletal
injury. The exclusion criteria were implemented to de-
crease potential response biases on additional survey in-
struments that were collected as part of a larger study.
These items (ie, mood, Big Five personality domains)
were not the focus of the current study, but concussion
signs and symptoms and musculoskeletal pain could
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have influenced responses. Additionally, the 3-month
post-concussion timeframe was selected because it was
outside the average 10- to 14-day loss of participation
in the student-athlete population, thus increasing the
likelihood of full recovery.?

Data Collection Procedure

Prior to data collection, the institutional review
board at Michigan State University approved this study
and deemed it exempt. This study used convenience
sampling methods for both institution and participant
recruitment. The principal investigator (EB) contacted
30 head athletic trainers from a variety of NCAA insti-
tutions in the midwestern United States and Pennsyl-
vania by email to inform them of the study. Of those
contacted, four NCAA institutions (Division I, n = 1;
Division II, n = 2; Division III, n = 1) agreed to partici-
pate. Previously approved variations of the data collec-
tion plan were employed based on the logistics of sports
medicine care at each institution. At three of the partici-
pating institutions, survey responses were collected dur-
ing pre-participation physical examinations in paper and
pencil form or via the Qualtrics online survey software
(Qualtrics) on a smart device. The remaining institution
did not have on-campus pre-participation physical ex-
aminations, so paper and pencil survey responses were
collected before or after team meetings or practices. The
survey took approximately 10 minutes to complete. All
data collection occurred in the fall of 2015.

Survey Instrument

The one-time survey included demographic infor-
mation, concussion history, and two psychological as-
sessments. The primary dependent variable in this study
was the total number of diagnosed concussions. This
was assessed by asking participants to self-report how
many previous concussions they had sustained that were
diagnosed by a medical professional. Sex and concus-
sion risk sport type were considered covariates in this
investigation. Sex was assessed by asking participants
whether they were male or female. For concussion risk
sport type, participants were first asked to indicate
the collegiate sport they participated in from a list of
all NCAA-sanctioned sports. Based on their response,
participants were then categorized into sports with a
high risk of concussion (> 2.50 concussions per 10,000
athlete-exposures [eg, football, soccer, or lacrosse]) or a
low risk of concussion (< 2.50 concussions per 10,000

athlete-exposures [eg, cross country, golf, or tennis])
sport types based on injury rates from an epidemiologi-
cal study of concussion in NCAA student-athletes.!?
The cutoff point was determined by the categorization
of sports by impact expectation in the NCAA Sports
Medicine Handbook.?

Impulsivity was measured using the 15-item Barratt
Impulsiveness Scale (BIS-15).%* The BIS-15 asks partici-
pants to rate each item on a 4-point scale (1 = rarely to
never; 4 = almost always) based on the way in which they
normally act and think. For example, participants were
asked to report how often they “plan for the future” or
“do things without thinking.” The main outcome from
the BIS-15 was the total impulsivity composite score,
with a minimum mean score of 1 and a maximum of 4.
A higher mean score indicated higher impulsivity. The
BIS-15 had a Cronbach’s alpha value of 0.82 in a large
sample of community-dwelling adults.?® The estimate
for Cronbach’s alpha was 0.83 in this sample.

Sensation secking was determined using the Brief
Sensation Seeking Scale (BSSS).2* The BSSS uses a
5-point scale (1 = strongly disagree; 5 = strongly agree)
and asks participants to rank how well each item de-
scribes them (eg, “I would like to try bungee jumping”
or “T get restless when I spend too much time at home”).
The BSSS outcome measure was the total sensation
seeking composite score with a minimum mean score of
1 and a maximum of 5. The BSSS had an overall inter-
nal consistency of 0.76 in the study by Hoyle et al**and
was found to be a reliable measure of sensation seeking
across sex, age, and ethnicity. In the current study, the
estimate for Cronbach’s alpha was 0.76.

Statistical Analysis

As a preliminary step, a series of independent-samples
¢ tests were completed to investigate the potential dif-
ferences in impulsivity and sensation secking between
males versus females and high versus low concussion risk
sport participants. Effect sizes were calculated for the
mean differences in impulsivity and sensation seeking
between sexes (males, females) and concussion risk sport
type (high, low) groups using Cohen’s 4. The effect sizes
were defined by Cohen’s recommendations of 0.20 or
less as a small effect, 0.50 as a medium effect, and 0.80
or greater as a large effect.”> A Pearson chi-square analy-
sis was also conducted to determine whether there were
associations between sex and concussion risk sport type.
An alpha level of .05 was set for all analyses.
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We also computed Spearman’s rho correlations between
total diagnosed concussions and BIS-15 total impulsivity
and BSSS total sensation secking. These coeflicients are in
an intuitive correlational effect size metric, and research-
ers have recently argued that coefficients approximately
0.10 are small, approximately 0.20 are typical, and greater
than 0.30 are large in relation to the individual difference
literature.?® Because the primary dependent variable was
a count variable, a standard ordinary least squares regres-
sion analysis was inappropriate.”” ‘Therefore, we used
count regression methods and considered Poisson, nega-
tive binomial regression, and zero-inflated negative bino-
mial regression models estimated with the Mplus software
package (Muthen & Muthen). We used the sandwich
estimator to calculate standard errors because data were
collected from four institutions, which raised concerns
about non-independence (ie, MLR estimation in Mplus).
However, results ignoring the potential clustering of data
within institutions were almost identical to those reported
here (ie, ML estimation in Mplus). The small number of
institutions precluded more complicated multilevel mod-
eling approaches. We predicted the total number of diag-
nosed concussions from the BIS total, BSSS total, male
sex, and concussion risk sport type variables. BIS total and
BSSS total were both included in the model because the
two variables were correlated (» = 0.36).

The regression model with the lowest Bayesian In-
formation Criterion was selected for final presentation,
because the BIC is used for model selection purposes
(lower scores are better). A negative binomial model was
selected in this case. The negative binomial model is a
common approach for dealing with data that are more
dispersed than would be assumed by a Poisson regres-
sion model. This was evident in the analyses because
the dispersion parameter estimates were always statisti-
cally significant in the negative binomial model, further
attesting to the appropriateness of this model for the
data. We also estimated this model with SPSS software
(SPSS, Inc) and obtained the same results.

The coefhicients from the negative binomial model
are used to predict the natural log of a count variable.
Because this metric is unfamiliar to many researchers,
the coefficients can be exponentiated to facilitate inter-
pretation. The interpretation of such an exponentiated
coeflicient represents the predicted multiplicative effect
of a 1-unit increase for a given variable. For example, if
the exponentiated coefficient for sensation seeking was
1.40, the interpretation would be that an individual with

a sensation seeking score of 3.50 was predicted to have
a 40.0% higher rate of concussions than an individual
with a sensation seeking score of 2.50. Similar logic ap-
plies to categorical variables. For example, if sex is cod-
ed as 1 = males and 0 = females and the exponentiated
coeflicient is 1.50, the interpretation is that males have
50.0% more concussions than females. Coxe et al*” pro-
vided an accessible introduction to the analyses of count
data using regression-type models for those interested in
more details.

RESULTS
Participant Demographics
Of the 2,055 collegiate student-athletes approached for

participation, 1,398 responses were collected from four dif-

ferent NCAA institutions with a resultant 68.0% response
rate. A total of 154 of 1,398 (11.0%) participants were
excluded from the statistical analysis because they did not
meet the inclusion criteria or they did not complete enough
usable survey items. Therefore, survey responses from 1,244
of 1,398 (60.5%) collegiate student-athletes were included
in the statistical analysis (age: 19.52 + 1.33 years; height:
177.02 £ 10.34 cm; weight: 77.71 + 17.55 kg). The distri-
bution of self-reported diagnosed concussive injuries was as
follows: 0, n = 937 (75.3%); 1, n = 204 (16.4%); 2, n = 73
(5.9%); 3, n = 20 (1.6%); 4, n = 6 (0.5%); 5, n = 3 (0.2%);
and 6, n = 1 (0.1%). Most participants were male (n = 703,
56.5%) and played sports with a high risk of concussion (n
= 726, 58.4%). Males were more likely to report playing
sports with a high risk of concussion compared to females
(Pearson chi-square = 8.023, df = 1, P = .005, phi coef-
ficient = .08). Additional demographic information can be
found in Tables 1-2.

Impulsivity and Sensation Seeking by Sex and
Concussion Risk Sport Type

The results of an independent-samples # test support-
ed a significant difference in impulsivity scores between
the sexes (#(1,221) =4.12, P< .01, d = 0.23), with male
collegiate student-athletes having higher scores than fe-
male collegiate student-athletes (2.11 + 0.41 vs 2.01 +
0.47, respectively). No sensation seeking sex differences
were found (male: 3.35 + 0.68; female: 3.34 + 0.73);
#1,208) = .27, P = .79, d = 0.01). As for sport type,
athletes playing sports with a high risk of concussion
had significantly higher impulsivity compared to ath-
letes playing sports with a low risk of concussion (2.10

+ 0.43 vs 2.02 = 0.45, respectively) (#(1,220) = 3.20,
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TABLE 3
Mean Impulsivity and
Sensation Seeking Scores
BIS Total BSSS Total

Variable (Mean £ SD) (Mean * SD)
Sex

Male 211+041 336+£0.97

Female 2.01+£047 334+0.74
Concussion history

None 2.05+043 332+0.71

1 2.08+£0.44 341071

2+ 222+048 3.50+0.68
Concussion risk sport type

Low 2.02+045 3.34+0.68

High 2.10+043 336+0.73
BIS = Barratt Impulsiveness Scale; BSSS = Brief Sensation Seeking Scale; SD =
standard deviation

P < .01, d = 0.18). However, there was no evidence of
a difference in sensation seeking between participants
who played sports with a high or low risk of concus-
sion (3.36 + 0.72 vs 3.34 + 0.68, respectively) (#(1,207)
= 0.47, P = .64, d = 0.03). Although analyses found
significant impulsivity differences, the degree of clinical
relevance of these findings was not substantial because
the Cohen’s 4 effect sizes were 0.23 for sex and 0.18 for
concussion risk sport type.

Diagnosed Concussion Predictors

The average total impulsivity score for the sample
was 2.07 + 0.44 (median = 2.07, minimum = 1.00,
maximum = 3.64, skewness = 0.23, kurtosis = -0.10),

and the average total sensation seeking score was 3.35
+ 0.71 (median = 3.38, minimum = 1.00, maximum =
5.00, skewness = -0.11, kurtosis = -0.17). Impulsivity
and sensation seeking mean outcome scores by sex, con-
cussion history, and concussion risk sport type are listed
in Table 3. Spearman’s rho correlations found that the
included intrinsic variables and diagnosed concussion
associations were positive and statistically significant
(tho for impulsivity = .08, P < .01; rho for sensation
seeking = .08, P < .01). Individuals with higher levels
of impulsivity and sensation seeking reported higher
numbers of diagnosed concussions. However, these as-
sociations were small. Concussion risk sport type clas-
sification was also significantly correlated with concus-
sion history (rho = .18, P < .01), but sex was not (rho =
.04, P =.20).

We conducted negative binomial regression analyses
that included covariates for sex and concussion risk sport
type. The results are reported in Table 4. Impulsivity was
a significant predictor of concussions (the exponentiated
coeflicient was 1.35), suggesting that a 1-point difference
in impulsivity implies a 35% increase in concussions
when adjusting for covariates. Sensation seeking was not
a statistically significant predictor in this model (the ex-
ponentiated coeflicient was 1.14). Concussion risk sport
type was a significant predictor of concussive injuries such
that those playing higher risk sports had twice the rates
of concussion than those playing sports with a low risk
of concussion after adjusting for the covariates (the expo-
nentiated coefficient was 2.02). Sex was not a statistically
significant predictor in this model (the exponentiated co-
efficient was 1.03). We also conducted exploratory analy-
ses testing whether the association between impulsivity

TABLE 4
Negative Binomial Regression Results Predicting Diagnosed Concussions

Predictor b2 SE P exp(b)® 95% ClI
Intercept -2.57 0.36 <.01¢ - -
BIS-15 total impulsivity 0.30 0.14 03¢ 135 1.16to 1.54
BSSS total sensation seeking 0.13 .09 0.15 1.14 0.94t01.34
Male sex 0.03 0.12 .82 1.03 0.60to 1.46
Concussion risk sport type 0.70 0.13 <.01¢ 2.02 1.37102.67

metric, whereas the exp(b) column is often more interpretable.

as many concussions as a person with an impulsivity score of 2.
P <.05.

SE = standard error; BIS-15 = 15-item Barratt Impulsiveness Scale; BSSS = Brief Sensation Seeking Scale
2In negative binomial models, the dependent variable is the natural log of the number of diagnosed concussions. The b column is the regression coefficient predicting to this

The exp(b) reflects the multiplicative effect of a 1-unit difference in the level of an independent variable. A person with an impulsivity score of 3 is predicted to have 1.35 times
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and concussions was moderated by sex or sport type. No
such moderator effects were statistically detectable. The
same was true for sensation seeking.

DISCUSSION
This study focused on the relationship between diag-

nosed concussions, impulsivity, and sensation seeking.
This is the first study to investigate these psychological
variables in a large, diverse (ie, sex, sport) sample of col-
legiate student-athletes who were actively participating
in college sports at the time of assessment. The study
sample also came from four different institutions and
represented all competitive levels of NCAA athletics.
Results indicated a statistically significant association
between concussions and concussion risk sport type and
higher impulsivity scores, but the clinical meaningful-
ness of these findings requires further study due small
magnitudes of effect. There was also no association be-
tween sensation seeking and concussion history. These
findings partially supported our hypothesis that impul-
sivity and sensation seeking scores would increase as the
number of previously diagnosed concussions increased.

There was a small, positive association between an
increased number of diagnosed concussions and high-
er impulsivity in our collegiate student-athlete sample.
This finding is similar to Kerr et al,'* who used the same
impulsivity measurement tool. The primary difference
between studies was that our population comprised cur-
rent collegiate student-athletes, whereas Kerr et al'# in-
vestigated a sample of former collegiate student-athletes
with approximately 30% having been more than 20
years removed from college sport participation. Com-
pared to Kerr et al’s'* 5.5% increase in impulsivity scores
in former collegiate student-athletes, we found a 4.3%
increase in our sample of current collegiate student-
athletes with histories of multiple diagnosed concussions
compared to those with no concussion history. The cur-
rent study overcame limitations identified in previous
literature and found similar results, which suggests that
there may be a statistically detectable relationship be-
tween concussions and impulsivity, regardless of college
sport participation timing.

Both the current study and the study by Kerr et al'
were limited by retrospective study designs, and it is un-
clear what is considered a minimal clinical important dif-
ference for the BIS-15 assessment tool. Due to this, the
magnitude of difference and cause-and-effect directional-
ity cannot be determined, and third variable explanations

are possible in all observational studies. The observation
that impulsivity remained significant when sport type was
in the model suggests that this is not a viable third vari-
able (ie, athletes playing certain sports are more impulsive
and more likely to be diagnosed as having concussions).
It is unclear whether increased impulsivity is a contrib-
uting factor to sustaining concussive injuries or whether
the culminating effect of previous concussions led to the
adoption of increased impulsive behaviors. Both pos-
sibilities have support. A previous study found that in-
dividuals who are higher risk takers, in general, have an
increased probability for sustaining an injury compared
to lower risk takers.”® Due to their increased impulsive-
ness, collegiate student-athletes who are higher risk tak-
ers may not take the time to think critically about their
own physical safety before making a daring play, which
could result in injury. This theory is consistent with the
study by Mc Fie et al®® that found that South African
high school rugby players with a history of concussions
had significantly lower harm avoidance behaviors, which
could lead to a greater risk for sustaining an injury when
paired with a high level of confidence.

Conversely, previous research using helmet acceler-
ometers found that the frontal region of the cranium
sustains the most impacts during contact sport partici-
pation.?® This is also the region of the brain that houses
decision-making processes.?! Therefore, the cumulative
effects of head impacts to the prefrontal cortex in the
frontal region of the brain may cause a decrease in an
individual’s protective intuitions, thus leading to the po-
tential adoption of more impulsive behaviors than he or
she would have made prior to sustaining multiple head
impacts or concussions. Previous literature suggests a
connection between traumatic brain injury and increased
risk-taking behaviors and poor impulse control,**?® but
it is unknown whether these results are generalizable to
less severe forms of brain injury (eg, concussions).

The same conceptual ideas could also be applied
to our sensation secking findings. The association for
sensation seeking was not statistically significant in the
multivariate analyses, which suggests that impulsivity
was more relevant for concussions than sensation seek-
ing. However, we observed a similar positive association
for sensation seeking when impulsivity was not included
in the count regression model. These sensation seeking
results align with a study by Hollis et al'® that conclud-
ed that rugby players who had higher sensation seeking
scores also had higher concussion incidence rates com-
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pared to rugby players with low to medium sensation
secking scores. Although there were methodological dif-
ferences between the two studies, it is possible to make
a general comparison of conclusions when impulsivity
is omitted from the conversation. In both studies, there
was a correlation between higher sensation seeking
scores and concussions. Therefore, thrill seekers may be
at a greater risk for sustaining concussions, or increased
sensation seeking needs may be a byproduct of sustain-
ing concussive injuries. Further research is needed to
clarify this relationship.

Concussion risk sport type was also found to be a
significant predictor of diagnosed concussions with
sports with a high risk of concussion averaging 2.0%
higher impulsivity scores than sports with a low risk
of concussion. It is inherently logical that individu-
als playing high concussion risk sports would sustain
more concussions compared to those playing sports
with a low risk of concussion. On further investigation
of our sample, 47.5% of participants who reported a
history of two or more diagnosed concussions played
equipment-intensive sports (ie, football, lacrosse, or ice
hockey). The remaining 52.5% were distributed across
12 different sports. With equipment-intensive sports
comes an assumed risk of contact and collision; there-
fore, athletes will have a greater chance of sustaining an
injury due to the physical nature of these sports. Ad-
ditionally, concussive injury risk may be further magni-
fied in equipment-intensive sports due to the concept of
risk compensation. It has been speculated that the use
of protective equipment, such as helmets and shoulder
pads, may lead an athlete to feel a false sense of pro-
tection and subsequently adopt a riskier style of play.**
Again, although results indicated a statistical relation-
ship between concussion risk sport type and impulsivity
outcomes, more research is needed to understand the
clinical meaningfulness of this finding.

Limitations

This study had limitations that must be considered.
First, this was a retrospective investigation of psychologi-
cal variables and concussion history. Due to this, the col-
lected variables were largely based on self-reported infor-
mation. Relying on participants’ capacity to remember
their previous diagnosed concussions is not as accurate
as injury verification through medical documentation;
however, concussion self-reporting is commonly used in
research and has been found to have moderate reliability

across a 9-year time span.’ This study only accounted for
self-reports of diagnosed concussions and does not con-
sider concussions that went unreported or undiagnosed.
Additionally, a concussion definition was not provided to
the respondents, which could lead to self-interpretation
variations of this outcome. These factors should be con-
sidered in the future. The cross-sectional nature of this
study also limited the ability to define causative relation-
ships between the psychological variables and concussion
history, because the level of impulsivity and sensation
seeking present prior to injury was unknown. Another
possible limitation of this study was the risk-taking in-
strument selection. There is a lack of previous literature
on impulsivity in NCAA sports. The available literature
focuses on extreme sport (eg, mountaineering, hang glid-
ing), and the instrumentation used in those studies was
not adaptable to more traditional sport (eg, football, soc-
cer). Due to this, a general measure of impulsivity was
chosen for this study and the interpretation of results
should be from a general perspective rather than a sport-
specific one. Although this study included participants
from all levels of NCAA competition, the sample origi-
nated from only four institutions and participants could
only indicate one sport of participation. Results may not
be generalizable to the entire collegiate student-athlete
population or multi-sport athletes.

More research is needed regarding the potential re-
lationship between concussions, impulsivity, and sport
type. To help clarify whether there is a causal relation-
ship between concussions and increased levels of impul-
sivity, a longitudinal study that includes a pretest and
posttest design is warranted. Expanding a longitudinal
study to include high school and professional athletes
would also be useful to increase generalizability to dif-
ferent levels of athletic competition. It could also be
productive to look for differences between demographic
sport groups to determine whether there are variations
in the psychological profile as the time spent in sport
and competition level increase. It is also recommended
that future studies consider additional covariates (eg,
ADHD, player position, injury mechanisms, race, sleep
quality, and mental health history) that could be risk
factors for concussion occurrence.

IMPLICATIONS FOR CLINICAL PRACTICE
Overall, this study provides support for a potential

small association between impulsivity and concussions
that persists when taking sport type into account. If fu-
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ture prospective investigations confirm that impulsiv-
ity is a risk factor for concussion occurrence, then this
individual difference construct could be considered
and addressed in multidimensional injury prevention
strategies. There might be value in identifying athletes
with higher impulsive tendencies and providing them
with additional monitoring and education about con-
cussions. The standardized instruments could be incor-
porated into pre-participation physical examinations to
screen all athletes for higher levels of impulsivity. If sub-
sequent research finds that impulsivity is a byproduct of
sustaining concussions, a similar approach could be used
to track post-injury outcomes. Poor impulse control has
been documented as a sign of more substantial cognitive
functioning disorders (eg, chronic traumatic encepha-
lopathy)®*; therefore, it may be beneficial to assess im-
pulsivity at regular time intervals post-concussion to aid
in the identification of more concerning issues that may
develop. A caveat in both instances is that the observed
effect sizes in this study were small, so using a standard-
ized instrument would be one element of any compre-
hensive prevention or management strategy.

Further identification of impulsive tendencies in col-
legiate student-athletes could occur through the visual
observation of performance behaviors by sports medi-
cine professionals and/or coaches. Conducting a biome-
chanical analysis of sport maneuvers for high risk-taking
collegiate student-athletes may lead to the prescription
of style of play modifications. Video review could also
be used to identify dangerous sport actions that subse-
quently lead to head impacts. Then, a collaborative plan
between the student-athlete, coaches, and sports medi-
cine professionals could be developed to alter playing
mechanics to avoid injury. Thus, the results of this study
expand the findings of previous investigations and fur-
ther highlight the potential relevance of psychological
characteristics related to impulsivity and concussions.
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