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Context: Injury or iliness can affect individual perceptions of
health status and health-related quality of life (HRQOL).
Concussion can result in different symptoms, impairments, and
functional limitations that have been found to lower HRQOL.
Furthermore, concussion is known to influence the emotional and
behavioral dyscontrol domains of HRQOL in pediatric populations;
however, this has yet to be explored in other populations.

Objective: To compare individuals with and those without a
concussion history and (1) HRQOL and (2) the emotional and
behavioral dyscontrol domains of HRQOL in college students.

Design: Cross-sectional study.

Setting: University laboratory setting.

Patients or Other Participants: Of a total of 252 partici-
pants (155 women; age = 19.95 = 1.53 years), 76 (30.2%) had a
history of concussion and 176 (69.8%) did not. For partici-
pants with a history of concussion, the mean time since injury
was 5.29 * 2.77 years.

Main Outcome Measure(s): The Patient-Reported Outcome
Measures Information System (PROMIS) Global Health, version
1.1, and Quality of Life in Neurological Disorders Emotional and
Behavioral Dyscontrol Short Form (Neuro-QOL).

Results: No differences were seen between median scores
in individuals with and those without a history of concussion in
the PROMIS Physical Health (13.0 versus 14.0; P = .24),
PROMIS Mental Health (12.0 versus 12.0; P = .99), and
Neuro-QOL (16.0 versus 16.0; P = .47) scores. Additionally,
when gender was controlled, the associations between a
history of concussion and PROMIS Physical Health score
(odds ratio [OR] = 1.04; 95% CI = 0.43, 2.52), PROMIS
Mental Health score (OR = 0.66; 95% CI = 0.13, 3.25), and
Neuro-QOL score (OR = 1.16; 95% Cl = 0.66, 2.04) were not
significant.

Conclusions: Preliminary findings suggested that the emo-
tional and behavioral dyscontrol domains were not influenced
by a concussion history of > 1 year in college-aged partici-
pants. Future researchers should continue to explore specific
HRQOL domains affected by concussion as well as the influ-
ences of prior mental health conditions and behavioral dysfunction
after a subsequent injury.

Key Words: mild traumatic brain injury, psychological health,
athletes

Key Points

» To our knowledge, we are the first to examine concussion history and the emotional and behavioral dyscontrol
domains of health-related quality of life in college-aged participants using the Quality of Life in Neurological Disorders
Emotional and Behavioral Dyscontrol Short Form.

 No differences were noted between college students with and those without a history of concussion on global health
and emotional and behavioral dyscontrol health-related quality of life measures.

» Emotional and behavioral dyscontrol may not be relevant to those without a recent previous concussion but should

warrant future research in individuals currently experiencing a concussion.

cussion, is becoming an increasingly popular topic

in the global medical literature due to increasing
awareness of its occurrence and unique symptom presen-
tation. Concussion is associated with a variety of symptoms,
impairments, and functional limitations, including headache,
confusion, dizziness, nausea, memory loss, and impaired men-
tal processing.! Furthermore, concussion results in impair-
ments in motor control, vision, and cognition? that can result
in functional limitations related to physical activity, academic
activity, electronic use, work, and social activity.> Additionally,

C oncussion, and more specifically sport-related con-

females may experience more concussion symptoms (ie, neu-
rocognitive functioning, irritability, and sadness) than males.*
Collectively, the presence of symptoms, impairments, and
functional limitations may affect the lives of individuals
regarding sport participation, activities of daily living, and
overall well-being. Consequently, these outcomes of concus-
sion may have serious effects on health-related quality of life
(HRQOL).?

Health-related quality of life is defined as a combination
of the “patient’s functional ability as well as the social and
psychological abilities that allow them to fulfill their expected
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roles in society.”® Essentially, this is the individual’s percep-
tion of overall functioning and well-being. Numerous domains
of quality of life, including physical, psychological, and social
relationships, can be influenced by the environment, personal
experiences, expectations, and perceptions.”® Among patients
with concussion, a history of concussion was associated with
lower HRQOL>® and patients demonstrated lower HRQOL
in the acute phase after concussion.'®'? Collegiate athletes
who reported a history of concussion scored lower on the
Short Form 36 domains of bodily pain, vitality, and social
functioning, indicating that concussion history had a neg-
ative effect on HRQOL.®> Other authors''™'3 observed that
the physical (eg, bodily pain and headache), psychologi-
cal (eg, anxiety and depression), and social (eg, work,
school, or social events) domains of HRQOL were also
negatively affected by concussion. Furthermore, several
groups'®'? determined that symptom severity after con-
cussion was correlated with HRQOL and that HRQOL may
fluctuate with the time point after injury in collegiate popu-
lations. However, specific domains of HRQOL, such as emo-
tional and behavioral dyscontrol associated with psychological
health, that may still be negatively affected by concussion
have yet to be explored.

Each domain of HRQOL has subdomains that can be
influenced by the individual patient’s beliefs, perceptions,
values, and experiences.” Emotional and behavioral dyscon-
trol is a subdomain of psychological health that is defined by
inattention, an inability to adjust to external changes due
to concussion (ie, missed school or sport), an inability to
control temper, impatience, irritability, and conflict with
self or others." Concussion may lead to behavioral and
emotional difficulties in pediatric cohorts,'* as internal
problems exacerbated by concussion symptoms (eg, anxi-
ety and depression) may cause children to be more vulner-
able to behavioral problems. However, few researchers
have examined this in other populations, such as college-aged
individuals.

Despite the significant amount of evidence supporting
the effect of concussion on various domains of HRQOL,
the influence of concussion on the emotional and dyscon-
trol domains, specifically in college-aged populations, has
yet to be investigated. Therefore, the purpose of our study
was to compare the effects of self-reported concussion
history on HRQOL and, more specifically, the emotional
and behavioral dyscontrol associated with the psychologi-
cal domain of HRQOL in college students. Additionally,
we sought to predict which individuals with a history of
concussion would have greater odds of better or worse
HRQOL than individuals without a history of concussion
based on self-reported gender and a previous diagnosis of
depression or anxiety. We hypothesized that (1) individu-
als with a history of concussion (athletes and nonathletes)
would score worse on the Patient-Reported Outcome Mea-
sures Information System (PROMIS) Global Health, version
1.1, Physical Health (PROMIS PH) and PROMIS Mental
Health (PROMIS MH) and better on the Quality of Life in
Neurological Disorders Emotional and Behavioral Dyscon-
trol Short Form (Neuro-QOL) than individuals without a
history of concussion and (2) individuals with a history of
concussion (athletes and nonathletes) would have a higher
probability of lower perceptions of HRQOL than individuals
without a history of concussion.

METHODS
Participants

A cross-sectional sample of college students enrolled in
a Department of Kinesiology course at Michigan State Uni-
versity was recruited. Recruits were asked if they had ever
been diagnosed with a concussion; however, they were not
required to provide documentation, and thus concussion his-
tory was self-reported. Participants were then grouped accord-
ing to whether they had a previous concussion or not (ie,
concussion history or no concussion history). A paragraph
describing the terms of consent was presented at the start of
the survey, and completion of the survey implied consent to
participate. This study was exempt from institutional review
board approval, as all data were deidentified. Participants
were not offered any incentives or compensation for their
involvement.

Instrumentation

The primary measures were the demographic form, includ-
ing medical history (eg, prior diagnosis of depression or anxi-
ety or both, attention-deficit disorder or attention-deficit/
hyperactivity disorder, a learning disorder or dyslexia, a
headache or migraine disorder, or motion sickness) and sport
participation history (eg, current or past participation in a
sport), the PROMIS, and the Neuro-QOL.

The PROMIS Global Health Instrument. The PROMIS
is a 10-question inventory that measures global health
concepts, including physical, mental, and social well-being.'?
This scale was designed to be convenient and easily under-
stood and to decrease the burden on patients, clinicians, and
researchers. Items on the PROMIS focus on 5 domains: (1)
physical functioning, (2) fatigue, (3) pain, (4) emotional dis-
tress, and (5) social role.'® Four items on the PROMIS assess
global physical health,'® which can include physical function,
physical symptoms, sleep function, and sexual function.'?
Additionally, 4 items measure global mental health,'® which
includes emotional distress, cognitive function, and positive
psychological function.

The PROMIS uses a Likert-style scale of answers with
excellent, very good, good, fair, and poor options for general
questions and never, rarely, sometimes, often, and always
options for questions relating to the past 7 days. Item groups
are scored for the PROMIS PH (4 items) and PROMIS MH
(4 items). Each component is then scored individually and
raw scores are converted to standardized ¢ score values; the
score (mean £ SD) of 50 £ 10 points represents the general
US population.'” Higher scores on the PROMIS indicate bet-
ter outcomes in terms of higher perceived quality of life,
physical function, and mental health, whereas lower scores
indicate worse outcomes for perceived quality of life, physi-
cal function, and mental health. We chose the PROMIS
because of its reliability and validity in measuring HRQOL
in publlc populations as well as its efficient, flexible, and
precise measurement of patient-reported outcomes (PROs) 1
Furthermore, other authors have used different versions of
the PROMIS (eg, sleep and fatigue measures) in populations
of individuals with brain injuries and found very good inter-
nal consistency (all o values of >0.80), and acceptable test-
retest reliability (all 7 values of >0.70).'® Although the
PROMIS Global Health tool has been used to detect physical
and mental health impairments in former American football
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players," to our knowledge, this is the first time version 1.1
has been used in concussion research.

Neuro-QOL: Emotional and Behavioral Dyscontrol.
The Neuro-QOL is a compilation of 13 brief surveys used
in clinical research to measure HRQOL in individuals with
neurologic disorders.?® The Emotional and Behavioral Dys-
control Short Form is an 8-item bank that was designed to
estimate a patient’s health status.?® For this study, we admin-
istered the emotional and behavioral dyscontrol form, which
measures disinhibition, emotional lability, irritability, impa-
tience, and impulsiveness.?'

Similar to the PROMIS, the Neuro-QOL uses a Likert-
style scale of answers, with never, rarely, sometimes, often,
and always options to report on health in the past 7 days.
Raw scores on the scale are converted to standardized ¢ scores,
with a mean score of 50 = 10 points representing the general
US population. Higher scores indicate better outcomes for the
presence of the factors listed above, whereas lower scores indi-
cate better outcomes for the absence of these factors, meaning
that a higher score will indicate better likelihood of the pres-
ence of emotional and behavioral dyscontrol features. The
Neuro-QOL was chosen because of its reliability*** (eg, high
reliability in individuals with epilepsy, Cronbach o = 0.93
and intraclass correlation coefficient [ICC] = 0.84%%; and high
reliability with Cronbach oo = 0.91 and ICC = 0.78%) and
validity® in populations of adults with neurologic disorders.

Procedures

This survey was administered using Michigan State Univer-
sity Qualtrics (Qualtrics). Graduate assistants in the Depart-
ment of Kinesiology were contacted via email and Microsoft
Teams (Microsoft Corp) to distribute the survey to their
students. A follow-up email and Microsoft Teams message
were sent to the graduate assistants to remind them to distrib-
ute the survey to their students, and participants were orally
reminded by the graduate assistants to complete the survey.
The survey was distributed to participating students via email
or the university’s online learning system for easy accessibil-
ity. The survey consisted of demographic information, medi-
cal history, concussion history, sport participation history, a
symptom scale, the PROMIS, and the Neuro-QOL.

Statistical Analyses

Data collected from the Qualtrics survey were exported
into an Excel spreadsheet (version 2307; Microsoft Corp).
Missing data were removed, and then the remaining data
were transferred to SPSS (version 27; IBM Corp) for analysis.
Participants were first grouped according to self-reported con-
cussion history or no concussion history. We performed
y? tests to identify differences in categorical data (eg, race or
ethnicity, year in school, medical history, current medications,
and sport participation). Preliminary Kolmogorov-Smirnov
and Shapiro-Wilk tests revealed nonnormality of the data, so
nonparametric tests were used to assess group differences.
Median scores and 25th and 75th interquartile ranges (IQRs)
were calculated for all outcome measures, and Mann-Whitney
U tests were conducted to evaluate group differences for each
measure. Raw scores on the outcome measures were then
converted to standardized ¢ scores and dichotomized as high
(t score of >50) or low (¢ score of <50). We computed a
univariable logistic regression to assess associations between

a history of self-reported concussion and the PROMIS PH,
PROMIS MH, and Neuro-QOL scores. Additionally, mul-
tivariable logistic regressions were conducted to evaluate
associations between a history of self-reported concussion
and PROMIS PH, PROMIS MH, and Neuro-QOL scores
while controlling for possible confounding factors, such
as gender and a history of depression or anxiety. Model fit for
logistic regression analyses was determined based on the sig-
nificance of the adjusted odds ratios (ORs) and the 95% Cls
for each predictor variable. The significance level was set a
priori at P <.05 for all analyses.

RESULTS
Demographic Characteristics

A total of 302 individuals were recruited for the survey;
however, only 252 individuals finished it, for a completion
rate of 83.4%. Therefore, we analyzed the responses of 252
college student participants (age = 19.95 £ 1.53 years; 62%
women). Among these participants, 176 (69.8%) reported no
concussion history, and 76 (30.1%) reported a history of >1
concussions (time since most recent concussion = 5.29 =
2.77 years). Among the group with no concussion history, 75
(53% men) participants indicated that they currently played a
sport compared with 36 (50% men) in the group with a con-
cussion history. Differences between groups were noted for
race or ethnicity and medical history, with a greater proportion
of non-Hispanic White participants (73.7% versus 59.1%,
P < .05) and a greater proportion of participants with
depression or anxiety (31.6% versus 15.34%, P < .05) in
the group with a concussion history than in the group with
no concussion history. Demographic characteristics of the
groups are provided in Table 1.

Quality of Life Between Groups

We found no differences in median [IQR] scores between
the concussion history and no concussion history groups,
respectively, on the PROMIS PH (13.0 [12.0-14.0] versus
14.0 [12.25-15.0], P = .24), PROMIS MH (12.0 [10.0-
13.75] versus 12.0 [10.0-13.0], P =.99), or Neuro-QOL
(16.0 [12.0-20.0] versus 16.0 [12.0-19.0], P = .47,
Table 2). Furthermore, no differences were observed
between men and women in these groups. The ¢ scores
for both groups were lower than for the general US pop-
ulation on all outcome measures except for female par-
ticipants in the group with no concussion history on the
Neuro-QOL (Figure). When we evaluated only individuals
who played a sport, no differences were demonstrated
between those with and those without a history of concussion,
respectively, on the PROMIS PH (13.0 [13.0-14.75] versus
14.0 [13.0-15.0], P = .21), PROMIS MH (12.0 [10.0-14.0]
versus 12.0 [10.0-14.0], P = .98), or Neuro-QOL (15.0
[12.0-20.0] versus 15.0 [11.0-19.0], P =.78; Table 3).

Univariable logistic regression results are displayed in
Table 4 for outcomes on the PROMIS PH, PROMIS MH,
and Neuro-QOL. Individuals without a history of concussion
were considered the reference group, and the results indicated
that a concussion history was not significantly associated with
scores on the PROMIS PH, PROMIS MH, or Neuro-QOL.
Higher scores on the PROMIS reflected better outcomes for
HRQOL, whereas higher scores on the Neuro-QOL reflected
worse outcomes for HRQOL. More specifically, individuals
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Table 1. Demographic Characteristics of College Students With
or Without a Concussion History?

Concussion History

Yes No
Variable (n=76) (n=176) P Value
Age, mean = SD, y 20+ 9 208 .80
Gender No. (%) .83
Women 46 (60.5) 109 (61.9)
Men 30 (39.5) 67 (38.1)
Race or ethnicity <.05
Asian 3(3.9) 17 (9.7)

More than 1 race
Non-Hispanic Black or African
American

8(10.5)  7(4.0)

3(3.9)  21(11.9)

Non-Hispanic White 56 (73.7) 104 (59.1)
Other, unknown, or not reported 6 (8.0) 27 (15.3)

Year in school .36
Freshman 9(11.8) 39 (22.2)
Sophomore 23 (30.3) 48 (27.3)

Junior 19 (25.0) 44 (25.0)
Senior 22 (29.0) 39 (22.2)
Fifth-year senior 3(3.9) 5(2.8)

Medical history .05
Depression or anxiety 24 (31.6) 27 (15.3)
Attention-deficit or attention-deficit/

hyperactivity disorder 4 (5.3) 10 (5.7)
Other 9(11.8) 26 (14.8)
No pertinent medical conditions 39 (51.32) 113 (64.2)

Current medications 13
Yes 33 (43.4) 59 (33.5)

No 43 (56.6) 117 (66.5)

Current sport participation .49
Yes 36 (47.4) 75 (42.6)

No 40 (52.6) 101 (57.4)

with a history of concussion had higher odds of scoring higher
on the PROMIS PH (OR = 1.04, 95% CI = 0.43, 2.52) and
the Neuro-QOL (OR = 1.14, 95% CI = 0.66, 1.98) than indi-
viduals without a history of concussion but lower odds of
scoring higher on the PROMIS MH (OR = 0.65, 95% CI =
0.13, 1.98); however, these associations were not significant.
We applied multivariable logistic regression to determine the
association of a history of concussion with PROMIS PH,
PROMIS MH, and Neuro-QOL scores while controlling for

gender and depression or anxiety; nonetheless, the associa-
tions remained insignificant (Table 5).

Quality of Life According to the Number of
Concussions

Participants in the concussion history group were separated
into those who had multiple concussions (n = 41; 61%
women) and those who had 1 concussion (n = 35; 60%
women), as shown in Table 6. No differences were evident
between individuals with a history of multiple concussions
and individuals with 1 concussion, respectively, on the
PROMIS PH (13.0 [12.0-15.0] versus 13.0 [13.0-14.0], P =
.77), PROMIS MH (12.0 [10.0-13.0] versus 12.0 [9.5—
14.0], P =.52), and Neuro-QOL (17.0 [12.0-19.0] ver-
sus 15.0 [11.5-20.0], P =.17).

DISCUSSION

The primary purpose of our study was to compare the
effects of a self-reported concussion history on the physi-
cal and mental components of HRQOL and the emotional
and behavioral dyscontrol domains of HRQOL in college-
aged students. Overall, our hypotheses were not sup-
ported. We found no statistical differences between hav-
ing a history of concussion and not having a history of
concussion on measures of HRQOL and the emotional
and behavioral dyscontrol domains of HRQOL in college-
aged students. Additionally, regarding the effect of con-
cussion history on the outcome measures between demo-
graphic variables such as gender and sport participation, no
differences were identified. Although insignificant, these
findings do contribute to the current gaps in the postcon-
cussion HRQOL literature. Emotional and behavioral dys-
control is a domain of HRQOL that has been little
explored in postconcussion research, and, because our work
included a population that was years removed from their most
recent concussion, we can focus current investigations on
injuries in the acute phase.

Emotional and Behavioral Dyscontrol

To our knowledge, we are the first to examine concus-
sion history and the emotional and behavioral dyscontrol
domains of HRQOL in college-aged participants using the

Table 2. Health-Related Quality of Life Outcomes of College Students With or Without a Concussion History®

Concussion History

Yes No
Outcome Raw Score tScore Raw Score tScore P Value
Patient-Reported Outcome Measures Information
System Global Health, version 1.1
Physical Health 13.0 (9.0) 423+ 4.2 14.0 (12.0) 449 + 43 .24
Women 13.0 (9.0) 423+ 42 14.0 (12.0) 449+ 43 .06
Men 14.0 (5.0) 449 + 43 13.0 (9.0) 423+ 42 .53
Mental Health 12.0 (3.0) 411+ 3.6 12.0 (13.0) 411+ 3.6 .99
Women 11.5(13.0) 411+ 3.6 11.0 (13.0) 411+ 3.6 44
Men 12.0 (10.0) 43.5 + 3.6 12.0 (8.0) 435+ 3.6 .25
Quality of Life in Neurological Disorders Emotional and A7
Behavioral Dyscontrol Short Form
Women 16.0 (20.0) 494 +24 17.0 (25.0) 50.7 + 2.4 .84
Men 16.0 (17.0) 494 +24 14.0 (17.0) 46.7 + 2.4 .25

@ Raw scores are reported as median (range). Converted t scores are reported as general population mean = SE.
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Neuro-QOL Men
Neuro-QOL Women
Neuro-QOL Overall
PROMIS MH Men
PROMIS MH Women
PROMIS MH Overall
PROMIS PH Men
PROMIS PH Women
PROMIS PH Overall
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= No concussion history

Figure.

40 50 60 70 80 90
Average t Score

u Concussion history

Converted t scores for the concussion history group and the no concussion history group. The t scores are reported as the

general US population mean + SE for outcome measurements for college students. Scores > 50 on the Patient-Reported Outcome Mea-
sures Information System (PROMIS) Global Health, version 1.1, indicate better functioning than the general US population in the United
States. Scores >50 on the Quality of Life in Neurological Disorders Emotional and Behavioral Dyscontrol Short Form (Neuro-QOL) indi-
cate worse functioning than the general US population. Abbreviations: MH, Mental Health; PH, Physical Health.

Table 3. Health-Related Quality of Life Outcomes of College Students With or Without a Concussion History in Students Who Currently

Played a Sport*
Concussion History
Yes (n = 36) No (n =75)
Outcome Raw Score t Score Raw Score tScore P Value
Patient-Reported Outcome Measures Information
System Global Health, version 1.1
Physical Health 13.0(9.0) 423 + 4.2 14.0(7.0) 449 +43 .21
Women 13.0 (9.0) 423+42 14.0 (6.0) 449 + 43 .09
Men 13.0 (5.0) 423 + 4.2 14.0(7.0) 449 +43 .95
Mental Health 12.0 (13.0) 435+ 3.6 12.0 (13.0) 435+ 3.6 .98
Women 12.5(9.0) 458 = 3.6 11.0 (13.0) 411+ 3.6 10
Men 11.0 (10.0) 411 = 3.6 12.0 (5.0) 43.5 = 3.6 .09
Quality of Life in Neurological Disorders Emotional and 15.0 (20.0) 481 24 15.0 (22.0) 481 +24 .78
Behavioral Dyscontrol Short Form
Women 15.0 (20.0) 48.1+24 17.0 (22.0) 50.7 + 2.4 24
Men 15.5 (16.0) 48.1 + 2.4 14.0 (15.0) 46.7 + 2.4 12

@ Raw scores are reported as median (range). Converted t scores are

Neuro-QOL. The authors of several systematic reviews>*2°

on the psychological sequalae of concussion have shown
that emotional dysfunction, behavioral problems, impulsiv-
ity, and aggression are among the factors that influence the
incidence and severity of sport-related concussion. Comparing

Table 4. Univariable Logistic Regression Results for Health-
Related Quality of Life Scores in College Students With
a Concussion History

reported as general population mean =+ SE.

our results with those of previous researchers, we expected
that college-aged participants with a history of concussion
would be associated with increased emotional and behav-
ioral dyscontrol. Gornall et al'* investigated behavioral and
emotional difficulties (eg, inability to participate in normal

Table 5. Multivariable Logistic Regression Results for Health-
Related Quality of Life Scores in College Students With a
Concussion History While Controlling for Gender

Odds P Odds P
Qutcome Ratio 95% Cl  Value  Outcome Ratio 95% Cl  Value
Patient-Reported Outcome Measures Patient-Reported Outcome Measures
Information System Global Health, Information System Global Health,
version 1.1 version 1.1
Physical Health 1.03 0.43,2.49 .94 Physical Health 1.04 0.43,2.52 .93

Mental Health 0.65 0.13,322 .60
Quality of Life in Neurological Disorders
Emotional and Behavioral Dyscontrol

Short Form 1.14 0.66,1.98 .64

Mental Health 0.66 0.13,325 .61
Quiality of Life in Neurological Disorders
Emotional and Behavioral Dyscontrol

Short Form 1.16 0.66,2.04 .61
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Table 6. Health-Related Quality of Life Outcomes for College Students With a History of 1 or >1 Concussions®

Concussions
One (n = 35) Multiple (n = 41)
Outcome Raw Score tScore Raw Score tScore P Value
Patient-Reported Outcome Measures Information
System Global Health, version 1.1
Physical Health 13.0 (5.0) 423 +42 13.0 (9.0) 42342 77
Women 13.0 (5.0) 423 +42 13.0 (9.0) 42342 .96
Men 13.5 (4.0) 449 + 43 14.0 (5.0) 449 + 4.3 .58
Mental Health 12.0 (12.0) 435+ 3.6 12.0 (12.0) 435 + 3.6 .52
Women 11.0 (5.0) 41136 12.0 (12.0) 43.5 + 3.6 14
Men 12.0 (10.0) 43.5 + 3.6 11.0 (7.0) 41136 .36
Quality of Life in Neurological Disorders Emotional and 17.0 (19.0) 50.7 = 2.4 15.0 (20.0) 481 +24 A7
Behavioral Dyscontrol Short Form
Women 17.0 (19.0) 50.7 £ 2.4 15.0 (20.0) 48124 41
Men 17.0 (17.0) 50.7 £ 2.4 13.5(15.0) 449 + 43 .23

@ Raw scores are reported as median (range). Converted t scores are reported as general population mean = SE.

activities, such as school, sport, and social settings; irrita-
bility; inattention; and inability to control and express
emotions) in a pediatric population with concussion. They
observed that internalizing, externalizing, and total behav-
ioral problems were worse in the acute phase (ie, 2 weeks
after injury) and were significantly reduced by 3 months
after concussion. These results suggest that pediatric concus-
sion is associated with emotional and behavioral distur-
bances acutely that will likely improve over time. However,
we demonstrated no differences between college-aged par-
ticipants with and those without a history of concussion on
the Neuro-QOL.

The lack of statistical significance in this study might be
a result of age, gender, time since injury, and sport participa-
tion, as we identified no associations of a history of concussion
with the HRQOL measures while controlling for gender and
no differences by sport participation. Greater impulsivity and
risk taking has been linked with adolescence,?’ so as individ-
uals age, they may exert better control of their emotions and
behaviors. Additionally, a person who no longer engages in
sports and does not identify as an athlete may no longer feel
the pressure or stress to fulfill that role, which may result in
HRQOL being unaffected. Individuals also may no longer
experience maladaptive mental health outcomes for such
extended periods of time after injury, as it seems that such
mental health outcomes associated with concussion are most
prevalent in the acute phase or a few months after injury.>***
These preliminary findings suggest that emotional and behav-
ioral dyscontrol may not be relevant to those without a recent
previous concussion but should warrant future examination in
college- aged individuals and athletes currently experiencing a

concussion.?+ 26

Overall HRQOL

Furthermore, we explored how a self-reported concussion
history affected the physical and mental health domains of
HRQOL on the PROMIS Global Health scale. Although ear-
lier authors indicated that a reported history of concussion
might have a negative effect on certain domains of HRQOL,’
others found no significant effects of acute concussion on
HRQOL.'*!* We saw no differences in HRQOL measures
between those with and those without a history of concus-
sion, as both groups scored similarly on the PROMIS PH

and PROMIS MH. Kuehl et al® noted no differences in
other domains of HRQOL, including physical functioning
and mental health, which may be comparable with the physi-
cal and mental health measures of the PROMIS we collected.
Moreover, Williams et al'* observed that self-reported sport-
related concussion was not associated with PROMIS Pediatric-
25 subscale scores (eg, anxiety, depression, fatigue, physical
functioning, and social relationships) on day 3 or day 10 after
injury or at return to play. However, some investigators have
demonstrated negative effects on the psychological
health domains of HRQOL in concussed populations. Main-
waring et al*® determined that collegiate athletes experiencing
mild traumatic brain injury exhibited worse emotional reac-
tions than control groups. Retired National Football League
players with a history of >3 concussions were 3 times more
likely to be diagnosed with depression.” Adolescent athletes
with a history of concussion also displayed worse HRQOL
scores in the psychological health domains. Presently, it
seems that the domains of HRQOL most affected by concus-
sion are social functioning, vitality, and bodily pain,*3%3!
which may encompass aspects of the physical health and
social relationship domains of HRQOL.

Given these findings, the results regarding whether con-
cussion affects the psychological domains of HRQOL have
been mixed. This may be attributed to the type of PRO used
to measure the HRQOL domains. Certain PROs, such as the
Short Form 36 and PROMIS, are global health measures,
which are general tools that address a broad scope and several
dimension of HRQOL.*? Yet more specific PROs, such as the
Profile of Mood States used by Mainwaring et al,”® may be
more sensitive to measuring changes in specific outcomes (eg,
psychological health).** Optimal patient care includes evalua-
tion of both generic and specific outcomes to best measure the
disease or condition and dimensions of interest.** In conclu-
sion, we should continue to explore the psychological domain
of HRQOL and focus on determining which patients might be
affected most by this domain, as it has implications for the
assessment and management of concussion.

Clinical Implications

Our results indicate that clinicians need not be concerned
about emotional and behavioral dyscontrol throughout the
recovery process of college-aged individuals who have a
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history of concussion. Although these findings are not consis-
tent with those of several systematic reviews that identified
psychological and emotional concerns after concussion®*2¢ in
other populations (eg, pediatric),'* we are the first to examine
these domains of HRQOL in a collegiate population. There-
fore, clinicians might consider continuing to incorporate
patient-centered care focused on improving HRQOL in
other populations, but in college-aged individuals, further
study is necessary to determine if the emotional and behav-
ioral domains are truly affected. Clinicians can incorporate
HRQOL into their baseline testing to detect preinjury mental
health risk factors (ie, depression and anxiety).** Furthermore,
measuring HRQOL during baseline testing and at the postin-
jury assessments enables clinicians to make referrals to other
health care professionals (ie, sport psychologists) and imple-
ment more individualized treatment and rehabilitation proto-
cols after a concussion.

Limitations and Future Research

The current study was not without limitations. First, a larger
sample size would have provided greater power for the statisti-
cal analyses. Second, our findings are limited to college-
aged individuals, and, thus, the results should not be general-
ized to other populations. Additionally, our population was
not entirely “athletic,” and it would be beneficial to assess
the emotional and behavioral domains of HRQOL specifi-
cally in collegiate athletes. As with most survey-based
research, our data were self-reported, and participants may
not have been fully transparent (ie, underreporting or overre-
porting) or may have misunderstood the questions, which
could have led to bias. For the group with a history of con-
cussion, the substantial time since the most recent concus-
sion (5.29 * 2.77 years) was not factored into the regression
models and could explain the lack of differences between
groups. We did not inquire about psychological or mental
health services received after their most recent concussion,
which might have altered the reporting of HRQOL as well.
Therefore, future researchers of HRQOL in college students
should explore the influence of a more recent concussion his-
tory (within 1 to 2 years) on the emotional and behavioral dys-
control domains, along with any HRQOL-specific treatment or
services that have been received. Future authors should con-
tinue to evaluate specific domains of HRQOL that are affected
by concussion and develop a concussion-specific HRQOL
measure for more targeted assessment and management.

Although reliability and validity data are available for
various versions of the PROMIS and the Neuro-QOL in
populations with brain injuries'® and similar conditions (eg,
epilepsy,** multiple sclerosis*), to our knowledge, no reli-
ability and validity data exist for the use of the PROMIS
Global Health, version 1.1, and Neuro-QOL in populations
with concussion. Also, the convergent validity of the PROMIS
Global Health, version 1.1, and Neuro-QOL Emotional and
Behavioral Dyscontrol Short Form has yet to be determined
in populations with concussions or other brain injuries. How-
ever, Fox et al*® found that the PROMIS and another version
of the Neuro-QOL (Neuro-QOL Stigma item bank) displayed
strong and consistent correlations (most P values < .001).
Furthermore, in individuals with epilepsy, the Neuro-QOL
Emotional and Behavioral Dyscontrol Short Form exhibited
high convergent validity with similar HRQOL constructs
(P < .01 for most correlations between related measures).?

Also, Hwang et al®*® identified high convergent validity of the

PROMIS Global Health, version 1.1, with similar HRQOL
constructs (P < .01 for all correlations). Future investigators
might consider addressing the psychometric properties and
convergent validity of the PROMIS Global Health, ver-
sion 1.1, and Neuro-QOL specifically in populations with
concussion.

CONCLUSIONS

We studied how a self-reported concussion history affected
HRQOL and, more specifically, the emotional and behavioral
dyscontrol associated with the psychological domain of
HRQOL in college students. Our findings suggested that
the emotional and behavioral dyscontrol domains were
not influenced by a concussion history in a college-aged
population. Although these results were insignificant, we
were the first to measure these domains of HRQOL in a
population other than pediatric individuals and our work
therefore contributes to the understanding of the effect of
a history of concussion on HRQOL in different populations.
Future researchers should continue to assess the HRQOL
domains most affected by concussion as well as the influence
of prior mental health conditions and behavioral dysfunction
on a subsequent injury. This information will further advise
clinicians of the most appropriate patient-centered care to
prescribe after concussion.
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