'," frontiers
in Pediatrics

ORIGINAL RESEARCH
published: 05 February 2020
doi: 10.3389/fped.2020.00002

OPEN ACCESS

Edited by:

Mearia Pia Bucci,

Centre National de la Recherche
Scientifique (CNRS), France

Reviewed by:

Caroline J. Ketcham,

Elon University, United States
Karen M. Barlow,

University of Queensland, Australia

*Correspondence:
Nathan E. Cook
necook@mgh.harvard.edu

Specialty section:

This article was submitted to
Pediatric Neurology,

a section of the journal
Frontiers in Pediatrics

Received: 08 November 2019
Accepted: 07 January 2020
Published: 05 February 2020

Citation:

Cook NE, Sapigao RG, Silverberg ND,
Maxwell BA, Zafonte R, Berkner PD
and Iverson GL (2020)
Attention-Deficit/Hyperactivity
Disorder Mimics the Post-concussion
Syndrome in Adolescents.

Front. Pediatr. 8:2.

doi: 10.3389/fped.2020.00002

Check for
updates

Attention-Deficit/Hyperactivity
Disorder Mimics the
Post-concussion Syndrome in
Adolescents

Nathan E. Cook "2%*, Rosemarie G. Sapigao®, Noah D. Silverberg®’, Bruce A. Maxwell®,
Ross Zafonte ">4°, Paul D. Berkner'® and Grant L. Iverson >4

! Department of Physical Medicine and Rehabilitation, Harvard Medical School, Boston, MA, United States, 2 Sports
Concussion Program, MassGeneral Hospital for Children, Boston, MA, United States, ° Spaulding Rehabilitation Hospital,
Charlestown, MA, United States, * Massachusetts General Hospital, Boston, MA, United States, ° T.H. Chan School of Public
Health, Harvard University, Boston, MA, United States, © Division of Physical Medicine and Rehabilitation, University of British
Columbia, Vancouver, BC, Canada, ” Rehabilitation Research Program, Vancouver Coastal Health Research Institute,
Vancouver, BC, Canada, ¢ Department of Computer Science, Colby College, Waterville, ME, United States, ° Brigham and
Women'’s Hospital, Boston, MA, United States, '° Health Services and Department of Biology, Colby College, Waterville, ME,
United States, "' Spaulding Research Institute, Boston, MA, United States

The objective of this study was to evaluate concussion-like symptom reporting
among uninjured adolescents with Attention-deficit/hyperactivity disorder (ADHD),
stratified by several cooccurring conditions, and to examine the base rate and
predictors of uninjured adolescents with ADHD meeting diagnostic criteria for the
International Classification of Diseases, 10th Revision (ICD-10) post-concussional
syndrome (PCS). Participants in this cross-sectional, observational study, were drawn
from a cohort of 48,834 adolescent student athletes from Maine (ages 13-18) with
no concussion in the past 6 months who completed a preseason, baseline testing
program between 2009 and 2015. The final sample included 3,031 students with
ADHD, 2,146 (70.8%) boys and 885 (29.2%) girls. They were 15.2 years old on
average (SD = 1.3). Concussion-like symptom reporting was more common in girls
than boys. Most students with ADHD reported one or more symptoms (69.3% of
boys and 81.1% of girls). The presence of an additional, co-occurring condition or
comorbidity was associated with increased symptom reporting. In the absence of a
recent concussion, 28.8% percent of boys and 47.1% of girls with ADHD endorsed
symptoms resembling an ICD-10 diagnosis of post-concussional syndrome (PCS).
Adolescents with pre-existing conditions were even more likely to endorse symptoms
that resembled PCS (28-47% of boys and 45-69% of girls). Prior treatment for a
psychiatric condition was the strongest independent predictor for meeting PCS criteria
in boys, followed by treatment for migraines and co-occurring learning disorder. For
girls, the only independent predictor was prior treatment of a psychiatric condition. In
uninjured adolescent student athletes, ADHD appears to mimic the post-concussion
syndrome. Adolescents with ADHD commonly endorse concussion-like symptoms
in the absence of a recent concussion. Demographic characteristics (sex) and
the presence of co-occurring conditions are related to symptom reporting in
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adolescents with ADHD. Understanding factors associated with baseline symptom
reporting, such as pre-existing ADHD, is important when evaluating youth who have
persistent symptoms following concussion as well as making both return to school and

return to athletics decisions.

Keywords: concussion, mild traumatic brain injury, pediatrics, assessment, symptoms

INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a common
neurodevelopmental disorder, occurring in roughly 10% of
children and adolescents (1), or more than 5 million youth
in the United States (2). Children and adolescents with
ADHD often seek care through their primary care physician
(PCP)/pediatrician. In fact, pediatricians are the most common
health care provider to make a first diagnosis of ADHD
(3) and are the sole treatment provider for about 42% of
youth with ADHD (4). Participation in sports and engaging
in physical exercise can have positive effects on youth with
ADHD. For example, children with ADHD who participate
in a greater number of sports exhibit lower levels of anxiety
and depressive symptoms compared to children with ADHD
who participate in fewer or no sports (5). Also, even a
single, brief period of aerobic exercise can lead to improved
inhibitory control and reaction time in children with ADHD
(6). Participation in sports, however, carries an inherent risk for
injury, including concussion.

It has been estimated that 33 million children worldwide
sustain a concussion annually (7). In the United States,
an estimated 1.1-1.9 million sports- and recreation-related
concussions occur each year (8). Pediatrician offices represent
the most common initial point of care following concussions,
as 82% of patients sought their initial concussion care within a
primary care setting compared to 12% who presented initially to
an emergency department or urgent care setting (9). Moreover, a
study of trends in ambulatory care for children with concussion
noted a nearly 500% increase in PCP visits for concussion
from 2007 to 2013, compared to a 42% increase in emergency
department visits for this injury (10). In a recent survey of
pediatricians, half (50%) reported treating six or more concussed
patients over the past year and essentially all of them (99%)
reported treating at least one concussed patient over that
time (11).

Physicians and other health care providers use symptom
questionnaires as part of their diagnostic evaluation, to monitor
clinical recovery, and to inform return to activity decision
making (12). A challenge many providers face is that concussion
symptoms are non-specific, which complicates the interpretation
of symptom questionnaires—especially when a youth has
prolonged symptoms and other health conditions or life stressors
that can be contributing to the symptoms. This appears especially
true for pediatric patients with ADHD. Youth with ADHD
endorse many concussion-like symptoms in their daily lives, in
the absence of recent head trauma (13-15). In a large study
examining symptom reporting among uninjured adolescent
athletes, those with ADHD endorsed considerably more physical,

emotional, and cognitive symptoms than those without ADHD
(14). In fact, nearly one-third of uninjured boys (31.5%) and one-
half of uninjured girls (52.6%) with ADHD endorsed symptoms
across a number of domains of functioning and would meet
International Classification of Diseases, 10th Revision (ICD-10)
symptom criteria for post-concussional syndrome (PCS) (14),
a condition marked by a variety of physical/somatic, cognitive,
sleep, and emotional symptoms associated with a brain injury
(16). Also of note, the presence of comorbid learning disorder
increased the likelihood that youth with ADHD met criteria for
PCS in the absence of recent injury (14). Thus, the presence
of co-occurring conditions is highly relevant when considering
symptom reporting among youth with ADHD.

For clinicians treating adolescents with ADHD who sustain
a concussion, understanding factors associated with baseline
symptom reporting is important when determining recovery
from the injury as well as making decisions regarding return to
school and return to sports. The goal of this study was to examine
symptom reporting among uninjured adolescents with ADHD
using a statewide dataset of over 48,000 student athletes. We
sought to extend prior work in this area by stratifying symptom
reporting among youth with ADHD by the presence or absence of
several potentially important co-occurring health conditions. We
hypothesized that many adolescents with ADHD would report
concussion-like symptoms in the absence of recent injury, and
that demographic factors (e.g., female sex) and co-occurring
health conditions (e.g., learning disorders, history of treatment
of psychiatric conditions, history of treatment for migraines, and
multiple prior concussions) would be associated with greater
baseline symptom reporting.

METHODS

Participants

Participants in this multi-year, cross-sectional, descriptive study
were drawn from a cohort of 48,834 adolescent student athletes
from Maine, USA, between the ages of 13 and 18 (M = 15.0, SD
= 1.3 years), who completed baseline preseason testing with the
Immediate Post-Concussion Assessment and Cognitive Testing
(ImPACT®) (17) between 2009 and 2015. There were 26,736
(54.7%) boys and 22,098 girls (45.3%). Students were excluded
if (i) they reported sustaining a concussion within the past 6
months (n = 1,207); (ii) they reported a history of treatment for
epilepsy/seizures (n = 495) or meningitis (n = 201), or reported
undergoing brain surgery (n = 102); or (iii) they completed the
test in a language other than English (n = 814). Of the remaining
46,125 eligible adolescents (94.4% of the original sample), 3,031
self-reported having ADHD (6.6% of the eligible sample) and
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represent the final sample for this study. The adolescents with
ADHD included 2,146 (70.8%) boys and 885 (29.2%) girls.
They were 15.2 years old on average (SD = 1.3). Adolescents
completed IMPACT® prior to participating in their first sport
for that school year. Institutional review board approval to create
and use this de-identified database was obtained from Colby
College (primary) and from Spaulding Rehabilitation Hospital
(secondary use).

Measures

A demographics and health history survey is embedded in
ImPACT, a computerized neuropsychological screening battery
designed for use in sport concussion programs (17). The
health history survey asked the student whether he or she
has “had problems with ADD/hyperactivity,” been diagnosed
with a learning disability, received special education services, or
repeated a grade. These questions require a yes or no response.
The health history survey also asks about the number of times
the student has been diagnosed with a concussion as well as about
past treatment for headaches, migraines, epilepsy, brain surgery,
meningitis, substance use, or a psychiatric condition (e.g., anxiety
or depression). Athletes can enter the names of medications they
are taking in an open text field in the health survey; self-reported
medication status was not analyzed in this study.

The Post-Concussion Symptom Scale (18, 19) is a component
of ImPACT. This standardized self-report questionnaire includes
22 symptoms (see Tables 1, 2) that are rated from zero to six
in terms of severity, with one or two reflecting “mild,” three
or four reflecting “moderate,” and five or six reflecting “severe”
problems with a given symptom. The internal consistency of the
scale ranges from 0.88 to 0.94 in high school and college students,
and 0.92 to 0.93 in concussed athletes (19). Students completed
the Post-Concussion Symptom Scale independently.

Statistical Analyses

We dichotomized the Post-Concussion Symptom Scale based
on the ICD-10 symptom criteria for PCS. Namely, to meet
ICD-10 PCS criteria, participants must endorse at least one
symptom in at least three of the following categories: cognitive,
somatic, emotional, and insomnia. Assignment of the specific
symptoms to the respective category is denoted with superscripts
in Tables 1, 2. The purpose of this study was to examine factors
related to PCS-like symptom reporting in the absence of recent
head trauma, so we did not apply the ICD-10 PCS criterion
pertaining to head trauma history. Because the ICD-10 does not
specify a threshold for symptom endorsement, we created more
and less stringent versions. For “PCS-mild,” a rating of “mild”
severity (i.e., item rating of one or greater on the Likert scale)
was considered as symptom endorsement. Thus, a severity rating
of one of greater for at least one symptom in at least three
of the four categories would qualify a participant as meeting
criteria for PCS-mild. Item ratings of at least “moderate” severity
(i.e., three or greater) were considered as symptom endorsement
toward a “PCS-moderate” classification. In other words, a severity
rating of three or greater for at least one symptom in at least
three categories would qualify a participant as meeting criteria
for PCS-moderate.

Logistic regression was used to determine which covariates
were associated with symptom reporting, using PCS-mild as
the dichotomous outcome variable to maximize the ratio of
participants with each outcome category to the number of
covariates. Separate regressions were conducted for boys and
girls. The following co-morbid conditions were included as
covariates: learning disability (LD), prior special education
services or having repeated a grade (Academic Problems),
number of prior concussions (Prior Concussions), prior
treatment for migraines, prior treatment for substance abuse, and
prior treatment for a psychiatric condition. All covariates were
entered in a single step for each model. Age was not included
as a covariate because symptom reporting varies little across this
narrow age range of adolescents (20).

RESULTS

The percentages of student athletes with ADHD who endorsed
individual symptoms, stratified by gender, pre-existing health
conditions, and concussion history, are presented in Tables 1,
2. Most adolescents with ADHD (69.3% of boys and 81.1% of
girls) reported one or more symptoms. The most commonly
reported symptoms in boys with ADHD were difficulty
concentrating (38.4%), fatigue (28%), sleeping less than usual
(25.7%), trouble falling asleep (22.5%), nervousness (19.1%),
drowsiness (18.6%), headaches (18.3%), and irritability (17.9%).
The most commonly reported symptoms in girls with ADHD
were difficulty concentrating (51.8%), trouble falling asleep
(39.7%), nervousness (38.8%), sleeping less than usual (35.8%),
feeling more emotional (35.7%), fatigue (33.4%), sadness (32.9%),
irritability (30.8%), and headaches (30.3%). Adolescents with
ADHD who had additional pre-existing conditions, such as
prior treatment for a psychiatric condition, prior treatment for
migraine, or a history of treatment for substance abuse, endorsed
considerably more physical, emotional, and cognitive symptoms
compared to adolescents with ADHD only.

Fisher’s exact tests were conducted to compare rates of
individual symptom endorsement between adolescents with
ADHD and another pre-existing condition compared to those
without the pre-existing condition (see Tables 1, 2). In both
boys and girls with ADHD, having a history of treatment for
a psychiatric condition was associated with higher odds of
endorsing every individual symptom, except for “vomiting.” For
student athletes with ADHD who reported no other pre-existing
condition (i.e., they have ADHD only), the odds of endorsing
every individual symptom were lower than student athletes who
reported having any additional pre-existing condition, except for
“vomiting” and “numbness and tingling” in girls.

A substantial proportion of boys (28.8%) and girls (47.1%)
with ADHD endorsed a cluster of symptoms similar to ICD-
10 symptom criteria for PCS-mild (see Figure 1), and 8.6% of
boys and 22.1% of girls with ADHD met ICD-10 symptom
criteria for PCS-moderate. Moreover, a sizable proportion of
subgroups of boys with ADHD who also had a history of
treatment for substance abuse (47.1%), a psychiatric condition
(45.7%), or migraines (43.2%); three or more prior concussions
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TABLE 1 | Percentages of boys with ADHD endorsing individual symptoms on the Post-Concussion Scale, stratified by pre-existing health condition and

concussion history.

Concussion history

All boys No other Learning Academic Migraine Psych. Substance None 1 2 3+
with pre-existing disability problems Tx Hx Tx Hx
ADHD condition

n=2146 n =709 n =408 n =635 n =190 n =414 n=70 n=1601 n=315 n=119 n=74
Headache? 18.3 13.5** 18.6 18.9 34.7* 23.7** 214 17.2 181 25.2* 31.1*
Vomiting 3.7 2.1* 4.2 5.7 7.4%* 4.8 2.9 3.9 1.9 4.2 6.8
Nausea? 4.3 2.1 6.6* 6.5** 9.5** 7.2%* 8.6 4.4 2.2 5.9 9.5
Balance problems?® 6.3 2.1 7 9.1 10.5* 10.1** 12.9* 5.7 6.3 101 13.5*
Dizziness? 8.6 5.4** 1.0 10.9* 14.7** 11.4* 71 8.5 7.3 101 13.5
Trouble falling asleep® 28.0 22,7 30.4 29.6 33.7 42.3** 45.7** 27.9 27 28.6 324
Fatigue® 22,5 17.8* 25.7 21.3 29.5* 30.4** 31.4 21 25.4 21.0 39.2**
Sleeping more than 10.5 6.9 12 11.8 10.5 14.3** 10.0 10.2 13.3 9.2 5.4
usual
Sleeping less than 25.7 22.1* 31.1** 27.9 30.0 35.0** 38.6* 249 26 31.1 324
usual®
Sensitivity to light® 12.4 8.9 14.2 13.9 20.5** 15.2* 12.9 111 13.7 14.3 21.6*
Drowsiness 18.6 141 20.1 20.0 26.8** 32.4* 35.7** 18.1 19.0 16.0 36.5**
Sensitivity to noise® 7.8 4.5 8.8 9.8* 15.3** 12.8** 10.0 71 9.8 8.4 10.8
Irritability® 17.9 11.3* 22.1* 21.9** 23.7* 33.8** 34.3** 17.5 17.8 22.7 21.6
Nervousness® 191 11.3* 28.4** 24.9** 28.4** 36.7** 28.6 17.9 22,2 24.4 21.6
Sadness® 16.7 8.9** 24.0* 22.0** 20.0 31.6** 31.4** 14.9 16.8 17.6 17.6
Feeling more emotional® 13.7 7.6 18.9** 16.9** 21.1** 27.8** 20.0 12.9 14.6 19.3 14.9
Numbness or tingling 51 3.4* 7.1 7.4%* 8.9 8.0** 4.3 5.0 54 6.7 41
Feeling mentally 10.9 6.3 13.7* 13.7** 13.2 19.6** 30.0** 10.1 1.4 13.4 14.9
“Foggy™®
Feeling slowed down 1.4 7.4 15.0* 13.9* 17.9** 18.4** 15.7 10.9 1.4 12.6 16.2
Difficulty concentrating® 38.4 31.0** 43.6* 40.8* 44.7* 50.0** 55.7** 38.5 34.0 46.2 40.5
Difficulty remembering® 16.6 1.7 23.3** 19.1* 18.4 25.1** 30.0** 16.8 13.3 17.6 25.7
Visual problems 9.0 6.2 9.8 11.5 15.3** 15.0** 71 8.9 7.6 10.1 16.2
No symptoms 30.7 37.9* 27.2 28.5 25.3 15.2*%* 18.6* 31.4 29.2 24.4 27.0
Post-concussion scale
Mean 7.3 4.6 9.9 8.9 11.5 12.7 12.2 6.9 7.2 8.9 1.9
Median 3.0 2.0 6.0 4.0 8.0 8.0 8.5 3.0 4.0 5.0 7.0
SD 10.6 6.9 12.6 12.4 13.1 14.2 121 10.3 10.0 1.1 14.2
25th percentile 0.0 0.0 0.0 0.0 0.0 3.0 3.0 0.0 0.0 1.0 0.0
75th percentile 10.0 6.0 14.0 12.0 17.0 19.0 17.3 9.0 10.0 13.0 16.5
90th percentile 20.0 14.0 27.0 26.0 30.9 30.0 28.9 19.0 19.0 26.0 33.5

All values are percentages endorsing the symptom as mild or greater. Symptoms endorsed by 20% or more of each group are bolded.

ADHD, Attention Deficit Hyperactivity Disorder; Tx, Treatment; Hx, History.

Symptoms counted toward each criterion for ICD-10 Post-concussional Syndrome: @Category 1 (physical) symptoms, ?Category 2 (emotional) symptoms, Category 3 (cognitive)

symptoms, 9Category 4 (insomnia).

For all conditions, except for having no other pre-existing condition, all odds were greater for boys with the pre-existing condition compared to boys without that pre-existing condition,
except for having no symptoms. For boys with no other pre-existing condition, all odds were less than boys with any pre-existing condition, except for having no symptoms.
“signifies statistical significance at the 0.05 level, " signifies significance at the 0.01 level (Fisher’s Exact Test).

(39.2%); or a co-occurring learning disability (36.0%) endorsed
a cluster of symptoms consistent with PCS-mild. Similarly, high
rates of PCS-mild were present in girls with ADHD who also
have a history of treatment for migraines (63.7%), a psychiatric
condition (62.9%), or substance abuse (64.3%); three or more
prior concussions (69.0%); or a co-occurring learning disability
(56.8%). Of note, among adolescents with ADHD who did not

have any of the pre-existing conditions (i.e., they have ADHD
only; n = 941), the frequency of PCS-mild was 20.5% for boys and
34.1% for girls; the frequency of PCS-moderate was only 4.9% for
boys and 8.4% for girls.

Six predictor variables (listed in Table 3) were entered in
a logistic regression for boys and five predictors (listed in
Table 4) were entered for girls, with PCS-mild classification as
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TABLE 2 | Percentages of girls with ADHD endorsing individual symptoms on the Post-Concussion Scale, stratified by pre-existing health condition and

concussion history.

Concussion history

All girls No other Learning Academic Migraine Psych. Substance None 1 2 3+
with pre-existing disability problems Tx Hx Tx Hx

ADHD condition

n =885 n =299 n =190 n =185 n=91 n =294 n=14 n=710 n =106 n=27 n=29
Headache? 30.3 21.7* 37.9* 34.6 56.0** 39.8** 42.9 27.9 36.8 51.9* 48.3*
Vomiting 4.4 2.7 4.2 4.9 7.7 6.1 71 4.4 3.8 3.7 6.9
Nausea? 10.7 B.7** 13.7 18.9 18.7* 15.6* 14.3 9.3 17.0* 22.2* 17.2
Balance problems? 14.5 9.0** 18.4 16.8 26.4** 21.1** 42.9** 13.1 17.9 22.2 31.0*
Dizziness? 17.7 12.7** 24.2* 19.5 27.5* 24.8** 28.6 16.3 23.6 29.6 27.6
Trouble falling asleep® 39.7 30.4** 44.7 42.2 50.5 51.7** 50.0 38.0 48.1 48.1 48.3
Fatigue® 33.4 23.1** 38.4 36.2 37.4 44.6** 35.7 31.5 35.8 40.7 58.6**
Sleeping more than 1.2 8.0* 8.9 12.4 17.6 18.4** 14.3 10.7 156.1 1.1 10.3
usual
Sleeping less than 35.8 28.1** 39.5 38.9 429 43.9** 429 34.8 38.7 44.4 414
usual®
Sensitivity to light® 20.8 13.7* 27.4* 23.8 34.1* 27.6** 214 19.6 21.7 37.0* 27.6
Drowsiness 26.2 15.1** 34.2** 314 36.3* 36.1** 42.9 245 30.2 40.7 37.9
Sensitivity to noise® 16.4 10.0** 20.5 17.3 23.1 25.2** 71 16.3 12.3 22.2 27.6
Irritability® 30.8 18.1** 35.8 38.4* 37.4 49.0** 64.3* 29.2 31.1 40.7 65.5**
Nervousness® 38.8 28.8** 46.3* 45.9* 56.0** 55.8** 50.0 40.0 28.3* 37.0 55.2
Sadness® 329 16.7** 40.5* 42.2** 48.4** 53.1** 57.1 31.3 35.8 40.7 48.3
Feeling more emotional® 35.7 23.4** 47.4** 42.2* 49.5** 52.7** 50.0 34.6 37.7 37.0 51.7
Numbness or tingling 6.8 4.7 9.5 8.1 9.9 10.2* 28.6* 6.5 3.8 1141 20.7*
Feeling mentally 15.7 10.4** 15.8 16.2 23.1 25.2** 14.3 15.9 1.3 22.2 20.7
“Foggy™®
Feeling slowed down 17.3 9.7** 23.7* 22.7* 27.5* 26.2** 214 17.2 151 25.9 241
Difficulty concentrating® 51.8 45.8** 56.8 54.6 62.6* 61.9** 78.6 51.0 49.1 66.7 69.0
Difficulty remembering® 22.5 15.4** 33.7** 34.1** 28.6 31.0** 35.7 22.3 20.8 29.6 34.5
Visual problems 15.8 8.0%* 21.6* 23.2** 28.6** 25.2** 50.0* 14.6 15.1 22.2 41.4**
No symptoms 18.9 27.1** 15.3 14.6 12.1 10.9** 0.0 20.7 14.2 7.4 0.0
Post-concussion scale
Mean 13.3 7.6 16.4 16.6 20.7 21.0 22.2 12.6 14.2 17.0 24.3
Median 7.0 4.0 12.0 1.0 19.0 18.0 21.0 7.0 8.0 10.0 21.0
SD 15.4 10.6 15.4 16.5 18.5 18.4 15.1 14.9 16.1 16.5 19.7
25th percentile 2.0 0.0 3.0 4.0 6.0 4.8 9.0 1.0 2.8 4.0 10.5
75th percentile 20.0 10.0 27.0 25.0 31.0 32.0 34.0 19.0 20.3 25.0 34.0
90th percentile 35.0 21.0 37.9 39.2 46.0 47.0 47.0 33.0 35.9 44.4 49.0

All values are percentages endorsing the symptom as mild or greater. Symptoms endorsed by 20% or more of each group are bolded.

ADHD, Attention Deficit Hyperactivity Disorder; Tx, Treatment; Hx, History.

Symptoms counted toward each criterion for ICD-10 Post-concussional Syndrome: @Category 1 (physical) symptoms, ?Category 2 (emotional) symptoms, Category 3 (cognitive)

symptoms, 9Category 4 (insomnia).

For all conditions, except for having no other pre-existing condition, all odds were greater for girls with the pre-existing condition compared to girls without that pre-existing condition,
except for having no symptoms. For girls with no other pre-existing condition, all odds were less than girls with any pre-existing condition, except for having no symptoms.
*signifies statistical significance at the 0.05 level, " signifies significance at the 0.01 level (Fisher’s Exact Test).

the dichotomous outcome (prior treatment for substance abuse
was omitted from the model for girls because there were only five
non-events in girls with a history of substance abuse treatment;
i.e,, only five girls did not meet the PCS-mild criteria). The
logistic regression was conducted with 1,852 boys [excluding
294 (13.7%) with at least one missing data point] and 762 girls
[excluding 123 (13.9%) with at least one missing data point]. We

examined the sources of missing data and compared participants
with complete data (and who therefore were included in the
logistic regression analysis) vs. those with incomplete data.
Most excluded boys and girls were missing multiple data points
(median = four missing items), typically the treatment history
variables (e.g., history of treatment for a psychiatric condition
or substance use). Boys excluded from the analysis were more
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likely to meet PCS-mild criteria (36.1 vs. 27.6%; x%l) =8.75p
= 0.003) and were more likely to report having never sustained a
prior concussion [88.7 vs. 74.1%; xé) = 26.24, p < 0.001]. Girls
who were excluded had a similar rate of PCS-mild classification
(41.5 vs. 48%) and a similar rate of having never sustained a
prior concussion (80.8 vs. 85.5%) compared to girls included in
the model.

For boys, the logistic regression model was statistically
significant (p < 0.001) and well-calibrated (Hosmer and
Lemeshow, p = 0.68). Measures of discrimination suggested
modest prediction accuracy (Nagelkerke R* = 0.068; area
under the receiver operating curve (AUC) = 0.62, p < 0.001,
i.e,, better than chance but poor for classifying individual
cases). For girls, the logistic regression model was also
statistically significant (p < 0.001) and well-calibrated (Hosmer
and Lemeshow p = 0.55). Measures of discrimination again
suggested modest prediction accuracy (Nagelkerke R* = 0.085;
AUC = 0.64, p < 0.001).

As seen in Table3 for boys and Table4 for girls, all
covariates except for prior concussions in boys had a significant
relationship with PCS classification when considered in
univariate models. In the adjusted model for boys, the
significant predictors (in descending order based on odds
ratios) were: past treatment for a psychiatric condition,
treatment for migraines, and co-occurring LD. In the adjusted
model for girls, treatment for a psychiatric condition was
the only significant predictor of meeting criteria for PCS.
Bootstrapping was performed to assess risk of model over-
fitting for the adjusted models. All results from the adjusted
bootstrapped model were consistent with results from the
adjusted model.

DISCUSSION

This is the largest study to date examining concussion-like
symptom reporting among uninjured adolescent athletes with
ADHD. Using a dataset of over 48,000 adolescent student
athletes, we studied symptom reporting among more than 3,000
adolescents with self-reported ADHD. Because only a small
percentage of student athletes have ADHD, massive numbers
of students must be monitored to study adequate sample sizes
and to allow for stratification of youth with ADHD by multiple
co-occurring health conditions, as we were able to do here.
Consistent with our hypotheses, we found that most student
athletes with ADHD endorse concussion-like symptoms during
baseline, preseason assessment, in the absence of recent injury.
Girls and adolescents with ADHD who also reported additional,
co-occurring problems and conditions (e.g., prior treatment for a
psychiatric condition or migraines) reported greater symptoms.
Moreover, a substantial proportion of adolescents with ADHD
endorsed a combination of physical, emotional, cognitive, and
sleep-related symptoms that resemble an ICD-10 diagnosis of
PCS (see Figure1). Boys with co-occurring learning disorder
as well as those with prior treatment for migraines and prior
treatment for a psychiatric condition were more likely to meet
criteria for PCS. For girls, only prior treatment for a psychiatric
condition was independently associated with increased odds of
meeting criteria for PCS.

Prior treatment for a psychiatric condition had the largest
effect size with regard to symptom reporting among both boys
and girls with ADHD. This was also the case when considering
the broader population of adolescents, not just those with
ADHD (14). The pattern of symptoms endorsed by adolescents
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TABLE 3 | Logistic regression predicting mild ICD-10 post-concussional syndrome for boys with ADHD.

Unadjusted Adjusted Bootstrapped
Odds ratio (CI) Odds ratio (CI) Odds ratio (Cl) % with mild ICD-10

post-concussional syndrome

LD 1.63 (1.28-2.09)** 1.41 (1.07-1.86)" 1.41 (1.06-1.89)* LD absent: 27.1%
LD present: 36.0%

Academic problems 1.30 (1.05-1.62)** 1.03 (0.81-1.32) 1.03 (0.81-1.33) Academic problems absent: 27.6%
Academic problems present: 31.7%

Prior concussions 1.10(0.97-1.26) 0.99 (0.87-1.14) 0.99 (0.87-1.13) 0:28.2%
1:28.6%
2:28.6%
3+:39.2%

Tx for migraines 2.08 (1.49-2.90)* 1.91 (1.35-2.69)* 1.91 (1.33-2.68)* Migraine tx hx absent: 26.4%
Migraine tx hx: present: 43.2%

Tx for substance abuse 2.29 (1.37-3.83)"* 1.59 (0.92-2.71) 1.59 (0.88-2.80) Substance abuse tx hx absent: 27.3%
Substance abuse tx hx: present: 47.1%

Tx for psych. condition 2.70 (2.12-3.42)* 2.44 (1.91-3.12)* 2.44 (1.93-3.17)* Psych. condition tx hx absent: 23.6%

Psych. condition tx hx: present: 45.7%

Cl, 95% confidence interval; LD, Learning disability; ADHD, Attention Deficit Hyperactivity Disorder; Tx, Treatment.

Symptom ratings were derived from the Post-Concussion Symptom Scale, a dimensional scale that includes 22 items that are rated from zero to six, with 1-2 being mild, 3—4 being
moderate, and 5-6 being severe. No athlete reported sustaining a concussion in the past 6 months. Therefore, these percentages should be considered the rates of presumed
false positive diagnoses of mild post-concussional syndrome (however, it is possible that some of the athletes with a history of concussion could be conceptualized as true positive
diagnoses—this is unknowable, however, because these are preseason survey data). To meet diagnostic criteria, the student must endorse one or more symptoms in 3 out of 4 symptom
domains: Physical Symptoms (headache, dizziness, balance problem, noise sensitive, light sensitive, and/or fatigue), Emotional Symptoms (irritability, sadness, nervousness, and/or
feeling more emotional), Cognitive Symptoms (poor concentration, poor memory, and/or feeling mentally foggy), and Insomnia (trouble falling asleep and/or sleeping less than usual).
The symptom domain must have been endorsed as simply “present” (i.e., mild or greater symptoms) or as moderate or severe.

"signifies statistical significance at the 0.05 level, " signifies significance at the 0.01 level.

TABLE 4 | Logistic regression predicting mild ICD-10 post-concussional syndrome for girls with ADHD.

Unadjusted Adjusted Bootstrapped
Odds ratio (Cl) Odds ratio (Cl) Odds ratio (Cl) % with mild ICD-10

post-concussional syndrome

LD 1.69 (1.19-2.40)* 1.31 (0.89-1.94) 1.31 (0.84-1.99) LD absent: 44.5%
LD present: 56.8%

Academic problems 1.64 (1.156-2.32)* 1.31 (0.89-1.93) 1.31 (0.87-1.95) Academic problems absent: 44.6%
Academic problems present: 56.8%

Prior concussions 1.31 (1.06-1.61)* 1.15 (0.92-1.43) 1.15 (0.92-1.47) 0: 45.5%
1: 50.9%
2:51.9%
3+:69.0%

Tx for migraines 1.84 (1.14-2.98)* 1.35 (0.81-2.25) 1.35 (0.77-2.36) Migraine tx hx absent: 46.6%
Migraine tx hx: present: 63.7%

Tx for substance abuse (n too small to run) (not included in model) (not included in model) Substance abuse tx hx absent: 47.8%
Substance abuse tx hx: present: 64.3%

Tx for psych. condition 2.70 (1.98-3.69) 2.40 (1.74-3.31)"* 2.40 (1.77-3.36)* Psych. condition tx hx absent: 52.4%

Psych. condition tx hx: present: 62.9%

Cl, 95% confidence interval; LD, Learning disability; ADHD, Attention Deficit Hyperactivity Disorder; Tx, Treatment.

Symptom ratings were derived from the Post-Concussion Symptom Scale, a dimensional scale that includes 22 items that are rated from zero to six, with 1-2 being mild, 3-4 being
moderate, and 5-6 being severe. No athlete reported sustaining a concussion in the past 6 months. Therefore, these percentages should be considered the rates of presumed
false positive diagnoses of mild post-concussional syndrome (however, it is possible that some of the athletes with a history of concussion could be conceptualized as true positive
diagnoses—this is unknowable, however, because these are preseason survey data). To meet diagnostic criteria, the student must endorse one or more symptoms in 3 out of 4 symptom
domains: Physical Symptoms (headache, dizziness, balance problem, noise sensitive, light sensitive, and/or fatigue), Emotional Symptoms (irritability, sadness, nervousness, and/or
feeling more emotional), Cognitive Symptoms (poor concentration, poor memory, and/or feeling mentally foggy), and Insomnia (trouble falling asleep and/or sleeping less than usual).
The symptom domain must have been endorsed as simply “present” (i.e., mild or greater symptoms) or as moderate or severe.

“signifies statistical significance at the 0.05 level, " signifies significance at the 0.01 level.

with ADHD did not necessarily align with the particular pre-  a psychiatric condition selectively reported more emotional
existing condition in question. It was not the case, for example,  health-related symptoms, such as sadness and nervousness.
that participants with ADHD and a history of treatment for  Participants with ADHD and co-occurring health conditions,
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TABLE 5 | Normative ranges for post-concussion scale total symptom severity
score for girls with ADHD, stratified by pre-existing health condition and
concussion history.

TABLE 6 | Normative ranges for post-concussion scale total symptom severity
score for boys with ADHD, stratified by pre-existing health condition and
concussion history.

Reference group Classification

Reference group Classification

Broadly Above Unusually Broadly Above Unusually

normal normal high normal normal high
Al girls with ADHD 0-20 21-35 36+ All boys with ADHD 0-10 11-20 21+
No other pre-existing condition 0-10 11-21 22+ No other pre-existing condition 0-6 7-14 15+
Learning disability 0-27 28-37 38+ Learning disability 0-14 16-27 28+
Academic problems 0-25 26-39 40+ Academic problems 0-12 13-26 27+
Migraine 0-31 32-46 47+ Migraine 0-17 18-30 31+
Psych Tx Hx 0-32 33-47 48+ Psych Tx Hx 0-19 20-30 31+
Substance Tx Hx 0-34 35-47 48+ Substance Tx Hx 0-17 18-28 29+
No prior concussion 0-19 20-33 34+ No prior concussion 0-9 10-19 20+
1 prior concussion 0-20 21-35 36+ 1 prior concussion 0-10 11-19 20+
2 prior concussions 0-25 26-44 45+ 2 prior concussions 0-13 14-26 27+
3 or more prior concussions 0-34 35-49 50+ 3 or more prior concussions 0-16 17-33 34+

The “Broadly normal” scores fell at or below the 75th percentile. The “above normal”
scores fell between the 75th and 90th percentiles. The “unusually high” scores fell above
the 90th percentile.

and even participants with ADHD only (i.e., without additional
health conditions), endorsed a wide variety of symptoms across
emotional, cognitive, sleep, and physical/somatic domains. In
previous studies (14, 21) a positive association has been noted
between prior concussions and increased preseason, baseline
symptom reporting. Our study replicated this finding but
revealed that, among adolescents with ADHD, prior concussions
are not independently associated with symptom reporting.

The results of this study have implications regarding the
clinical care for youth with ADHD. In a recent survey, the
vast majority of pediatric primary care providers reported they
typically allow a patient to return to physical activity or sports
when they are completely asymptomatic (87% of respondents)
(11). Our results caution against such an approach because
many youth with ADHD are “symptomatic” in the absence of
head injury. These symptoms can be associated with stress (22),
feeling depressed (23), and insufficient sleep (24). Moreover,
some symptoms might be, to a certain degree, long standing
and dispositional for some student athletes. Waiting for complete
symptom resolution may delay an adolescent’s return to activities,
which might further complicate their recovery. In regard to
using the Post-Concussion Symptom Scale within ImPACT®
in clinical practice, this study provides normative data for
symptom reporting among youth with ADHD stratified by
sex and other pre-existing health conditions to help clinicians
interpret symptoms in student athletes with ADHD who sustain
a concussion.

The percentile ranks presented in Tables3, 4 can be
considered thresholds for clinical interpretation. We provide
normative lookup tables for girls (Table 5) and boys (Table 6)
with ADHD based on the percentile ranks. For these tables,
scores that fell at or below the 75th percentile were considered
“Broadly normal;” scores that fell between the 75th and 90th
percentiles were considered “above normal;” and scores that fell

The “Broadly normal” scores fell at or below the 75th percentile. The “above normal”
scores fell between the 75th and 90th percentiles. The “unusually high” scores fell above
the 90th percentile.

above the 90th percentile were considered “unusually high.” In
clinical practice, if a girl with ADHD and no other comorbidities
completed the PCS and obtained a score of 22 (see Table 5), that
could be considered a significantly elevated result (i.e., above the
90th percentile and in the Unusually High range). In contrast, if
a girl with ADHD also had prior treatment for migraines, prior
treatment for a psychiatric condition, or a learning disability, a
PCS score of 22 falls within the broadly normal range (i.e., below
the 75th percentile). Similarly, for a boy with ADHD and no other
conditions or prior injuries (see Table 6), a PCS score of 15 is
“unusually high,” whereas for a boy with ADHD who also has a
prior history of migraine or treatment for a psychiatric condition
this score would be in the broadly normal range.

This study has several limitations. First, ADHD status and
all other health history variables were determined via adolescent
self-report. We were not able to verify this information through
parent corroboration or medical chart review. With that said,
self-reported health history information may be the only source
available for school-based preseason testing and rapid screening
assessments in certain clinical situations. Moreover, a prior study
illustrated that adolescents who undergo baseline testing twice,
separated by an average of 2 years, are highly consistent in
reporting a personal history of ADHD (25). Second, there are
multiple challenges regarding the identification and classification
of pediatric PCS (26). We applied the ICD-10 criteria but several
sets of diagnostic criteria for pediatric PCS have been proposed
and more research is needed to validate and refine these criteria
in children (16). Third, although our regression models identified
factors associated with baseline symptom reporting, they are not
sufficient to predict the presence or absence of meeting PCS
criteria in an individual athlete based on their sex and pre-
existing health conditions. Many other factors are associated with
symptom reporting in adolescents and young adults, such as life
stress (22) and insufficient sleep (24).
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In conclusion, many student athletes with ADHD and no
recent concussion, even those without any additional pre-
existing conditions, report a cluster of symptoms on baseline
assessment that resemble a mild version of the ICD-10 post-
concussional syndrome. Thus, ADHD appears to “mimic” the
post-concussional syndrome in many adolescents. This study
adds to a growing literature highlighting that concussion-
like symptoms are non-specific (27-29), and are frequently
reported by uninjured adolescents with ADHD (13, 14, 30-
32). Moreover, no prior study has stratified symptom reporting
among youth with ADHD based on several additional health
conditions. Having a co-occurring learning disorder as well as
prior treatment for a psychiatric condition or migraine were
associated with greater symptom reporting compared to youth
with ADHD and no other health conditions. The results of this
study emphasize that “asymptomatic” status after concussion
can be challenging to define (33), and may not always be a
reasonable goal in all young athletes, especially in youth with
ADHD. Health care providers evaluating youth with ADHD who
have slow recovery from a concussion are encouraged to carefully
and thoughtfully discuss current symptoms in the context of their
life and try to disentangle the extent to which they might be
related to lingering physiological problems due to concussion vs.
other factors.

DATA AVAILABILITY STATEMENT

The data analyzed in this study was obtained from the
Maine Concussion Management Initiative. Requests to

REFERENCES

1. Visser SN, Danielson ML, Bitsko RH, Holbrook JR, Kogan MD, Ghandour
RM, et al. Trends in the parent-report of health care provider-diagnosed
and medicated attention-deficit/hyperactivity disorder: United States,
2003-2011. J Am Acad Child Adolesc Psychiatr. (2014) 53:34-46 e32.
doi: 10.1016/j.jaac.2013.09.001

2. Bloom B, Jones LI, Freeman G. Summary health statistics for U.S. children:
National Health Interview Survey, 2012. In: Vital Health Statistics. Hyattsville,
MD: U.S. Department of Health and Human Services, Centers for Disease
Control and Prevention, Nation Center for Health Statistics (2013).

3. Visser SN, Zablotsky B, Holbrook JR, Danielson ML, Bitsko RH. Diagnostic
experiences of children with attention-deficit/hyperactivity disorder. National
Health Statistics Reports. No. 81. Hyattsville, MD: National Center for Health
Statistics (2015).

4. Anderson LE, Chen ML, Perrin JM, Van Cleave J. Outpatient visits and
medication prescribing for US children with mental health conditions.
Pediatrics. (2015) 136:e1178. doi: 10.1542/peds.2015-0807

5. Kiluk BD, Weden S, Culotta VP. Sport participation and anxiety
in children with ADHD. ] Atten Disord. (2009) 12:499-506.
doi: 10.1177/1087054708320400

6. Ludyga S, Brand S, Gerber M, Weber P, Brotzmann M, Habibifar F, et al.
An event-related potential investigation of the acute effects of aerobic and
coordinative exercise on inhibitory control in children with ADHD. Dev Cogn
Neurosci. (2017) 28:21-8. doi: 10.1016/j.dcn.2017.10.007

7. Davis GA, Anderson V, Babl FE, Gioia GA, Giza CC, Meehan W, et
al. What is the difference in concussion management in children as
compared with adults? A systematic review. Br ] Sports Med. (2017) 51:949.
doi: 10.1136/bjsports-2016-097415

access these datasets should be directed to Dr. Paul

Berkner, paul.berkner@colby.edu.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Colby College Institutional Review Board
(IRB). Written informed consent from the participants’ legal
guardian/next of kin was not required to participate in this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

NC, NS, and GI contributed conception and design of the
study. BM organized the database. NC and RS performed the
statistical analysis. NC wrote the first draft of the manuscript.
RS and GI wrote sections of the manuscript. All authors
contributed to manuscript revision, read and approved the
submitted version.

FUNDING

NC acknowledged the support from the Louis V.
Gerstner III Research Scholar Award. GI acknowledged
an  unrestricted  philanthropic ~ support  from  the
Mooney-Reed ~ Charitable =~ Foundation, Heinz =~ Family
Foundation, Spaulding Research Institute, and ImPACT®
Applications, Inc.

8. Bryan MA, Rowhani-Rahbar A, Comstock RD, Rivara F. Sports- and
recreation-related concussions in US youth. Pediatrics. (2016) 138:€20154635.
doi: 10.1542/peds.2015-4635

9. Arbogast KB, Curry AE, Pfeiffer MR, Zonfrillo MR, Haarbauer-Krupa J,
Breiding MJ, et al. Point of health care entry for youth with concussion
within a large pediatric care network. JAMA Pediatr. (2016) 170:e160294.
doi: 10.1001/jamapediatrics.2016.0294

10. Taylor AM, Nigrovic LE, Saillant ML, Trudell EK, Proctor MR, Modest
JR, et al. Trends in ambulatory care for children with concussion
and minor head injury from Eastern Massachusetts between 2007
and 2013. ] Pediatr. (2015) 167:738-44. doi: 10.1016/j.jpeds.2015.
05.036

11. Itriyeva K, Feinstein R, Carmine L. Pediatric provider’s attitudes and practices
regarding concussion diagnosis and management. Int ] Adolesc Med Health.
(2017) 31. doi: 10.1515/ijamh-2017-0070

12. McCrory P, Meeuwisse W, Dvordk J, Aubry M, Bailes J, Broglio S, et
al. Consensus statement on concussion in sport—the 5 th international
conference on concussion in sport held in Berlin, October 2016. Br J Sports
Med. (2017) 51:838-47. doi: 10.1136/bjsports-2017-097699

13. Elbin R], Kontos AP, Kegel N, Johnson E, Burkhart S, Schatz P. Individual
and combined effects of LD and ADHD on computerized neurocognitive
concussion test performance: evidence for separate norms. Arch Clin
Neuropsychol. (2013) 28:476-84. doi: 10.1093/arclin/act024

14. Iverson GL, Silverberg ND, Mannix R, Maxwell BA, Atkins JE,
Zafonte R, et al. Factors associated with concussion-like symptom
reporting in high school athletes. JAMA Pediatr. (2015) 169:1132-40.
doi: 10.1001/jamapediatrics.2015.2374

15. Brooks BL, Iverson GL, Atkins JE, Zafonte R, Berkner PD. Sex differences
and self-reported attention problems during baseline concussion testing.

Frontiers in Pediatrics | www.frontiersin.org

February 2020 | Volume 8 | Article 2


https://doi.org/10.1016/j.jaac.2013.09.001
https://doi.org/10.1542/peds.2015-0807
https://doi.org/10.1177/1087054708320400
https://doi.org/10.1016/j.dcn.2017.10.007
https://doi.org/10.1136/bjsports-2016-097415
https://doi.org/10.1542/peds.2015-4635
https://doi.org/10.1001/jamapediatrics.2016.0294
https://doi.org/10.1016/j.jpeds.2015.05.036
https://doi.org/10.1515/ijamh-2017-0070
https://doi.org/10.1136/bjsports-2017-097699
https://doi.org/10.1093/arclin/act024
https://doi.org/10.1001/jamapediatrics.2015.2374
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Cook et al.

ADHD Mimics the Post-concussion Syndrome

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Appl Neuropsychol Child. (2016) 5:119-26. doi: 10.1080/21622965.2014.10
03066

Barlow KM. Postconcussion syndrome: a review. ] Child Neurol. (2016)
31:57-67. doi: 10.1177/0883073814543305

ImPACT Applications Inc. Immediate Post-Concussion Assessment and
Cognitive Testing (ImPACT®) Test: Technical Manual. Pittsburgh, PA:
ImPACT Applications, Inc. (2011).

Lovell MR, Collins MW. Neuropsychological
college football player. ] Head Trauma Rehabil.
doi: 10.1097/00001199-199804000-00004

Lovell MR, Iverson GL, Collins MW, Podell K, Johnston KM, Pardini D, et
al. Measurement of symptoms following sports-related concussion: reliability
and normative data for the post-concussion scale. Appl Neuropsychol. (2006)
13:166-74. doi: 10.1207/s15324826an1303_4

Valovich McLeod TC, Bay RC, Lam KC, Chhabra A. Representative baseline
values on the Sport Concussion Assessment Tool 2 (SCAT2) in adolescent
athletes vary by gender, grade, and concussion history. Am ] Sports Med.
(2012) 40:927-33. doi: 10.1177/0363546511431573

Brooks BL, McKay CD, Mrazik M, Barlow KM, Meeuwisse WH, Emery CA.
Subjective, but not objective, lingering effects of multiple past concussions in
adolescents. ] Neurotrauma. (2013) 30:1469-75. doi: 10.1089/neu.2012.2720
Balasundaram AP, Athens ], Schneiders AG, McCrory P, Sullivan SJ.
Psychological and lifestyle factors that influence the serial reporting of
postconcussion-like symptoms in a non-concussed population. PM R. (2017)
9:866-73. doi: 10.1016/j.pmr;j.2017.01.004

Covassin T, Elbin RJ 3rd, Larson E, Kontos AP. Sex and age differences
in depression and baseline sport-related concussion neurocognitive
performance and symptoms. Clin ] Sport Med. (2012) 22:98-104.
doi: 10.1097/JSM.0b013e31823403d2

Silverberg ND, Berkner PD, Atkins JE, Zafonte R, Iverson GL. Relationship
between short sleep duration and preseason concussion testing. Clin ] Sport
Med. (2016) 26:226-31. doi: 10.1097/JSM.0000000000000241

Wojtowicz M, Iverson GL, Silverberg ND, Mannix R, Zafonte R, Maxwell B,
et al. Consistency of self-reported concussion history in adolescent athletes. J
Neurotrauma. (2017) 34:322-7. doi: 10.1089/neu.2016.4412

Davis GA. Neurological outcomes. In: Kirkwood MW and Yeates KO, editors.
Mild Traumatic Brain Injury in Children and Adolescents: From Basic Science
to Clinical Management. New York, NY: The Guilford Press (2012). p. 99-123.
Gouvier WD, Cubic B, Jones G, Brantley P, Cutlip Q. Postconcussion
symptoms and daily stress in normal and head-injured college populations.
Arch Clin Neuropsychol. (1992) 7:193-211. doi: 10.1093/arclin/7.3.193

Santa Maria MP, Pinkston JB, Miller SR, Gouvier WD. Stability of
postconcussion symptomatology differs between high and low responders and
by gender but not by mild head injury status. Arch Clin Neuropsychol. (2001)
16:133-40. doi: 10.1093/arclin/16.2.133

of the
13:9-26.

assessment
(1998)

29. Iverson GL, Lange RT. Examination of “Postconcussion-Like”
symptoms in a healthy sample. Appl Neuropsychol. (2003) 10:137-44.

doi: 10.1207/S15324826 AN1003_02

30. Zuckerman SL, Lee YM, Odom M], Solomon GS, Sills AK.
Baseline  neurocognitive ~ scores  in  athletes  with  attention
deficit-spectrum disorders and/or learning disability. ]
Neurosurg ~ Pediatr.  (2013)  12:103-9.  doi:  10.3171/2013.5.PEDS

12524

Collings LJ, Cook NE, Porter S, Kusch C, Sun J, Virji-Babul N, et al.
Attention-deficit/hyperactivity disorder is associated with baseline child
sport concussion assessment tool third edition scores in child hockey
players. Brain Inj. (2017) 31:1479-85. doi: 10.1080/02699052.2017.13
77351

Cook NE, Huang DS, Silverberg ND, Brooks BL, Maxwell B, Zafonte R, et
al. Baseline cognitive test performance and concussion-like symptoms among
adolescent athletes with ADHD: examining differences based on medication
use. Clin Neuropsychol. (2017) 31:1341-52. doi: 10.1080/13854046.2017.13
17031

Alla S, Sullivan SJ, McCrory P. Defining asymptomatic status following
sports concussion: fact or fallacy? Br ] Sports Med. (2012) 46:562-9.
doi: 10.1136/bjsm.2010.081299

31.

32.

33.

Conflict of Interest: GI serves as a scientific advisor for BioDirection, Inc., Sway
Operations, LLC, and Highmark, Inc. He has received research funding from
several test publishing companies, including ImPACT Applications, Inc., CNS
Vital Signs, and Psychological Assessment Resources (PAR, Inc.). He has received
research funding as a principal investigator from the National Football League,
and salary support as a collaborator from the Harvard Integrated Program to
Protect and Improve the Health of National Football League Players Association
Members. RZ has received salary support from the Harvard Integrated Program to
Protect and Improve the Health of National Football League Players Association
Members. RZ serves on the Scientific Advisory Board of Myomo, Oxeia Pharma,
and EIMInda.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2020 Cook, Sapigao, Silverberg, Maxwell, Zafonte, Berkner and Iverson.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

10

February 2020 | Volume 8 | Article 2


https://doi.org/10.1080/21622965.2014.1003066
https://doi.org/10.1177/0883073814543305
https://doi.org/10.1097/00001199-199804000-00004
https://doi.org/10.1207/s15324826an1303_4
https://doi.org/10.1177/0363546511431573
https://doi.org/10.1089/neu.2012.2720
https://doi.org/10.1016/j.pmrj.2017.01.004
https://doi.org/10.1097/JSM.0b013e31823403d2
https://doi.org/10.1097/JSM.0000000000000241
https://doi.org/10.1089/neu.2016.4412
https://doi.org/10.1093/arclin/7.3.193
https://doi.org/10.1093/arclin/16.2.133
https://doi.org/10.1207/S15324826AN1003_02
https://doi.org/10.3171/2013.5.PEDS12524
https://doi.org/10.1080/02699052.2017.1377351
https://doi.org/10.1080/13854046.2017.1317031
https://doi.org/10.1136/bjsm.2010.081299~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Attention-Deficit/Hyperactivity Disorder Mimics the Post-concussion Syndrome in Adolescents
	Introduction
	Methods
	Participants
	Measures
	Statistical Analyses

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


