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Abstract

Background: Sleep disturbances post concussion have been associated with more frequent and severe concussion symptoms
and may contribute to poorer recovery. Cognitive behavioral therapy for insomnia (CBT-I) is an effective treatment for insomnia;
however, it remains unclear if this treatment method is effective in improving sleep outcomes and reducing concomitant
postconcussion symptoms.

Objective: The hypotheses for this study are that (1) CBT-I will improve sleep outcomes and (2) CBT-I will improve concomitant
postconcussion symptoms.

Methods: In total, 40 individuals who are within ≥4 weeks of postconcussion injury and have insomnia symptoms will be
enrolled in this randomized controlled trial. Participants will be randomized into either a group that starts a 6-week CBT-I program
immediately after baseline or a waitlist control group that starts CBT-I following a 6-week waiting period. All participants will
be reassessed 6, 12, and 18 weeks after baseline. Standardized assessments measuring sleep outcomes, postconcussion symptoms,
and mood will be used. Linear regression and t tests will be used for statistical analyses.

Results: Enrollment of 40 participants was completed July 2022, data collection will be completed in November 2022, and
publication of main findings is anticipated in May 2023. It is anticipated that participants experience reduced insomnia symptoms
and postconcussion symptoms following CBT-I and these improvements will be retained for at least 12 weeks. Additionally, we
expect to observe a positive correlation between sleep and postconcussion symptom improvement.

Conclusions: Successful completion of this pilot study will allow for a better understanding of the treatment of insomnia and
postconcussion symptoms in individuals following a concussion.

Trial Registration: ClinicalTrials.gov NCT04885205; https://clinicaltrials.gov/ct2/show/NCT04885205

International Registered Report Identifier (IRRID): DERR1-10.2196/38608

(JMIR Res Protoc 2022;11(9):e38608) doi: 10.2196/38608
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Introduction

Background
Between 1.7 and 3.8 million people in the United States
experience a concussion each year, and the prevalence of
concussions continues to increase [1-3]. A concussion injury
results from a rotational or linear force to the head, neck, or
face, causing injury to the brain [2,4]. Injuries from a concussion
result in a number of symptoms termed postconcussion
symptoms [5], which can be categorized into 4 different
domains: somatic, cognitive functioning, mood regularity, and
sleep dysregulation [5].

Sleep dysregulation is a risk factor for prolonged recovery. One
recent systematic review found that poor sleep was predictive
of poor long-term outcomes in the acute phase of concussion
recovery [6], while another systematic review found that poor
sleep in the chronic phase of recovery was associated with poor
cognitive functioning (executive function and working memory)
and emotional regulation [7]. Currently, it is unknown if
treatment for sleep disturbances in individuals with a concussion
could impact recovery.

The causes of sleep disturbances are multifactorial. Axonal
damage that occurs during the concussion injury can result in
dysregulation of the sleep and arousal centers in the brain
[6,8-11]. Furthermore, medication use, new onset or increase
in anxiety or depression, or a change in routine and the sleep
schedule can contribute to sleep disturbances [6,12,13]. Sleep
complaints can be present immediately following a concussion
or within the first few days or weeks following the injury. The
most reported sleep disturbance in individuals with a concussion,
insomnia, is experienced by nearly 50% of those individuals
[14]. Chronic insomnia is defined as difficulty in falling asleep
or staying asleep 3 or more days a week for more than 3 months
[15,16].

Chronic insomnia following a concussion can result in elevated
plasma levels of neurofilament light (NfL) and tau biomarkers
[17]. Both NfL and tau biomarkers have been associated with
axonal damage, neuronal injury, and neurodegeneration [18].
Additionally, these biomarkers have been associated with
cognitive decline and cognitive impairment [18]. Emerging
research has found higher levels of plasma NfL and tau
biomarkers in individuals with a history of a concussion, who
also have poor sleep [19]. A possible mechanism for why these
biomarkers are elevated could be disruption in the regular sleep
function of metabolic waste clearance through the glymphatic
system [19]. It is hypothesized that by improving sleep,
metabolic waste clearance within the glymphatic system will
be enhanced, which could decrease the accumulation of the NfL
and tau biomarkers.

To assist in improving insomnia symptoms, cognitive behavioral
therapy for insomnia (CBT-I) is the recommended first-line
treatment. CBT-I consists of a multicomponent program that

includes cognitive and behavioral strategies targeted to address
the perpetuating factors of insomnia [20]. CBT-I is more
effective than pharmaceuticals for long-term treatment of
insomnia [21,22]. Systematic reviews [23,24] and meta-analyses
[25,26] have found that CBT-I has a medium to large effect size
in various comorbid populations and diagnoses. A recent scoping
review reported that cognitive behavioral therapy (CBT)
improved sleep efficiency and sleep quality and reduced
insomnia symptoms in individuals with traumatic brain injury
of all severities [27]. Furthermore, there was a reduction in
concomitant symptoms, specifically anxiety and depression,
after completion of the sleep intervention [27].

To date, only one study has evaluated the use of CBT-I in
individuals who sustained a concussion [28]. The main findings
from this study (n=24) indicated that CBT- I improved insomnia
symptoms and sleep quality and decreased dysfunctional beliefs
about sleep in adolescents but did not improve anxiety,
depression, and postconcussion symptoms following CBT-I.
However, a small sample size limits the interpretation of these
results. Therefore, an adequately powered clinical trial is needed
to evaluate if CBT-I enhances sleep outcomes in people with a
concussion and impacts the recovery process.

Objectives and Hypotheses

Aim 1: To Assess the Therapeutic Effect of CBT-I in
Individuals With a Subacute Concussion and Symptoms
of Insomnia on Sleep Outcomes
We hypothesize that CBT-I will result in a greater magnitude
of change in insomnia severity and sleep quality compared to
the waitlist control (WLC). Furthermore, we hypothesize that
the magnitude of change in insomnia severity and sleep quality
will be maintained for 12 weeks following CBT-I.

Aim 2: To Assess the Therapeutic Effect of CBT-I in
Individuals With a Subacute Concussion and Symptoms
of Insomnia on the Severity and Number of
Postconcussion Symptoms, Anxiety, and Depression
We hypothesize that CBT-I will result in a greater magnitude
of change in the severity and number of postconcussion
symptoms, anxiety, and depression compared to the WLC.

Aim 3: To Evaluate the Relationship Between
Improvement in Sleep Outcomes and Postconcussion
Symptoms
We hypothesize that improvement in insomnia severity will be
positively associated with reductions in the severity and number
of postconcussion symptoms.

Exploratory Aim: To Evaluate the Therapeutic Effect
of CBT-I in Individuals With a Subacute Concussion
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and Symptoms of Insomnia on Levels of NfL and p-tau
Biomarkers.
We hypothesize that there will be a significant reduction in
plasma NfL and p-tau levels from baseline to post CBT-I.

Methods

Study Overview
The proposed study is a delayed-start randomized controlled
trial of 6 weeks of CBT-I among individuals with a concussion,

aged 18-64 years old (n=40; Figure 1). Individuals who meet
the inclusion criteria (Textbox 1) will be randomized into 2
groups. The first is a CBT-I initial group (CBT-I initial; n=20),
which will start the CBT-I intervention directly after completing
the baseline assessment. The second group is the WLC group
(n=20), which will start the CBT-I intervention 6 weeks after
the baseline assessment. The final 6 weeks for all participants,
regardless of group assignment, will include participation in
typical activities such as maintaining employment status, family
roles, etc.

Figure 1. Study flowchart. CBT-I: cognitive behavioral therapy for insomnia.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria:

• Aged 18 to 64 years

• Within ≥4 weeks of concussion injury

• Self-report difficulty falling asleep, maintaining sleep, or waking up too early at least 3 nights per week since injury

• Score of ≥10 on the Insomnia Severity Index to indicate clinical insomnia [29]

• Score of ≥17 on the Mini-Mental State Examination-Telephone questionnaire [30]

Exclusion criteria:

• Known untreated sleep disorder (such as sleep apnea, restless leg syndrome, circadian rhythm disorder, hypersomnia, or parasomnias)

• Increased risk obstructive sleep apnea (score≥3 on the snoring, tiredness, observed apnea, high BP, BMI, age, neck circumference, and male
gender questionnaire) [31,32]

• Increased risk of restless leg syndrome on the Restless Leg Syndrome Diagnosis Index [33]

• Increased risk of circadian rhythm sleep-wake disorder [34]

• Increased risk of parasomnia [34]

• Active abuse or history (up to 2 years) of alcohol or drug dependence as defined by the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition criteria [35]

• Severe mental illness such as schizophrenia or bipolar disorder

• Score of >29 on the Beck Depression Inventory or indication of suicidality (response of “2” or “3” to item 9) [36]

• History of diagnosed nervous system disorders other than concussion (such as multiple sclerosis, Parkinson disease, or stroke)

• Currently works in a night shift

Ethical Considerations
This study was approved by the institutional review board at
the University of Kansas Medical Center (STUDY00146439)
and was conducted in accordance with the ethical standards of
the Helsinki Declaration.

Recruitment
Recruitment will primarily be carried out through physician
referral at the concussion management clinic at the University
of Kansas Medical Center (KUMC). Potential participants will
also be contacted through the KUMC Heron Data
Repository/Pioneers participant registry [37]—a registry of
patients from the University of Kansas Health System who have
given consent to be contacted for potential research. If the
number of participants cannot be reached through these primary
methods, participants will be sought from other concussion
clinics in the Kansas City area, in community support groups,
and through social media.

Screening Procedures
Individuals will undergo a 2-step screening process. The first
portion will consist of a standard telephone screening, which
includes a review of the inclusion and exclusion criteria
(Textbox 1); Insomnia Severity Index (ISI) [29] to assess
insomnia symptom severity; snoring, tiredness, observed apnea,
high BP, BMI, age, neck circumference, and male gender
questionnaire to assess risk of sleep apnea [31,32]; the Restless
Leg Syndrome-Diagnostic Index to assess for risk of restless
leg syndrome [33]; and the Clinical Interview for Sleep
Disorders-Revised [34] questionnaire to assess for circadian
rhythm disorders, nightmare disorder, night terror disorder, and

REM sleep behavior disorders. The Mini-Mental State
Examination Telephone [30,38] will be administered for a
cognition screen for informed consent purposes. The second
step to the screening process will be to administer the Beck
Depression Inventory (BDI) [36] by emailing the potential
participant a link to complete the BDI using the Research
Electronic Data Capture (REDCap) database [39,40]. The
principal investigator, RL, will review the completed BDI to
ensure eligibility. If participants are eligible, a link to complete
the consent process via REDCap will be emailed to each
prospective participant. After the consent process is completed,
the participant will be emailed a link to complete the baseline
assessments.

Assessments

Overview
The baseline assessments will be sent via a REDCap survey
within 2 days of the main consent completion. The baseline
evaluation will consist of demographic information collection
and a completion of questionnaires to assess sleep outcomes,
postconcussion symptoms, and mood.

Demographics
The following demographic data will be collected via self-report
during baseline assessment: sex, education level, ethnicity, race,
marital status, number of physician-diagnosed concussions,
mechanism of concussion injury, list of current medications
and dosage of those medications, list of health care services
currently receiving, and a question asking if insomnia started
before or after the concussion injury.
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Sleep Questionnaires
The ISI [29] is a valid and reliable measure of insomnia severity
that consists of 7 questions, each rated on a scale of 0-4. The
range of scores on the ISI is 0-28; a score of ≥10 suggests
clinical insomnia [41]. The ISI completed at screening will be
considered the baseline ISI score.

The Pittsburgh Sleep Quality Index (PSQI) will be used to assess
quality of sleep [42]. Scores range from 0-21, with a higher
score indicating lower quality of sleep. A global score of > 5
indicates poor sleep quality.

Postconcussion Symptom Severity Questionnaires
Postconcussion symptom severity and the number of symptoms
will be assessed using the Post-Concussion Symptom Scale
(PCSS) [43]. The severity of 22 concussion-related symptoms
is assessed on a Likert scale ranging 0-6 with 0=“no symptom”
and 6=“extreme symptom” [44]. A score of 132 is the maximum,
indicating that all symptoms are severe [44]. The number of
postconcussion symptoms will be assessed by counting the
number of symptoms that the participant identified as having a
severity of 1 or higher on the PCSS. A score of a 1 indicates
that the symptom is mild but still noticeable.

Mood Questionnaires
The BDI [36] assessment will be used to assess the level of
depression. The tool consists of 21 items that are scored on a
Likert scale of 0-3 with 0=“no change in symptom” and
3=“severe change in symptom.” Scores range from minimal
depression (0-13), mild depression (14-19), moderate depression
(20-28), and severe depression (>29).

The BDI completed during screening will yield the baseline
BDI score. The Beck Anxiety Inventory (BAI) [45] assessment
will be used to assess the level of anxiety. The tool consists of
21 items that are scored on a Likert scale of 1-3 with 0=“not at
all” and 3=“severely.” Scores range from minimal anxiety (0-7),
mild anxiety (8-15), moderate anxiety (16-25), and severe
anxiety (>30).

Blood Plasma Biomarkers
Blood plasma biomarkers will be assessed at baseline for all
individuals enrolled and within 1 week of completing the CBT-I
intervention. A trained phlebotomist will draw blood (~10 mL)
into a vacutainer tube containing EDTA as an anticoagulant.
The EDTA tube will then be inverted several times to mix prior
to centrifugation at 1500 g for 10 minutes at 4 °C. After
processing, plasma will be transferred into aliquots and stored
at –80 °C until analysis. NfL and p-tau analysis will use Single
Molecule Array analytics (Quanterix).

Reassessments
Reassessments will occur 6, 12, and 18 weeks following
baseline. Participants will update their current medications and
health care services. Additionally, sleep questionnaires,
concussion symptoms, and mood questionnaires completed
during baseline will be completed at reassessments.

Randomization
Following the baseline assessment, participants will be
randomized to either the CBT-I initial group (n=20) or the
CBT-I WLC group (n=20; Figure 1). A randomization list was
developed using SPSS [46]. Participants are not blinded to their
group assignment. One researcher (RL) is providing the
treatment for this study and is not blinded to group allocation.
Questionnaires are sent to participants via REDCap, and
participants will be able to answer the questionnaires on their
own time and in their own environment. The same researcher
(RL) is also performing data analyses for this study.

The CBT-I Intervention

Overview
The CBT-I program is a 6-week, in-person, one-on-one program
conducted by RL, a trained CBT-I provider, and with
consultation from a Diplomate in Behavioral Sleep Medicine.
The CBT-I will be delivered remotely over a Health Insurance
Portability and Accountability Act–compliant teleconference
service (Zoom) or via telephone. A standardized CBT-I program
will be used [47]. Participants will be given a sleep log to
maintain throughout the course of the 6-week intervention. The
sleep log will be used to tailor the intervention and to monitor
adherence to the intervention for each participant. Each weekly
session will start with a discussion on the previous week of
sleep, review of the sleep diary, and the prior week’s goals. The
general session outlines are as follows with each session lasting
approximately 45-60 minutes.

Session 1
This session involves gaining a qualitative sleep history,
establishing a treatment plan, establishing a sleep schedule and
stimulus control, collaborating on strategies for how to stay
awake to the prescribed bedtime and what to do if the participant
wakes up in the middle of the night, and discussing healthy
sleep practices as they relate to a concussion.

Session 2
This session involves reviewing the concepts of circadian
rhythm and stimulus control, asking about adherence with
possible adjustment to sleep compression bedtime and wake
times, and introducing the relaxation techniques of
diaphragmatic breathing and deep breathing and their application
in daily living.

Session 3
This session involves reinforcing concepts of the circadian
rhythm and stimulus control, continuing to monitor the
prescribed sleep compression bedtime and wake time, adjusting
bedtimes and wake times accordingly, and introducing the
relaxation technique of mindfulness and its application in daily
living.

Session 4
This session involves continuing to reinforce the ideas of
circadian rhythm and stimulus control while monitoring the
prescribed sleep compression bedtime and wake time, adjusting
bedtimes and wake times accordingly, and introducing the
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relaxation technique of progressive muscle relaxation and its
application in daily living.

Session 5
This session involves discussing negative sleep beliefs or
reinforcing a relaxation technique from previous sessions.

Session 6
This session involves discussing the sleep log and determining
if adjustments are needed to the sleep schedule, reviewing the
prior week’s goals, assessing global treatment gains, and
discussing relapse prevention.

WLC Activities
During the wait period portion, the WLC group will be
encouraged to continue participation in their typical activities
including employment, appointments, and personal schedule.
After the 6-week wait period, the WLC group will receive the
full CBT-I intervention.

Statistical Analysis

Sample Size
For this study’s power analysis, the effect size is set at 0.8,
which is based on a prior study that had large effect sizes on
insomnia (0.8) [28]. The SD is set at 1 and the α is set at .05.
Therefore, the required sample size is 32 participants, which is
anticipated on the basis of clinical experience that 10%-25% of
participants will drop out of the study so an additional 8
participants will be enrolled; thus, 40 participants will be
enrolled for a total of 20 participants in each group.
Intention-to-treat analyses will be used; hence, in the event of
a participant dropping out after randomization, the data from
their last assessment will be carried forward to the reassessment
[48].

Statistical Approach

Aim 1: To Assess the Therapeutic Effect of CBT-I in
Individuals With a Subacute Concussion on Insomnia
Symptoms and Sleep Quality

An independent samples t test will be used to determine if there
is a significant difference in percent change in the ISI (primary
outcome) and PSQI between the CBT-I and the WLC conditions.
To assess maintenance for each group, paired t tests will be used
to determine if there is a significant difference at the following
time points: from the reassessment following CBT-I
(reassessment 1 for the CBT-I group; reassessment 2 for the
WLC group) to the immediate reassessment following the
typical activities period (reassessment 2 for the CBT-I initial
group; reassessment 3 for the WLC group), and from
reassessment following CBT-I to delayed reassessment
(reassessment 1 to reassessment 3 for CBT-I group). The
percentage of participants who meet the minimal clinically
important difference (MCID) will also be reported (7 points for
the ISI [36] and 3 points for the PSQI [39]). In the event that
the data do not meet the assumptions for parametric t tests,
nonparametric tests (Mann-Whitney U test for independent
samples, and Wilcoxon signed rank test for paired samples) will
be used.

Aim 2: To Assess the Therapeutic Effect of CBT-I in
Individuals With a Subacute Concussion on the Severity
and Number of Postconcussion Symptoms, Anxiety, and
Depression

An independent samples t test will be used to determine if there
is a significant difference in percent change for the PCSS, BAI,
and BDI between the CBT-I condition and the WLC group. To
assess maintenance, paired samples t tests will be used to
determine if there is a significant difference from the following
time points: from the reassessment following CBT-I
(reassessment 1 for the CBT-I group; reassessment 2 for the
WLC group) to the immediate reassessment following the
typical activities period (reassessment 2 for the CBT-I Initial
group; reassessment 3 for the WLC group), or from reassessment
following CBT-I to delayed reassessment (reassessment 1 to
reassessment 3 for the CBT-I group). The percentage of
participants who meet the MCID criteria for each outcome will
be reported (12 points for the PCSS, 4 points for the total
number of symptoms on the PCSS, 4 points on the BAI, and 5
Points on the BDI [40,45,46]). In the event that the data do not
meet the assumptions for parametric t tests, nonparametric tests
(Mann-Whitney U test for independent samples and Wilcoxon
signed rank test for paired samples) will be used.

Aim 3: To Evaluate the Relationship Between Improvement
in Sleep Outcomes and Postconcussion Symptoms

Two simple linear regressions will be run to evaluate the
relationship between improvement in sleep outcomes and
postconcussion symptoms. The first simple linear regression
will determine if change in ISI from preintervention to
postintervention stages (predictor variable) will predict changes
in postconcussion severity (dependent variable). The second
simple linear regression will determine if change in the ISI from
preintervention to postintervention stages (predictor variable)
will predict changes in the number of postconcussion symptoms
(dependent variable). If there are significant differences at
baseline in age, gender, medication use, number of concussions,
and receiving other services between the two groups, the
variables will be entered into the model as a covariate, and the
2 models will be rerun.

Exploratory Aim: To Evaluate the Therapeutic Effect of
CBT-I in Individuals With a Subacute Concussion and
Symptoms of Insomnia on Levels of NfL and p-Tau
Biomarkers

Paired samples t tests will be used to determine if there is a
significant change in NfL and p-tau plasma levels before and
after the CBT-I intervention. In the event that the data do not
meet the assumptions for parametric t tests, nonparametric tests
(Mann-Whitney U test for independent samples and Wilcoxon
signed rank test for paired samples) will be used.

Results

Enrollment of 40 participants was completed in July 2022, data
collection is anticipated to be completed in November 2022,
and publication of main findings is anticipated in May 2023.
After final data analysis and writing of the results, the
manuscripts will be submitted to appropriate journals for
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dissemination. It is expected that participants in this study will
experience a reduction in insomnia symptoms and an increase
in sleep quality after CBT-I, and these improvements in
insomnia symptoms and sleep quality will be retained following
the intervention. Additionally, it is expected that the therapeutic
effect of CBT-I will result in an improvement in postconcussion
symptom severity and the number of symptoms. Improvement
in insomnia severity will predict improvement in the severity
and number of postconcussion symptoms. It is also anticipated
that there will be a reduction in plasma NfL and p-tau levels
following the CBT-I intervention.

Discussion

Expected Findings
It is anticipated that individuals who complete CBT-I will have
improved sleep outcomes as well as reduced postconcussion
symptoms. Additionally, it is anticipated CBT-I will reduce
NfL and p-tau levels. This study may modify the traditional
approach to postconcussion care by asserting that insomnia can
be resolved by CBT-I and that improvement in insomnia
symptoms is associated with improvement in postconcussion
symptoms. The use of CBT-I in individuals with a concussion
is relatively novel as there is currently only one published pilot
randomized controlled trial [28]. Additionally, the biomarker
substudy will provide valuable insights into the mechanisms of
how sleep assists in neuronal recovery. This study provides both
a mechanistic and clinical perspective for the treatment of
individuals with postconcussion symptoms.

The number and severity of symptoms following a concussion
vary among individuals [49,50,51,52]. In the majority of
concussion cases, 80%-90% of individuals experience symptom
resolution between 1 and 3 weeks post injury [1,4,5,53].
However, for the remaining 10%-15% of concussion cases,
symptoms persist for months to years post injury [54-57].
Combined, approximately 50% of individuals recovering from
a concussion have insomnia symptoms [14], and 10%-15% of
people have prolonged recovery. Therefore, there is a high
percentage of individuals who would benefit from standard use
of CBT-I to resolve their insomnia symptoms and mitigate their
postconcussion symptoms.

This study also offers a potential insight into the mechanism of
how improvement in sleep assists in neuronal recovery and the
possible prevention of neurodegeneration. One marker for
recovery could be the presence of NfL in p-tau as these markers
are associated with neuronal injury and neurodegeneration.

Further exploration of the presence of these biomarkers may
provide valuable information on how significant symptoms of
insomnia affect recovery and how those biomarker levels
respond with improvement in sleep following CBT-I
intervention.

Anticipated Limitations
Potential limitations related to the treatment response are as
follows. First, it is unknown how each participant will respond
to the CBT-I treatment with their current symptom burden.
Enrolling participants who are within at least 4 weeks of their
concussion was to obtain individuals who have relatively stable
symptoms at the time of enrollment. Second, medication use
and dosage may affect the treatment response to the CBT-I
intervention. Therefore, information on medication will be
collected at baseline and at reassessments to be included in
statistical analysis if indicated. Third, participants will
potentially be receiving care from other health care providers,
which could impact the interpretation of the results. Therefore,
information on type of services being received will be collected
at baseline and at reassessments to be included in statistical
analysis if indicated.

Another potential limitation to this study is attrition. The attrition
rate was 20% in one study evaluating CBT-I in adolescents with
a concussion [28]. A 20% attrition rate was also observed in a
cognitive behavioral intervention study on adults who have had
a concussion [58]. To account for attrition, we will overenroll
by 20% in this study. To help with retention, study procedures
and time commitment will be clearly articulated to potential
participants and reinforced during the course of the study.
Furthermore, individuals in the WLC will be contacted by
telephone in the middle of their 6-week waiting period to remind
them of their upcoming CBT-I sessions and to maintain
connection and interest.

Conclusions
Insomnia is the most common sleep disturbance in individuals
recovering from a concussion. This study is the first randomized
control trial to evaluate if CBT-I improves sleep outcomes and
postconcussion symptoms. Potential results from this study
could indicate that improvement in sleep may improve
postconcussion symptoms—this could be insightful research to
improve both clinical care and progress clinical research in the
concussion community. Future studies need to continue to
evaluate (1) the mechanistic response to improvement in sleep
and (2) the relationship between improved sleep and improved
recovery from postconcussion symptoms.
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