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Presence of Persistent Parent Reported Emotional
and Behavioral-Related Concussion Symptoms
Is Associated with Lower Health-Related Quality
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Abstract
Persistent concussion symptoms in adolescents are associated with lower health-related quality of life
(HRQOL). The association between persistent emotional and behavioral-related concussion symptoms
(EBS) and HRQOL is unknown, however. This study was a prospective cohort of adolescent athletes present-
ing to a concussion clinic within three days post-concussion and completing a one-month follow-up. The
independent variable in these analyses was parent reported EBS symptom presence grouped as: (1) no EBS;
(2) EBS present at pre-concussion levels; and (3) EBS worse than pre-concussion. The EBS included the fol-
lowing concussion symptoms: feeling irritable, depressed, frustrated/impatient, restless, reduced tolerance
to stress/emotion, poor concentration, and fear of permanent symptoms. Dependent variables were parent
reported psychosocial, physical, and total HRQOL. Separate multi-variable linear regression models control-
ling for age, sex, and concussion history were used to assess the association between EBS and HRQOL. Esti-
mated adjusted mean differences (MD) and 95% confidence intervals (CI) were used to assess associations;
MDs with a 95%CI excluding 0.0 were considered statistically significant. Overall, n = 245 presented to the
study clinic three days post-concussion and completed the one-month follow-up (Mage = 14.28 – 2.09 years,
59.02% male, 90.64% Caucasian, 31.84% with concussion history). At one-month post-concussion, adoles-
cents with pre-concussion EBS levels had significantly lower psychosocial, physical, and total HRQOL than
those with no EBS. In addition, those with EBS worse than pre-concussion had significantly lower psycho-
social, physical, and total HRQOL than those with no EBS and EBS at pre-concussion levels. These findings
highlight the importance of HRQOL assessments and that targeted interventions may be needed for those
with EBS at one-month post-concussion to improve HRQOL.
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Introduction
Between one and two million youth and adolescents in

the United States incur a sport- or recreation-related con-

cussion (SRC) each year.1 Concussion results in physical

impairments (headache, nausea, balance) and psycholog-

ical changes (increased irritability, anxiety, depression),

all of which greatly impact an individual’s health-related

quality of life (HRQOL).2–4 After a SRC, adolescent ath-

letes experience increased concussion symptoms, lower

academic performance, and a longer recovery compared

with adult athletes.5,6

In adolescents, prolonged SRC recovery and the pres-

ence of overall persistent concussion symptoms (defined

as symptom expression beyond the typical recovery time-

frame of four weeks for youth and adolescents, com-

monly measured via the Rivermead Post-Concussion

Symptoms Questionnaire [RPQ])2 is associated with lower

HRQOL.7,8 Specifically, at 30 days post-concussion, ado-

lescents demonstrate an association between increased

concussion symptom severity and lower physical and psy-

chosocial HRQOL measured via the Pediatric Quality of

Life Inventory (PedsQL�).9

Persistent concussion symptoms are also associated

with continued psychological deficits10,11 that cause those

impacted to miss school,12 sport,13 and have less societal

engagement14—all of which present an added physical

and mental burden to athletes, leading to long-term de-

creased HRQOL.

Emotional and behavioral concussion-related symp-

toms (EBS) such as irritability, depression, anxiety, and

frustration are identified as clinical domains that may

present after an individual incurs a concussion.2 Previous

research also identifies pre-injury history of mental health

problems, specifically anxiety and depression, as poten-

tial predictors for a longer recovery by experiencing per-

sistent concussion symptoms.15–17 As such, to improve

overall concussion outcomes, it is crucial to understand

the association between EBS at baseline and post-injury

levels and HRQOL.

Despite the evidence connecting psychological defi-

cits, symptom severity, and HRQOL, the association

between specific domains of persistent concussion symp-

toms (i.e., somatic, cognitive, and emotional/behavioral)

and HRQOL is largely unknown. This information is es-

sential to inform impactful interventions. Therefore, this

study aimed to identify the association between persistent

EBS (specifically identifying those with no EBS; EBS

present, but at pre-concussion levels; and EBS worse

than pre-concussion) and HRQOL at one-month post-

concussion in adolescent athletes.

We hypothesized that presence of both pre-concussion

and post-concussion persistent EBS would be associated

with decreased HRQOL at one-month post-concussion.

Our analyses utilized the RPQ and PedsQL�, common

measures for concussion symptoms and HRQOL in ado-

lescents post-concussion, and controlled for concussion

history, age, and sex; all of which impact HRQOL and

concussion symptom reporting.18–23 Understanding this

association will build on current literature and provide

clinicians with tools to identify patients who may require

psychological-specific rehabilitation.

Methods
This study included a prospective cohort of adolescent

athletes (aged 8–18) who presented to a concussion clinic

within three days of a SRC and completed a one-month

follow-up visit. All participants were enrolled at the

initial visit. Institutional Review Board approval was

obtained for the study, and all participants completed in-

formed consent (parental consent and child assent where

relevant). Inclusion criteria were: (1) aged 8–18; (2) sus-

tained a head injury during sports activity; (3) presented

to the study site within 72 h of injury; (4) minor assent

and parent/legal guardian consent (where appropriate);

and (5) completed the one-month study follow-up.

Patients were excluded for penetrating skull injury,

focal neurologic deficits, developmental delay, pre-

existing neurologic disorders (e.g., seizure disorder), ven-

tricular shunts, bleeding disorders, evidence of substance

abuse, incomplete head injury module forms, and/or in-

complete one-month follow-up.

Parents/guardians and participants together reported

demographic information that was completed at the ini-

tial study visit. Parents reported persistent concussion

symptoms and HRQOL collected at the one-month post-

SRC time point.

At the one-month follow-up visit, parent-reported per-

sistent concussion symptoms were assessed using the

RPQ, a reliable, valid questionnaire with 18 items used

to assess persistent concussion symptoms in youth and

adolescent populations.24,25 Importantly, research sug-

gests a moderate-to-strong agreement between child

and parent concussion symptom reporting.26 The parent

reported RPQ asked parents to rate 18 symptoms on

presence and severity (scale = 0–4) compared with be-

fore their child’s injury.

Persistent EBS included the following symptoms

on the RPQ: feeling irritable/easily angered, feeling

depressed/tearful, feeling frustrated/impatient, restless-

ness, reduced tolerance to stress or emotional excitement,

poor concentration, and fear of permanent symptoms/brain

damage. Classification of EBS used in these analyses was

based on the most up-to-date SRC statements released by

the American Academy of Pediatrics5 and the Concussion

in Sport Group2 as well as current literature surrounding

EBS.15,27,28 Symptoms on the RPQ are scored as follows:

severity level of 0 indicating no presence; severity level of

1 indicating symptom presence at the same level as pre-

concussion; and severity level of 2+ indicating that the symp-

tom’s presence is worse than before the concussion.24–26
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The independent variable in these analyses included

three groups consisting of those with: (1) no parent

reported EBS (i.e., reported 0 for all EBS symptoms);

(2) the parent reported presence of at least one EBS at

pre-concussion levels (i.e., EBS same as before the con-

cussion, at least one EBS symptom rated 1 and none rated

as 2+); and (3) the parent reported presence of at least one

EBS worse than pre-concussion (i.e., at least one EBS

symptom rated 2+).

Parent reported HRQOL was assessed using the PedsQ

Version 4.0 Parent Report, a validated, comprehensive

scale used to measure HRQOL in children and adoles-

cents. The PedsQ Version 4.0 Parent Report includes

one version for ages 8–12 and another for ages 13–18.

Both versions are essentially identical, containing the

same number of questions, response scales, and question

types but adjust verbiage to reflect developmentally ap-

propriate verbiage. As such, in accordance with

PedsQL� guidance and current literature, the data were

combined in these outcomes.29,30

The PedsQL� has been used in children and adoles-

cents with traumatic brain injury31 and concussion.3

Parent proxy was utilized for feasibility and pragmatic

purposes given parents make care decisions for their chil-

dren in this age range. Previous work also suggests par-

ent proxy is reliable when compared with child report32

and, thus, was used in this study.

The PedsQL� includes questions on a 5-point scale

(never to almost always) related to physical, psychoso-

cial, emotional, social, and school functioning. These

analyses utilized the psychosocial and physical health

summary scores as well as the total score. Scores on

the PedsQL� range from 0–100, with higher scores

closer to 100 indicating better HRQOL. To calculate

scores on the 0–100 scale, responses were transposed to

the following: never = 100, almost never = 75, some-

times = 50, often = 25, and almost always = 0.

Using the transposed scores, the psychosocial health

summary score was calculated as the mean of items in

the emotional, social, and school functioning subscales

(15 items); the physical health summary score was calcu-

lated as the mean of items in the physical functioning

subscale (eight items); and the total score is the mean

of all items (23 items). It should be noted that, because

the majority of the PedsQL� items being related to psy-

chosocial health, there is a large overlap of items in-

cluded in the psychosocial health summary score and

total score. Dependent variables included the psychoso-

cial, physical, and total scores. The HRQOL was reported

at one-month post-concussion.

Descriptive statistics were computed for all variables

and outcomes of interest. Means and standard deviations

(SD) were computed for age, grade level in school, total

EBS, and HRQOL (psychosocial, physical, and total).

Frequencies and proportions were computed for sex

(female/male), race (Caucasian/non-Caucasian), concus-

sion history (yes/no), psychological/psychiatric disorder

history (yes/no), attention-deficit disorder/attention-defi-

cit/hyperactivity disorder (ADD/ADHD) history

(yes/no), and presence of EBS (yes/no).

Separate multi-variable linear regression models were

used to assess the association between parent reported

persistent EBS (no EBS, EBS at pre-concussion levels,

and EBS worse than pre-concussion) and HRQOL at

one-month post-concussion (psychosocial, physical, and

total scores). All analyses controlled for concussion

history, age, and sex, all of which impact HRQOL and

concussion symptom reporting.18–23 Estimated adjusted

mean differences (MD) and 95% confidence intervals

(CI) were used to assess associations; MDs with 95%

CI excluding 0.0 were considered statistically significant.

Results
A total of N = 332 adolescents presented to the ini-

tial visit with an SRC; n = 245 (73.80%) completed the

one-month follow-up (Mage = 14.28 – 2.09 years, 59.02%

male, 90.64% Caucasian, 31.84% with a concussion his-

tory, 7.02% with a psychological/psychiatric disorder

history, and 11.84% with an ADD/ADHD history) and

were included in the current study. Complete demo-

graphic information is reported in Table 1.

Table 1. Demographic Information for Adolescent Athletes

n Mean – SD

Agea 240 14.28 – 2.09

n n (%)

Sex
Male 244 144 (59.02)
Female 100 (40.98)

Race
Caucasian 203 184 (90.64)
Non-Caucasian 19 (9.36)

Concussion history
Yes 245 78 (31.84)
No 167 (68.16)

Psychological disorder history
Yes 242 17 (7.02)
No 225 (92.98)

ADD/ADHD history
Yes 245 29 (11.84)
No 216 (88.16)

Presence of EBS
Yes, worse EBS 235 64 (27.23)
Yes, pre-concussion EBS 71 (30.21)
No 100 (42.55)

SD, standard deviation; ADD, attention-deficit disorder; ADHD, attention-
deficit/hyperactivity disorder; EBS, emotional behavioral-related persistent
concussion symptoms.

aAge ranged from 8–18.
Total sample percentages are based on those with reported demographic

data for each variable. Missing data were as follows: age n = 5; sex n = 1;
race n = 42; concussion history n = 0; psychological disorder history n = 3;
ADD/ADHD history n = 0; and presence of EBS n = 10.
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Overall, n = 100 (42.55%) adolescent athletes had no

parent reported EBS, n = 71 (30.21%) had parent reported

EBS at pre-concussion levels, and n = 64 (27.23%)

had parent reported EBS at worse than pre-concussion

(Table 1). The HRQOL MDs and SDs by groups

(no EBS, EBS at pre-concussion levels, and EBS worse

than pre-concussion) are reported in Table 2. Parent

reported presence for each EBS symptom is outlined in

Table 3.

Of those who completed the one-month follow-up,

n = 223 provided all data needed for the primary out-

comes linear regression analyses. At one-month post-

concussion, the presence of parent reported persistent

EBS was significantly associated with psychosocial,

physical, and total HRQOL. Specifically, those with

EBS at pre-concussion levels had significantly lower psy-

chosocial (adjusted MD = -7.90, 95% CI = -11.55, -4.24),

physical (adjusted MD = -8.44, 95% CI = -13.32, -3.57),

and total HRQOL (adjusted MD = -8.60, 95% CI = -11.80,

-4.33) compared with those with no EBS (Table 4).

Those with EBS worse than pre-concussion had

significantly lower psychosocial (adjusted MD = -14.81,

95% CI = -18.84, -10.79), physical (adjusted MD =
-12.59, 95% CI = -17.94, -7.23), and total HRQOL (ad-

justed MD = -14.04, 95% CI = -18.14, -9.93) compared

with those with EBS at pre-concussion levels (Table 4).

Those with EBS worse than pre-concussion had sig-

nificantly lower psychosocial (adjusted MD = -22.71,

95% CI = -26.49, -18.93), physical (adjusted MD =
-21.03, 95% CI = -26.07, -15.99), and total HRQOL (ad-

justed MD = -22.10, 95% CI = -25.96, -18.23) compared

with those with no EBS (Table 4).

Discussion
This study aimed to identify the association between pres-

ence of EBS and HRQOL at one-month post-concussion

in adolescent athletes. Findings indicate that the presence

of persistent EBS is associated with decreased psychoso-

cial, physical, and total HRQOL in adolescent athletes

with EBS at pre-concussion levels and in those with

EBS worse than before injury. Further, significantly

lower scores were seen in adolescents with EBS worse

than pre-concussion.

Adolescents with EBS at pre-concussion levels had

significantly worse psychosocial (MD = -7.90), physi-

cal (MD = -8.44), and total HRQOL (MD = -8.06) than

those with no EBS. These findings identify that those at

one month who report EBS symptoms at pre-concussion

levels report significantly lower HRQOL one-month

post-concussion compared with those with no EBS, high-

lighting the importance of including pre-season mental

health screening as a part of an athlete’s concussion test-

ing. Research suggests pre-injury history of mental health

problems, specifically anxiety and depression, as a poten-

tial predictor for a longer recovery by experiencing per-

sistent concussion symptoms,15–17 furthering the notion

that pre-injury intervention and assessment may improve

post-injury outcomes.

Table 2. Means and Standard Deviations for Health-Related
Quality of Life for Adolescent Athletes with No
Emotional and Behavioral-Related Symptoms, Emotional
and Behavioral-Related Symptoms at Pre-Concussion Levels,
and Emotional and Behavioral-Related Symptoms Worse
than Pre-Concussion

Pre-concussion EBS

No EBS Mean – SD Worse EBS

Psychosocial HRQOLa 91.68 – 10.53 83.27 – 11.04 68.19 – 14.21
Physical HRQOLa 91.74 – 11.55 82.78 – 17.57 70.21 – 19.84
Total HRQOLa 91.69 – 10.13 83.11 – 12.21 69.19 – 14.76

EBS, emotional behavioral-related persistent concussion symptoms;
SD, = standard deviation; HRQOL, health-related quality of life.

aPsychosocial, physical, and total HRQOL ranged from 0–100.

Table 3. Parent-Reported Presence of Individual Emotional
and Behavioral-Related Concussion Symptoms
in the Total Sample

Symptom
Number who

reported n (%)

Poor concentration
Presence worse than pre-concussion 34 (14.41)
Present pre-concussion 236 56 (23.73)
No presence 146 (61.86)

Feeling depressed/tearful
Presence worse than pre-concussion 16 (6.81)
Present pre-concussion 235 43 (18.30)
No presence 176 (74.89)

Fear of permanent symptoms/brain damage
Presence worse than pre-concussion 21 (8.94)
Present pre-concussion 235 26 (11.06)
No presence 188 (80.00)

Feeling frustrated/impatient
Presence worse than pre-concussion 41 (17.37)
Present pre-concussion 236 56 (23.73)
No presence 139 (58.90)

Feeling irritable/easily angered
Presence worse than pre-concussion 40 (17.02)
Present pre-concussion 235 55 (23.40)
No presence 140 (59.58)

Restlessness
Presence worse than pre-concussion 17 (7.27)
Present pre-concussion 234 22 (9.40)
No presence 195 (83.33)

Reduced tolerance to stress/emotional
excitement
Presence worse than pre-concussion 28 (11.97)
Present pre-concussion 234 44 (18.80)
No presence 162 (69.23)

Total sample percentages are based on those with reported emotional
behavioral-related persistent concussion symptoms data. Missing data
were as follows: poor concentration n = 9; feeling depressed/tearful
n = 10; fear of permanent symptoms/brain damage n = 10; feeling frustrated/
impatient n = 9; feeling irritable/easily angered n = 10; restlessness n = 11;
reduced tolerance to stress/emotional excitement n = 11.

No presence is symptom rated 0 on the Rivermead Postconcussion Ques-
tionnaire (RPQ), present pre-concussion is symptom rated 1 on the RPQ,
and presence worse than pre-concussion is symptom rated 2+ on the RPQ.24

PSYCHOSOCIAL CONCUSSION SYMPTOMS AND HRQOL 1217
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Despite this evidence, there is limited guidance for a

detailed pre-season, baseline assessment for psychosocial

concussion-related disturbances.5 It is suggested to obtain

pre-existing conditions such as ADHD, depression, anx-

iety, and learning disabilities during the acute assessment

phase5—a protocol that may be impacted by recall bias

and may fail to capture those who have not received a for-

mal diagnosis of a mental health disorder but neverthe-

less experience related symptoms.

Our data suggest that to identify those who may expe-

rience lower HRQOL post-concussion, tracking mental

health symptom expression from the pre-season time

point throughout the concussion recovery timeline may

be beneficial. Specifically, our results indicate the need

for a comprehensive baseline HRQOL measure, in addi-

tion to using that measure post-concussion and through-

out recovery. Measuring HRQOL pre-season will provide

clinicians and coaches with information necessary to

identify athletes at risk for impaired HRQOL before

and after a concussion.

Further, a comprehensive HRQOL measure may allow

clinicians and coaches to refer athletes for individualized,

targeted rehabilitations, such as psychosocial techniques

including psychotherapy,33 mindfulness meditation,34

and/or yoga34 that are positively impactful for HRQOL

in those with and without concussion.33–37 Overall, clini-

cians should work to embed pre-existing mental health

conditions and/or mental health symptom reports into

an athlete’s pre-season sports physical (a protocol re-

quired by most youth and adolescent level athletics).

Our findings build on previous work indicating the

specific presence of EBS persistently post-concussion

(i.e., those with EBS worse than before injury) is associ-

ated with lower HRQOL at one month after injury

not just compared with those with no symptoms (psy-

chosocial MD = -22.71, physical MD = -21.03, and total

MD = -22.10), but also compared with those with symp-

toms similar to pre-concussion levels (psychosocial MD =
-14.81, physical MD = -12.59, and total MD = -14.04).9,38,39

Previous research among adolescents suggests in-

creased overall concussion symptom severity was associ-

ated with lower HRQOL 30 days post-concussion.9 In

addition, increased behavioral symptoms were associ-

ated with lower satisfaction of life post-concussion.39 In

adults with persistent concussion symptoms, increased

depression, anxiety, and fatigue levels were predictors

of lower HRQOL.38 Our work builds on these current

findings by: (1) identifying EBS expression using a com-

monly used concussion symptom scale, making findings

directly translatable to clinicians; and (2) expanding the

association between HRQOL and psychological concus-

sion outcomes to adolescent athletes.

In addition, similar to previous literature, not all

adolescents in the current study experienced EBS after

concussion. Specifically, 42.55% did not report any pres-

ence of EBS, and the smallest proportion of adoles-

cents reported EBS worse than before their concussion

(27.23%). These findings highlight that many individuals

do not have these prolonged symptoms; however, for

those who do, they support the need for future research

aimed to identify patients who report EBS post-injury

and future interventions designed to improve their HRQOL

post-concussion.

Concussion results in physical impairments and psy-

chological changes, both of which impact one’s quality

of life.2 In addition, persistent concussion symptoms

present athletes with continued psychological deficits10,11

placing students out of school12 and athletes out of

sport13 longer than those without persistent symptoms.

This time lost greatly impacts adolescents as they are

developing as students in the classroom and athletes

in sports. Further, social engagement at the adolescent

level frequently occurs in the classroom and during

team sports. Missing time in school and sport could

lead to decreased engagement with friends, impacting so-

cietal engagement and overall quality of life. Results

from the current study provide evidence supporting the

assessment of EBS pre- and post-concussion, informa-

tion necessary to identify patients who may benefit from

psychosocial-focused interventions.

When reviewing our results with published literature

concerning normative values for HRQOL in adolescent

athletes (Table 5),40 our data in the no parent-reported

EBS group were similar to the normal range for healthy

individuals. Those with at least one parent-reported EBS

at pre-concussion levels, however, had scores slightly

below the normative range. Further, scores for adolescents

Table 4. Adjusted Mean Differences and 95% Confidence
Intervals Assessing Association of Emotional
and Behavioral-Related Persistent Concussion Symptoms
and Health-Related Quality of Life One Month
Post-Concussion in Adolescent Athletes

HRQOL Outcomes
Adjusted

MDa 95% CI

Psychosocial HRQOL
Pre-concussion EBS vs. no EBS -7.90 -11.55, -4.24*
Worse EBS vs. pre-concussion EBS -14.81 -18.84, -10.79*
Worse EBS vs. no EBS -22.71 -26.49, -18.93*

Physical HRQOL
Pre-concussion EBS vs. no EBS -8.44 -13.32, -3.57*
Worse EBS vs. pre-concussion EBS -12.59 -17.94, -7.23*
Worse EBS vs. no EBS -21.03 -26.07, -15.99*

Total HRQOL
Pre-concussion EBS vs. no EBS -8.06 -11.80, -4.33*
Worse EBS vs. pre-concussion EBS -14.04 -18.14, -9.93*
Worse EBS vs. no EBS -22.10 -25.96, -18.23*

HRQOL, Health-related quality of life; MD, mean difference; CI, confi-
dence interval; EBS, emotional behavioral-related persistent concussion
symptoms.

*MD was statistically significant (excluded 0.00 in 95% CI).
All models utilized n = 233 adolescent athletes with all data needed for

the primary outcomes’ linear regression analyses. All models controlled
for age, sex, and concussion history.

1218 CALLAHAN ET AL.
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with at least one parent-reported EBS worse than pre-

concussion appear below the normative range. While

we did not statistically compare these values, our find-

ings, in conjunction with this previous literature, high-

light those with more significant EBS symptoms have

lower HRQOL at one-month post-concussion.

Limitations and future directions
This study included adolescent athletes from three con-

cussion clinics located in the same geographical region,

potentially limiting generalizability beyond the region.

The study sample was 90.64% Caucasian, a racial propor-

tion not representative of all adolescent athletes. Future

research should aim to include more geographic regions

and diversify cultural and racial representation within

the study sample.

All data used for these analyses were parent reported.

As noted, research suggests a moderate-to-strong agree-

ment between child and parent concussion symptom

reporting15 and parent proxy HRQOL.32 Future research

should aim to determine the association between athlete

reported EBS and HRQOL, specifically in older ado-

lescents who may be more able to accurately report.

Although the RPQ asked parents to report symptoms

compared with before their child’s injury, future research

should aim to compare EBS expression and HRQOL

reported post-injury to an adolescent’s baseline measures

to provide more evidence for the impact concussion has

on the association between variables

There was slight overlap between questions related

to HRQOL and emotional and behavioral-related con-

cussion symptoms, indicating a potential confounder in

the association between the measures. Specific overlap

with the measures used in this study (RPQ for concus-

sion symptoms and PedsQL� for HRQOL) include ques-

tions related to feeling depressed, impatience, restlessness,

and poor concentration. Despite this overlap, results

still indicated a significant difference in mean psychoso-

cial, physical, and total HRQOL. As such, the large dif-

ference in group means allows us to believe the overlap

between measures did not impact results.

Further, our findings are beneficial to clinicians, spe-

cifically those who are unable to include a full HRQOL

scale as a part of their concussion protocol, because

they provide insight into when HRQOL-focused inter-

vention is necessary utilizing only a concussion symptom

scale. Future research should aim to compare EBS and

HRQOL beyond one month post-injury to understand

longer term relationships between the post-injury out-

comes.

Conclusion
Findings from this study emphasize the importance of

assessing mental health and HRQOL outcomes at pre-

season and across the concussion recovery timeline.

Utilizing these findings both in those with acute or

persistent symptoms could improve clinical tools to iden-

tify those who may experience decreased HRQOL post-

concussion, decreasing short and long-term debilitation

after injury.
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2. McCrory, P., Meeuwisse, W., Dvořák, J., Aubry, M., Bailes, J., Broglio, S.,
Cantu, R.C., Cassidy, D., Echemendia, R.J., Castellani, R.J., Davis, G.A.,
Ellenbogen, R., Emery, C., Engebresten, L., Feddermann-Demont, N.,
Giza, C.C., Guskiewicz, K.M., Herring, S., Iverson, G.L., Johnston, K.M.,
Kissick, J., Kutcher, J., Leddy, J.J., Maddocks, D., Makdissi, M., Manley,
G.T., McCrea, M., Meehan, W.P., Nagahiro, S., Patricios, J., Putukian, M.,
Schneider, K.J., Sills, A., Tator, C.H., Turner, M., and Vos, P.E. (2017).
Consensus statement on concussion in sport—the 5th international
conference on concussion in sport held in Berlin, October 2016. Br. J.
Sports Med. 51, 838–847.

3. McGuine, T.A., Pfaller, A., Kliethermes, S., Schwarz, A., Hetzel, S., Hammer,
E., and Broglio, S. (2019). The effect of sport-related concussion injuries
on concussion symptoms and health-related quality of life in male and
female adolescent athletes: a prospective study. Am. J. Sports Med. 47,
3514–3520.

4. Van der Vlegel, M., Polinder, S., Toet, H., Panneman, M.J.M., and Haagsma,
J.A. (2021). Prevalence of post-concussion-like symptoms in the general
injury population and the association with health-related quality of life,
health care use, and return to work. J. Clin. Med. 10, 806.

5. Halstead, M.E., Walter, K.D., Moffatt, K., and Council on Sports Medicine
and Fitness. (2018). Sport-related concussion in children and adoles-
cents. Pediatrics 142, e20183074.

6. Zuckerman, S., Lee, Y., Odom, M., Solomon, G., Forbes, J.A., and Sills, A.K.
(2012). Recovery from sports-related concussion: days to return to
neurocognitive baseline in adolescents versus young adults. Surg.
Neurol. Int. 3, 130.

7. Valovich Mcleod, T.C., Bay, R.C., Lam, K.C., and Snyder Valier, A.R. (2019).
The association between length of recovery following sport-related
concussion and generic and specific health-related quality of life in
adolescent athletes: a prospective, longitudinal study. J. Head Trauma
Rehabil. 34, E1–E9.

8. Novak, Z., Aglipay, M., Barrowman, N., Yeates, K.O., Beauchamp, M.H.,
Gravel, J., Freedman, S.B., Gagnon, I., Gioia, G., Boutis, K., Burns, E.,
Ledoux, A., Osmond, M.H., Zemek, R.L., and Pediatric Emergency

Research Canada Predicting Persistent Postconcussive Problems in
Pediatrics (PERC 5P) Concussion Team. (2016). Association of persistent
postconcussion symptoms with pediatric quality of life. JAMA Pediatr.
170, e162900.

9. Howell, D.R., Wilson, J.C., Kirkwood, M.W., and Grubenhoff, J.A. (2019).
Quality of life and symptom burden 1 month after concussion in chil-
dren and adolescents. Clin. Pediatr. (Phila) 58, 42–49.

10. Ellis, M.J., Ritchie, L.J., Koltek, M., Hosian, S., Cordingley, D., Chu, S., Selci, E.,
Leiter, J., and Russel, K. (2015). Psychiatric outcomes after pediatric
sports-related concussion. J. Neurosurg. Pediatr. 16, 709–718.

11. Yang, J., Peek-Asa, C., Covassin, T., and Torner, J.C. (2015). Post-concussion
symptoms of depression and anxiety in division I college athletes. Dev.
Neuropsychol. 40, 18–23.

12. Rozbacher, A., Selci, E., Leiter, J., Ellis, M., and Russell, K. (2017). The effect
of concussion or mild traumatic brain injury on school grades, national
examination scores, and school attendance: a systematic review. J.
Neurotrauma 34, 2195–2203.

13. Wennberg, R.A., and Tator, C.H. (2008). Concussion incidence and time
lost from play in the NHL in the past ten years. Can. J. Neurol. Sci. 35,
647–651.

14. Theadom, A., Starkey, N., Barker-Collo, S., Jones, K., Ameratunga, S., Feigin,
V., and BIONIC4you Research Group. (2018). Population-based cohort
study of the impacts of mild traumatic brain injury in adults four years
post-injury. PLOS One 13, e0191655.

15. Iverson, G.L., Gardner, A.J., Terry, D.P., Ponsford, J.L., Sills, A.K.,
Broshek, D.K., and Solomon, G.S. (2017). Predictors of clinical recovery
from concussion: A systematic review. Br. J. Sports Med. 51, 941–
948.

16. Booker, J., Sinha, S., Choudhari, K., Dawson, J., and Singh, R. (2019).
Description of the predictors of persistent post-concussion symptoms
and disability after mild traumatic brain injury: the SHEFBIT cohort. Br. J.
Neurosurg. 33, 367–375.

17. Varner, C., Thompson, C., de Wit, K., Borgundvaag, B., Houston, R., and
McLeod, S. (2021). Predictors of persistent concussion symptoms in
adults with acute mild traumatic brain injury presenting to the emer-
gency department. CJEM 23, 365–373.

18. Blake, A.L., McVicar, C.L., Retino, M., Hall, E.E., and Ketcham, C.J. (2019).
Concussion history influences sleep disturbances, symptoms, and
quality of life in collegiate student-athletes. Sleep Health 5, 72–77.

19. Chrisman, S.P.D., and Richardson, L.P. (2014). Prevalence of diagnosed
depression in adolescents with history of concussion. J. Adolesc. Health
54, 582–586.

20. Knell, G., Burkhart, S.O., Caze, T.J., Polousky, J.D., Kohl, H.W., and Messiah,
S.E. (2020). Association between concussion history and factors relating
to cognitive, behavioral, and emotional, health among American high
school athletes: a cross-sectional analysis. Am. J. Sports Med. 48, 2534–
2543.

21. Thompson, H.J., Rivara, F.P., and Wang, J. (2020). Effect of age on longi-
tudinal changes in symptoms, function, and outcome in the first year
following mild-moderate traumatic brain injury. J. Neurosci. Nurs. 52,
46–52.

22. Bunt, S.C., Didehbani, N., Tarkenton, T., Rossetti, H., Hicks, C., Vargas, B.,
Silver, C., Nakonezny, P., Bell, K., Batjer, H., and Munro Cullum C. (2021).
Sex differences and reporting of SCAT-5 concussion symptoms in ad-
olescent athletes. Clin. J. Sport Med. 31, e229–e234.

23. Clair, R., Levin Allen, S., Goodman, A., and McCloskey, G. (2020). Gender
differences in quality of life and symptom expression during recovery
from concussion. Appl. Neuropsychol. Child 9, 206–214.

24. King, N.S., Crawford, S., Wenden, F.J., Moss, N.E., and Wade, D.T. (1995).
The Rivermead Post Concussion Symptoms Questionnaire: a measure
of symptoms commonly experienced after head injury and its reliabil-
ity. J. Neurol. 242, 587–592.

25. Starkey, N.J., Jones, K., Case, R., Theadom, A., Barker-Collo, S., and Feigin V.
(2018). Post-concussive symptoms after a mild traumatic brain injury
during childhood and adolescence. Brain Inj. 32, 617–626.

26. Liu, R., and Hicks, S.D. (2021). Discrepancies in child and parent reporting
of concussion symptoms. Brain Inj. 35, 675–681.

27. Gornall, A., Takagi, M., Clarke, C., Babl, F.E., Davis, G.A., Dunne, K., Ander-
son, N., Hearps, S.J., Demaneuf, T., Rausa, V., and Anderson, V. (2020).
Behavioral and emotional difficulties after pediatric concussion. J.
Neurotrauma 37, 163–169.

28. Broshek, D.K., De Marco, A.P., and Freeman, J.R. (2015). A review of post-
concussion syndrome and psychological factors associated with con-
cussion. Brain Inj. 29, 228–237.

29. Varni, J.W., Limbers, C.A., and Burwinkle, T.M. (2007). Parent proxy-report
of their children’s health-related quality of life: an analysis of 13,878

1220 CALLAHAN ET AL.

D
ow

nl
oa

de
d 

by
 D

uk
e 

U
ni

ve
rs

ity
 S

ch
oo

l o
f 

M
ed

ic
in

e 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
1/

12
/2

3.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



parents’ reliability and validity across age subgroups using the PedsQL
4.0 Generic Core Scales. Health Qual. Life Outcomes 5, 2.

30. Reinfjell, T., Diseth, T.H., Veenstra, M., and Vikan, A. (2006). Measuring
health-related quality of life in young adolescents: reliability and val-
idity in the Norwegian version of the Pediatric Quality of Life Inventory
4.0 (PedsQL) generic core scalès. Health Qual. Life Outcomes 4, 61.

31. McCarthy, M.L., MacKenzie, E.J., Durbin, D.R., Aitken, M.E., Jaffe, K.M.,
Paidas, C.N., Slomine, B.S., Dorsch, A.A., Berk, R.A., Christensen, J.R., Ding,
R., and CHAT Study Group. (2005). The Pediatric Quality of Life Inven-
tory: an evaluation of its reliability and validity for children with trau-
matic brain injury. Arch. Phys. Med. Rehabil. 86, 1901–1909.

32. Varni, J.W., Limbers, C.A., and Burwinkle, T.M. (2007). How can young
children reliably and validly report their health-related quality of life: an
analysis of 8,591 children across age subgroups with PedsQL 4.0
Generic Core Scales. Health Qual. Life Outcomes 5, 1.

33. McCarty, C.A., Zatzick, D.F., Marcynyszyn, L.A, Wang, J., Hilt, R., Jinguji, T.,
Quitiquit, C., Chrisman, S.P.D., and Rivara, F.P. (2021). Effect of collabo-
rative care on persistent postconcussive symptoms in adolescents.
JAMA Netw. Open 4, e210207.

34. Paniccia, M., Knafo, R., Thomas, S., Taha, T., Ladha, A., Thompson, L., and
Reed, N. (2019). Mindfulness-based yoga for youth with persistent
concussion: a pilot study. Am. J. Occup. Ther. 73, 7301205040p11.

35. Kolovos, S., Kleiboer, A., and Cuijpers, P. (2016). Effect of psychotherapy
for depression on quality of life: a meta-analysis. Br. J. Psychiatry 209,
460–468.

36. Khoury, B., Sharma, M., Rush, S.E., and Fournier, C. (2015). Mindfulness-
based stress reduction for health individuals: a meta-analysis. J. Psy-
chosom. Res. 78, 519–528.

37. Sivaramakrishnan, D., Fitzsimons, C., Kelly, P., Ludwig, K., Mutrie, N.,
Saunders, D.H., and Baker, G. (2019). The effects of yoga compared to
active and inactive controls on physical function and health related
quality of life in older adults—systematic review and meta-analysis of
randomized controlled trials. Int. J. Behav. Nutr. Phys. Act. 16, 33.

38. Popov, N., Mercier, L.J., King, R., Fung, T., and Debert, C.T. (2022). Factors
associated with quality of life in adults with persistent post-concussion
symptoms. Can. J. Neurol. Sci. 49, 109–117.

39. Esterov, D., Lennon, R.J., Berquist, T., and Brown, A. (2020). Predictors of
neurobehavioral symptom reporting in a community-based sample
with mild traumatic brain injury. NeuroRehabil. 47, 65–77.

40. Snyder Valier, A.R., Welch Bacon, C.E., Curtis Bay, R., Molzen, E., Lam,
K.C., and Valovich McLeod, T.C. (2017). Reference values for the
Pediatric Quality of Life Inventory and the Multidimensional Fatigue
Scale in adolescent athletes by sport and sex. Am. J. Sports Med. 45,
2723–2729.

PSYCHOSOCIAL CONCUSSION SYMPTOMS AND HRQOL 1221

D
ow

nl
oa

de
d 

by
 D

uk
e 

U
ni

ve
rs

ity
 S

ch
oo

l o
f 

M
ed

ic
in

e 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
1/

12
/2

3.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 


