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Unrelated to concussion, psychological and mood disturbances are
commonly reported among adolescents experiencing headaches [8].
Headaches are more common and frequent in those with anxiety and
mood disorders, and adolescents with recurrent headaches are
significantly more likely to report psychiatric comorbidity, such as
anxiety or depression [9, 10]. Children and adolescents are significantly
more likely to experience anxiety symptoms after a concussion
compared to peers who sustained orthopaedic injuries [11]. Adolescents
with a history of concussion are more likely to experience depressive
symptoms compared to their peers, even after controlling for age, sex,
socioeconomic status, and parental mental health [12, 13]. Further,
adolescent girls and those with pre-injury psychiatric disorders are at

Introduction

Concussion, also referred to as mild traumatic brain injury (mTBI), is a
common occurrence among adolescents in the United States, with nearly
one in five adolescents between grades 8 and 12 reporting a previous
diagnosis of concussion [1]. Although post-concussion symptoms can
vary significantly, headache is often the most frequently endorsed
symptom, followed by dizziness, distractibility, and confusion [2, 3].
Approximately 71-85% of adolescent patients report headache following
a concussion or mTBI, making it the most common physical complaint
from children and adolescents following injury [4-6]. In many instances,
headache is associated with prolonged concussion symptoms [7].
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greater risk for psychological distress following concussion [14, 15].
Thus, directionality between psychological problems and headache
remains unclear at this point although studying PTH potentially can help
elucidate this matter.

Due to the gender differences seen in the frequency of headaches and
psychiatric diagnoses during adolescence, girls may be at particular risk
for worse mental health symptoms following concussion. Girls are
significantly more likely than boys to report headaches with and without
a TBI [16-18]. Additionally, girls are at greater risk for depression and
anxiety during adolescence compared to boys [19, 20]. However,
findings on gender differences in mental health outcomes following
concussion are scarce in the adolescent population [21]. While some
evidence suggests girls are more likely to experience mental health
symptoms following concussion; more research is needed to understand
how mental health symptoms differ in adolescent boys and girls [14].

The prevalence of concussion in adolescent populations is high and
subsequent headaches are common. Mental health status after
concussion is a valuable outcome to examine, and symptoms may be
related to the experience of PTH. With headache as the most common
post-concussion symptom and frequent comorbidity with mental health
problems, it is important to develop a better understanding of how
headache following concussion may relate to mental health symptoms in
adolescents [1, 5]. This study examined the following mental health
domains: anxiety, depression, anger, disruptive behaviours, and self-
concept. Further elucidation of relationships with PTH and specific
mental health domains can enhance clinical decision-making in regard
to symptom management and patient education. Given prior literature, it
is expected that adolescents with PTH will demonstrate greater mental
health symptoms following a concussion that are not attributable to
gender differences. This study examined the differences in mental health
symptoms after concussion between adolescents with and without PTH.

Methods
| Participants

There were 123 adolescents, ages 10 to 17, in this clinical dataset of
patients evaluated at an academic medical center-based ambulatory
concussion clinic between 2010 and 2012 eligible for this study. Out of
the 174 adolescents in this dataset, 156 adolescents had valid data on
headache status and all mental health outcomes. There were 33 patients
excluded for missing time since injury data or for being outside the
window of 14-365 days following concussion incident, leaving a final
sample of 123.

11 Measures

i Demographics

Data regarding age, gender, race/ethnicity, years of education, and
premorbid psychiatric disorder (clinical interview, self-report, and

medical chart review for confirmation) were provided via patient self-
report and medical chart review.
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ii Premorbid Intelligence

The Wide Range Achievement Test, fourth edition (WRAT-4) Reading
subtest was used to estimate premorbid intellectual functioning [22-24].

iii Injury Characteristics

Loss of consciousness was self-reported as no, yes, or probable;
however, probable responses were treated as missing. Duration of loss
of consciousness (self-report) was dichotomized to 0-30 minutes for
mild severity and unknown [25]. No patients reported a duration greater
than 30 minutes. Injury cause, based upon self-report and medical chart
review, was categorized as a sport-related, motor vehicle collision, and
other for this cohort.

iv Headache Status

Headache (no or yes) was assessed via clinical interview by the treating
clinical neuropsychologist when reviewing presenting symptoms.

v Mental Health Symptoms

The Beck Youth Inventories for Children and Adolescents, second
edition (BYI-11) consists of five self-report scales to measure anxiety,
depression, anger, disruptive behaviour, and self-concept [26]. The
anxiety scale reflects psychological worry and physiological symptoms
associated with anxiety. The depression scale represents feelings of
sadness, negative thoughts of self, life, or future, and physiological
symptoms of depression. The anger scale captures feelings of anger,
perceptions of mistreatment, and physiological arousal. The disruptive
behaviour scale covers conduct problems. The self-concept scale depicts
positive self-worth and perceptions of personal strengths. The BYI-I1
items ask about experiencing specific thoughts or feelings within the past
two weeks. Response options are never, sometimes, often, or always.
The BYI-II yields T-scores. Per the test manual, T-scores can be
interpreted such that scores below 55 are average and scores of 55 and
above are clinically elevated for anxiety, depression, anger, and
disruptive behaviour scales. The self-concept scale interpretation
indicates the T-scores below 45 are lower than average [26]. Adolescents
completed the BYI-1I independently in an ambulatory clinic setting.

111 Procedures

This study was conducted in accordance with the institutional review
board guidelines (protocol # 46116). Data were collected as part of
clinical care under the guidance of a clinical neuropsychologist. This
study is a secondary analysis of a de-identified archival dataset.

IV Data Analysis

All analyses were conducted using IBM SPSS v28 with an alpha level
of 0.05. Data were screened for outliers and missing data. Differences in
demographic characteristics by headache status were assessed using t-
tests, %% and Fisher’s exact test. Significant differences in
sociodemographic characteristics were considered for covariates in
analyses. T-testswere used to examine mean differences in mental health
symptoms (anxiety, depression, anger, disruptive behaviours, and self-
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concept) by headache status. The magnitude of effect size was evaluated
with Cohen’s d. Chi-square and Fisher’s exact tests were used to
examine differences in proportions of elevated BYI-II scores by
headache status. Odds Ratios were calculated for effect size.

Results

Participant descriptives are presented in (Table 1). The average age of
the study sample was 14.7 years (SD = 1.7). The majority of participants

were boys (65.9%). The mean years of education were 8.9 years. The
most frequent cause of concussion was a sport-related incident (80.5%).
Injury severity was in the mild range (loss of consciousness <30 minutes)
for all known cases; however, there was a sizable number of cases
(18.7%) with unknown duration of loss of consciousness. Of the sample
(n = 123), the majority of adolescents endorsed PTH (n = 102; 82.9%),
which is consistent with epidemiologic data [5].

Table 1: Sociodemographic characteristics of the study sample and subgroup comparisons.

Participant Characteristics Total Sample Headache p
N =123 No (n =21) Yes (n =102)

Age, M(SD) 147 (1.7) 146 (1.5) 147 (1.7) .962
Gender -- .085
Boys 81 (65.9%) 17 (81.0%) 64 (62.7%) --
Girls 42 (34.1%) 4 (19.0%)) 38 (37.3%) --
Race -- 433
White 120 (97.6%) 20 (95.2%) 100 (98.0%) --
Black 3 (2.4%) 1 (4.8%) 2 (2.0%) --
Years of education, M(SD) 8.9(1.8) 89 (1.4) 8.9(1.8) .958
WRAT-4 Reading, M(SD) 103.3(13.3) 103.0 (14.7) 103.4 (13.1) .890
Premorbid mental health conditions -- .079
No 104 (84.6%) 21 (100%) 83 (81.4%) --
Yes 12 (9.8%) 0 (0.0%) 12 (11.8%) -

Missing 7 (5.7%) 0 (0.0%) 7 (6.9%)

Mechanism of Injury -- .387
Sport-related 99 (80.5%) 16 (76.2%) 83 (81.4%) --
Motor vehicle collision 8 (6.5%) 3(14.3%) 5 (4.9%) --
Fall 6 (4.9%) 1 (4.8%) 5 (4.9%) --
Assault 2 (1.6%) 0 (0.0%) 2 (2.0%) --
Other 6 (4.9%) 0 (0.0%) 6 (5.9%) --
Missing 2 (1.6%) 1 (4.8%) 1 (1.0%)

Duration of LOC -- .542
30 minutesor less 100 (81.3%) 16 (76.2%) 84 (82.4%) --
Unknown/missing 23 (18.7%) 5 (23.8%) 18 (17.6%) --

Days since injury, Mdn(IQR) 38.0 (26.0-63.0) 44.0 (27.0-75.5) 35.0 (25.8-58.0) 433

A t-test was used to examine group differences on age, education, and premorbid 1Q (WRAT-4) variables. Fisher’s exact test was used to examine group
differences on gender, race, premorbid mental health, and duration of loss of consciousness variables. Chi-square test was used to examine group differences
on mechanism of injury. Mann-Whitney U test was used to examine group differences on days since injury variable.

M: Mean; SD: Standard Deviation; WRAT-4: Wide Range Achievement Test, Fourth edition; LOC: Loss Of Consciousness; Mdn: Median; IQR:

Interquartile Range.

A series of analyses were conducted to compare headache status groups
on sociodemographic and injury-related characteristics. There were no
differences between those with and without headaches with respect to
age, gender, race, years of education, estimated premorbid intelligence,
premorbid mental health disorder (no versus yes), mechanism of injury,
presence or absence of loss of consciousness, duration of loss of
consciousness (known mild range versus unknown), and days since
injury (ps > .05). Interestingly, the proportion of girls with headache
(90.5%) was greater than boys with headache (79.0%) although 82.9%
of the overall sample endorsed headache, and boys represented majority
of the total sample. However, this gender difference was not significant,
p =.085. Also, the BYI-1I T-scores are adjusted for gender and age.

Neurol Neurobiol doi: 10.31487/j.NNB.2022.02.04

Results of differences in mental health symptoms by headache status are
presented in (Table 2). A Welch t-test is reported for the anxiety and
anger scales due to homogeneity of variances being violated as assessed
by Levene’s test for equality of variances (p < .05). However, all other
mental health symptoms met the assumption of homogeneity of
variances as determined by non-significant Levene’s test for equality of
variances (p > .05). Participants who endorsed headache reported more
anxiety symptoms than those who denied headache, t(50.20) = -4.89, p
<.001, d = 0.95. The ratings of depression symptoms were higher for
participants who endorsed headache compared to individuals without
headache, t(121) = -2.48, p = .014, d = 0.63. Anger was higher among
participants with headache compared to those who denied headache,
t(47.41) = -4.53, p < .001, d = 0.90. Disruptive behaviours, similarly,
were greater among participants with headache relative to participants

Volume 5(2): 3-7



Headache and Anxiety Symptoms After mTBI

without headache, t(121) = -3.71, p < .001, d = 0.97. Regarding self-
concept, a positive resilience characteristic, individuals with headaches
had slightly lower scores than individuals without headaches, but this

Table 2: Mental health symptoms by headache status.

difference was small and non-significant, t(121) = 1.24, p = .218,d =
.29.

Psychiatric Outcomes Headache
No Yes p Cohen’s d
Mean SD Mean SD
Anxiety 441 55 51.8 9.8 <.001 0.95
Depression 432 7.0 48.1 8.4 .014 0.63
Anger 412 5.2 47.7 8.8 <.001 0.90
Disruptive Behavior 404 43 453 58 <.001 0.97
Self-Concept 53.9 9.2 51.3 8.3 .218 0.29

These outcomes are based upon scales from the Beck Youth Inventory, second edition. Anxiety reflects psychological worry and physiological symptoms
associated with anxiety. Depression represents feelings of sadness, negative thoughts of self, life, or future, and physiological symptoms of depression.
Anger captures feelings of anger, perceptions of mistreatment, and physiological arousal. Disruptive behaviour covers conduct problems. Self-Concept

depicts positive self-worth and perceptions of personal strengths.

Evaluating differences in the proportion of clinically elevated scores (T
> 55, except for Self-Concept, T < 44) revealed significant findings for
the anxiety and anger scales. The headache status of adolescents was
associated with clinically elevated anxiety scores (X%1) = 5.09, p =
.024). The Odds Ratio (OR) of clinically elevated anxiety was 4.97,
indicating a higher probability among adolescents with headaches. The
expected cell counts were lower than 5 for the remaining scales,
precluding the use of chi-square test. As such, Fisher’s exact test was
utilized. Clinical elevations on the anger scale were associated with
positive headache status, p =.016. Among the adolescents with clinically
elevated anger scores, 100% endorsed experiencing headaches (n = 20).
However, headache was not associated with elevated depression scores
(p = .194), elevated disruptive behaviour scores (p = .589), or clinically
low self-concept scores (p = .124).

Discussion

Among a sample of adolescent patients who presented to an outpatient
concussion clinic, there were medium-to-large differences in the mental
health symptoms between patients who did and did not report post-
traumatic headache (PTH). Specifically, there were greater symptoms of
anxiety, depression, anger, and disruptive behaviour among adolescent
patients with PTH. In addition, when examining clinically elevated
scores (T > 55), PTH was associated with elevated anxiety and anger.
However, there was no difference in self-concept, a potential measure of
psychological resilience [27]. This study adds to the limited research
knowledge on headaches after the pediatric concussion [28]. The
differences in gender representation approached significance, with girls
reporting slightly higher rates of headache than boys, although boys
represented the majority of the sample. While this study did not find a
meaningful level of gender difference, the direction of our findings is
consistent with prior research. Among children and adolescents without
a recent history of concussion, prior research has identified gender
differences in headaches and non-localized pain [29, 30]. Within
adolescents that have experienced a sport-related concussion, girls have
reported greater headache severity than boys at their initial visit to an
outpatient concussion clinic [31]. Adolescent girls tend to report greater
post-concussion symptoms, including somatic and emotional [32].
However, although high school and college-aged girls tend to report
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greater severity of symptoms both before and after concussion, these
differences, in aggregate, may not be clinically significant [33].
Importantly, this study utilized the BYI-Il normative scores, which
accounts for gender and age, as the measure for mental health symptoms.

The relationship between headache and specific mental health symptoms
was clinically meaningful, with large group effects on symptoms of
anxiety, anger, and disruptive behaviour and a medium group effect on
symptoms of depression. These group differences could have functional
significance, in that adolescents reporting headaches may be at greater
risk for mental health problems and disruptive behaviours that may, but
notalways, interfere with academic achievement and lead to disciplinary
issues at school [34, 35].

Interestingly, we found adolescents with PTH to have odds nearly five
times that of adolescents without PTH for clinically elevated anxiety.
The relationship between physical symptoms, such as headaches, and
affective symptoms, such as depression and anxiety, are consistent with
previous findings on post-concussion symptoms among adolescents.
High correlations between physical and affective symptoms have been
identified in prior factor analytic studies both prior to a concussion and
following a concussion [36, 37].

Post-concussion symptoms are highly interrelated and interactive at
baseline among student-athletes with mental health problems or
attention-deficit/hyperactivity disorder [38, 39]. The potential
unidirectional (e.g., frequent headaches — helplessness — depression
and anger) or bidirectional (e.g. anxiety-related stress <> headaches)
relationship between headaches and mental health problems can be
easily conceptualized as an interactive symptom network [40]. If these
concussion-related symptoms are interactive and mutually amplifying,
then addressing each may ameliorate the other, which demonstrates the
value of inter-professional concussion management by addressing
headaches and mental health simultaneously. This dual management of
TBI symptoms and pain using multiple approaches has been suggested
by Mehalick and Glueck [41]. Dual management also acknowledges the
complexities of concomitant challenges experienced by adolescents with
concussions [42].
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Of note, there were no differences in self-concept between participants
with and without PTH, meaning the presence of headache does not
equate to reduced psychological resilience. Positive perceptions of self
could be valuable characteristics when addressing mental and
behavioural health among adolescents recovering from concussion,
including those with PTH. Although there is evidence to suggest
psychotherapy is beneficial for addressing PTH among individuals with
TBI, more studies with rigorous methodological standards are needed to
make any definitive recommendations [43, 44]. This study indicates
nuance with respect to emotional distress and psychological resilience
among adolescents with concussion and PTH.

This study has several limitations, however. This clinical sample consists
of adolescent patients who presented to an academic medical center
ambulatory concussion clinic, which limits the generalizability of these
findings to all adolescents with concussion. Many adolescents who
experience a concussion may never present to a hospital-based clinic,
receive treatment in another setting (e.g., through a school-based athletic
trainer), or do not present for follow-up treatment. Our study is also
limited by the absence of pre-injury symptom data as a baseline
comparison, which is unfortunately common in such studies. The
relationship between headaches and mental health symptoms may
precede the injury for some patients in our sample and their headaches
and their recent concussion may, or may not, amplify their mental health
symptoms. Research has shown that pre-injury mental health
disturbances are linked to worse concussion outcomes [45, 46]. As such,
self-reported pre-injury psychiatric history information is included in
(Table 1), and there was not a difference in rates of premorbid mental
health conditions between headache groups. This lack of difference in
premorbid psychiatric conditions across study groups strengthens the
importance of these studies. The definition of headache was
dichotomous and did not discriminate between different clinical
headache subtypes, such as cervicogenic headaches, tension headaches,
or migraines. Future research examining headaches and mental health
following a concussion could specifically investigate whether different
types of headaches, present both before and after injury, have differential
relationships with mental health symptom ratings. Some prior
investigations have found worse acute post-concussion outcomes
associated with pre-injury migraines and worse subacute outcomes
associated with PTH with migraine-like features [47-49].

Overall, the findings of this study indicated that PTH is a common and
complicated problem for adolescent health. Adolescents experiencing
PTH experienced greater mental health and behavioural problems,
including greater anxiety, anger, depression, and disruptive behaviours,
which were not attributable to gender differences in this study. A higher
frequency of clinically elevated scores on anxiety and anger were
associated with PTH. Although PTH is negatively related to mental
health symptoms following concussion among adolescents, positive self-
concept did not differ between individuals with and without headaches,
which may represent psychological resilience in adolescents recovering
from concussions. Considering these findings, it would be beneficial for
medical providers engaged with adolescent health to routinely assess and
monitor mental health symptoms among adolescents with PTH, as
mental health symptoms and headache may have an interactive and
bidirectional relationship. An assessment of mental health among
adolescent patients with PTH can help to ensure that these patients
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recovering from concussions are connected with the appropriate
interventions.

Declaration

The authors alone are responsible for the content and writing of the
paper.

Conflicts of Interest

None.

Competing Interests

None.

Funding

The contents of this manuscript were developed under a grant from the
National Institute on Disability, Independent Living, and Rehabilitation
Research (NIDILRR grant number 90IFSTO006). NIDILRR is a Center
within the Administration for Community Living (ACL), Department of
Health and Human Services (HHS). The contents of this manuscript do
not necessarily represent the policy of NIDILRR, ACL, or HHS, and you

should not assume endorsement by the Federal Government.

REFERENCES

1. Veliz P, McCabe SE, Eckner JT, Schulenberg JE (2017) Prevalence of
Concussion Among US Adolescents and Correlated Factors. JAMA
318:1180-1182. [Crossref]

2. Halstead ME, Walter KD, Moffatt K, Council on Sports Medicine and
Fitness (2018) Sport-Related Concussion in Children and Adolescents.
Pediatrics 142: €20183074. [Crossref]

3. Nampiaparampil DE (2011) Chronic Headache after Pediatric Brain
Injury: A Systematic Review. J Behavioral Brain Sci 01: 81-86.

4.  Babcock L, Byczkowski T, Wade SL, Ho M, Mookerjee S et al. (2013)
Predicting postconcussion syndrome after mild traumatic brain injury
in children and adolescents who present to the emergency department.
JAMA Pediatr 167: 156. [Crossref]

5.  Eisenberg MA, Meehan WP, Mannix R (2014) Duration and course of
post-concussive symptoms. Pediatrics 133: 999-1006. [Crossref]

6. Strand S, Lechuga D, Zachariah T, Beaulieu K (2015) Relative risk for
concussions in young female soccer players. Appl Neuropsychol Child
4:58-64. [Crossref]

7.  Starkey NJ, Jones K, Case R, Theadom A, Barker Collo S et al. (2018)
Post-concussive symptoms after a mild traumatic brain injury during
childhood and adolescence. Brain Inj 32: 617-626. [Crossref]

8. Milde Busch A, Boneberger A, Heinrich S, Thomas S, Kithnlein A et
al. (2010) Higher prevalence of psychopathological symptoms in
adolescents with headache. A population-based cross-sectional study.
Headache 50: 738-748. [Crossref]

9. Torres Ferrus M, Vila Sala C, Quintana M, Ajanovic S, Gallardo VJ et
al. (2019) Headache, comorbidities and lifestyle in an adolescent
population (The TEENSs Study). Cephalalgia 39: 91-99. [Crossref]

Volume 5(2): 5-7


https://pubmed.ncbi.nlm.nih.gov/28973604/
https://pubmed.ncbi.nlm.nih.gov/30420472/
https://pubmed.ncbi.nlm.nih.gov/23247384/
https://pubmed.ncbi.nlm.nih.gov/24819569/
https://pubmed.ncbi.nlm.nih.gov/24294937/
https://pubmed.ncbi.nlm.nih.gov/29446658/
https://pubmed.ncbi.nlm.nih.gov/20100300/
https://pubmed.ncbi.nlm.nih.gov/29771141/

Headache and Anxiety Symptoms After mTBI

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Orr SL, Potter BK, Ma J, Colman | (2017) Migraine and Mental Health
in aPopulation-Based Sample of Adolescents. Can J Neurol Sci 44: 44-
50. [Crossref]

Luis CA, Mittenberg W (2002) Mood and anxiety disorders following
pediatric traumatic brain injury: a prospective study. J Clin Exp
Neuropsychol 24: 270-279. [Crossref]

Chrisman SPD, Richardson LP (2014) Prevalence of diagnosed
depression in adolescents with history of concussion. J Adolesc Health
54:582-586. [Crossref]

Yang MN, Clements Nolle K, Parrish B, Yang W (2019) Adolescent
Concussion and Mental Health Outcomes: A Population-based Study.
Am J Health Behav 43: 258-265. [Crossref]

Ellis MJ, Ritchie LJ, Koltek M, Hosain S, Cordingley D et al. (2015)
Psychiatric outcomes after pediatric sports-related concussion. J
Neurosurg Pediatr 16: 709-718. [Crossref]

Brooks BL, Plourde V, Beauchamp MH, Tang K, Yeates KO et al.
(2019) Predicting Psychological Distress after Pediatric Concussion. J
Neurotrauma 36: 679-685. [Crossref]

Blume HK, Vavilala MS, Jaffe KM, Koepsell TD, Wang J et al. (2012)
Headache after pediatric traumatic brain injury: a cohort study.
Pediatrics 129: €31-e39. [Crossref]

Giza C, Greco T, Prins ML (2018) Concussion: pathophysiology and
clinical translation. Handb Clin Neurol 158: 51-61. [Crossref]

Walter S (2014) Lifestyle behaviors and illness-related factors as
predictors of recurrent headache in U.S. adolescents: J Neurosci Nurs
46: 337-350. [Crossref]

Salk RH, Hyde JS, Abramson LY (2017) Gender differences in
depression in representative national samples: Meta-analyses of
diagnoses and symptoms. Psychol Bull 143: 783-822. [Crossref]
Lewinsohn PM, Gotlib IH, Lewinsohn M, Seeley JR, Allen NB (1998)
Gender differences in anxiety disorders and anxiety symptoms in
adolescents. J Abnorm Psychol 107: 109-117. [Crossref]

Gupte R, Brooks W, Vukas R, Pierce J, Harris J (2019) Sex Differences
in Traumatic Brain Injury: What We Know and What We Should
Know. J Neurotrauma 36: 3063-3091. [Crossref]

Wilkinson G, Roberston G (2006) Wide range achievement test -
Fourth edition: Professional manual. Lutz, FL: Psychological
Assessment Resources.

Lezak MD, Howieson DB, Bigler ED, Tranel D, editors (2012)
Neuropsychological assessment. 5th ed. Oxford; New York: Oxford
University Press.

Orme DR, Johnstone B, Hanks R, Novack T (2004) The WRAT-3
Reading Subtest as a Measure of Premorbid Intelligence Among
Persons With Brain Injury. Rehabil Psychol 49: 250-253.

Zollman FS (2016) Manual of traumatic brain injury: assessment and
management. Second edition. New York: Demos Medical.

Beck JS, Beck AT, Jolly JB, Steer RA (2005) Beck Youth Inventories
for Children and Adolescents. 2nd Edition. San Antonio, TX: Pearson.
Anderson K, Priebe S (2021) Concepts of Resilience in Adolescent
Mental Health Research. J Adolesc Health 69: 689-695. [Crossref]
Kwan V, Plourde V, Yeates KO, Noel M, Brooks BL (2020) Headache
long after pediatric concussion: presence, intensity, interference, and
association with cognition. Brain Inj 34: 575-582. [Crossref]

Abu Arafeh I, Razak S, Sivaraman B, Graham C (2010) Prevalence of
headache and migraine in children and adolescents: a systematic review
of population-based studies: Review. Dev Med Child Neurol 52: 1088-
1097. [Crossref]

Neurol Neurobiol doi: 10.31487/j.NNB.2022.02.04

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

King S, Chambers CT, Huguet A, MacNevin RC, McGrath PJ et al.
(2011) The epidemiology of chronic pain in children and adolescents
revisited: a systematic review. Pain 152: 2729-2738. [Crossref]

Baker JG, Leddy JJ, Darling SR, Shucard J, Makdissi M et al. (2016)
Gender Differences in Recovery From Sports-Related Concussion in
Adolescents. Clinical Pediatr 55: 771-775. [Crossref]

Clair R, Levin Allen S, Goodman A, McCloskey G (2020) Gender
differences in quality of life and symptom expression during recovery
from concussion. Appl Neuropsychol Child 9: 206-214. [Crossref]
Brown DA, Elsass JA, Miller AJ, Reed LE, Reneker JC (2015)
Differences in Symptom Reporting Between Males and Females at
Baseline and After a Sports-Related Concussion: A Systematic Review
and Meta-Analysis. Sports Med 45: 1027-1040. [Crossref]

McLeod JD, Uemura R, Rohrman S (2012) Adolescent mental health,
behavior problems, and academic achievement. J Health Soc Behav 53:
482-497. [Crossref]

Sayal K, Washbrook E, Propper C (2015) Childhood behavior
problems and academic outcomes in adolescence: longitudinal
population-based study. J Am Acad Child Adolesc Psychiatry 54:
360.e2-368.e2. [Crossref]

Joyce AS, Labella CR, Carl RL, Lai JS, Zelko FA (2015) The
Postconcussion Symptom Scale: utility of a three-factor structure. Med
Sci Sports Exerc 47: 1119-1123. [Crossref]

Karr JE, Iverson GL (2020) The structure of post-concussion symptoms
in adolescent student athletes: Confirmatory factor analysis and
measurement invariance. Clin Neuropsychol 1-40. [Crossref]

Iverson GL, Jones PJ, Karr JE, Maxwell B, Zafonte R et al. (2020)
Architecture of Physical, Cognitive, and Emotional Symptoms at
Preseason Baseline in Adolescent Student Athletes With a History of
Mental Health Problems. Front Neurol 11: 175. [Crossref]

Iverson GL, Jones PJ, Karr JE, Maxwell B, Zafonte R et al. (2020)
Network Structure of Physical, Cognitive, and Emotional Symptoms at
Preseason Baseline in Student Athletes with Attention-Deficit/
Hyperactivity Disorder. Arch Clin Neuropsychol 35: 1109-1122.
[Crossref]

Iverson GL (2019) Network Analysis and Precision Rehabilitation for
the Post-concussion Syndrome. Front Neurol 10: 489. [Crossref]
Mehalick ML, Glueck AC (2018) Examining the relationship and
clinical management between traumatic brain injury and pain in
military and civilian populations. Brain Inj 32: 1307-1314. [Crossref]
Savage RC, DePompei R, Tyler J, Lash M (2005) Paediatric traumatic
brain injury: A review of pertinent issues. Pediatr Rehabil 8: 92-103.
[Crossref]

Bergersen K, Halvorsen J@, Tryti EA, Taylor SI, Olsen A (2017) A
systematic literature review of psychotherapeutic treatment of
prolonged symptoms after mild traumatic brain injury. Brain Inj 31:
279-289. [Crossref]

Gurr B, Coetzer B (2005) The effectiveness of cognitive-behavioural
therapy for post-traumatic headaches. Brain Inj 19: 481-491. [Crossref]
Iverson GL, Williams MW, Gardner AJ, Terry DP (2020) Systematic
Review of Preinjury Mental Health Problems as a VVulnerability Factor
for Worse Outcome After Sport-Related Concussion. Orthop J Sports
Med 8: 232596712095068. [Crossref]

Yang J, Peek Asa C, Covassin T, Torner JC (2015) Post-concussion
symptoms of depression and anxiety in division | collegiate athletes.
Dev Neuropsychol 40: 18-23. [Crossref]

Volume 5(2): 6-7


https://pubmed.ncbi.nlm.nih.gov/27834630/
https://pubmed.ncbi.nlm.nih.gov/11992209/
https://pubmed.ncbi.nlm.nih.gov/24355628/
https://pubmed.ncbi.nlm.nih.gov/30808466/
https://pubmed.ncbi.nlm.nih.gov/26359916/
https://pubmed.ncbi.nlm.nih.gov/30032719/
https://pubmed.ncbi.nlm.nih.gov/22144708/
https://pubmed.ncbi.nlm.nih.gov/30482375/
https://pubmed.ncbi.nlm.nih.gov/25365048/
https://pubmed.ncbi.nlm.nih.gov/28447828/
https://pubmed.ncbi.nlm.nih.gov/9505043/
https://pubmed.ncbi.nlm.nih.gov/30794028/
https://pubmed.ncbi.nlm.nih.gov/34045094/
https://pubmed.ncbi.nlm.nih.gov/32050786/
https://pubmed.ncbi.nlm.nih.gov/20875042/
https://pubmed.ncbi.nlm.nih.gov/22078064/
https://pubmed.ncbi.nlm.nih.gov/26378093/
https://pubmed.ncbi.nlm.nih.gov/30822135/
https://pubmed.ncbi.nlm.nih.gov/25971368/
https://pubmed.ncbi.nlm.nih.gov/23197485/
https://pubmed.ncbi.nlm.nih.gov/25901772/
https://pubmed.ncbi.nlm.nih.gov/25268538/
https://pubmed.ncbi.nlm.nih.gov/33295242/
https://pubmed.ncbi.nlm.nih.gov/32265822/
https://pubmed.ncbi.nlm.nih.gov/32619228/
https://pubmed.ncbi.nlm.nih.gov/31191426/
https://pubmed.ncbi.nlm.nih.gov/29993307/
https://pubmed.ncbi.nlm.nih.gov/16089249/
https://pubmed.ncbi.nlm.nih.gov/28125305/
https://pubmed.ncbi.nlm.nih.gov/16134736/
https://pubmed.ncbi.nlm.nih.gov/33614790/
https://pubmed.ncbi.nlm.nih.gov/25649775/

Headache and Anxiety Symptoms After mTBI

47. Terry DP, Reddi PJ, Cook NE, Seifert T, Maxwell BA et al. (2019)
Acute Effects of Concussion in Youth With Pre-existing Migraines.
Clin J Sport Med 31: 430-437. [Crossref]

48. Mihalik JP, Stump JE, Collins MW, Lovell MR, Field M et al. (2005)
Posttraumatic migraine characteristics in athletes following sports-
related concussion. J Neurosurg 102: 850-855. [Crossref]

Neurol Neurobiol doi: 10.31487/j.NNB.2022.02.04

49.

Kontos AP, Elbin RJ, Lau B, Simensky S, Freund B et al. (2013)
Posttraumatic migraine as a predictor of recovery and cognitive
impairment after sport-related concussion. Am J Sports Med 41: 1497-
1504. [Crossref]

Volume 5(2): 7-7


https://pubmed.ncbi.nlm.nih.gov/31842054/
https://pubmed.ncbi.nlm.nih.gov/15926709/
https://pubmed.ncbi.nlm.nih.gov/23698389/

