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Researchers operationalize persistent post-concussion symptoms in children and adolescents using varied definitions. Many pre-existing conditions, personal characteristics, and current health issues can affect symptom endorsement rates in the absence of, or in combination with, a recent concussion, and the use of varied definitions can lead to differences in conclusions about persistent symptoms and recovery across studies. This study examined how endorsement rates varied by 14 different operational definitions of persistent post-concussion symptoms for uninjured boys and girls with and without pre-existing or current health problems. This cross-sectional study included a large sample (age range: 11–18) of girls (n = 21,923) and boys (n = 26,556) without a recent concussion who completed the Post-Concussion Symptom Scale at preseason baseline. Endorsements rates varied substantially by definition, health history, and current health issues. The most lenient definition (i.e., a single mild symptom) was endorsed by most participants (54.5% of boys/65.3% of girls). A large portion of participants with pre-existing mental health problems (42.7% of boys/51.5% of girls), current moderate psychological distress (70.9% of boys/72.4% of girls), and insufficient sleep prior to testing (33.4% of boys/47.6% of girls) endorsed symptoms consistent with mild ICD-10 postconcussional syndrome; whereas participants with no current or prior health problems rarely met this definition (1.6% of boys/1.6% of girls). The results illustrate the tremendous variability in the case definitions of persistent symptoms and the importance of harmonizing definitions across future studies.
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INTRODUCTION

The typical recovery time from a sport-related concussion in children and adolescents ranges from a few days to 1 month (1–7), but many youth have symptoms that persist for considerably longer than 1 month (8–13). However, the definition of “persistent symptoms” varies considerably across studies. Some studies define recovery as being completely asymptomatic or having complete symptom resolution (11, 13, 14) and having a score of zero on a symptom questionnaire (15–17), thus endorsing a single symptom during a post-injury evaluation meets the threshold for having persistent symptoms, not being recovered, or both. Another study allowed “a few” symptoms to be endorsed with very mild ratings of “1” or “2” on a 6-point scale as the definition of being recovered (18), while another allowed for either being asymptomatic, reporting that the athlete returned to pre-injury symptom status, or symptom improvement allowing for return-to-play (4). Other studies have attempted to compare retrospective ratings of pre-injury symptoms to post-injury symptoms. For example, one study considered endorsing a single symptom as “2” or greater, indicating that the symptom was considered worse compared to how the participant felt before the injury, as evidence of persistent symptoms (8). The large Canadian “5P” multi-center study defined persistent symptoms as having 3 or more symptoms endorsed as greater, to any degree, than their retrospective pre-injury symptom rating (9). Other studies examine symptom reports in combination with other clinical data, such as by requiring resolution of symptoms (19) or being symptom-free at rest and with exertion (17), in combination with results of balance testing, neurocognitive performances, and normal resumption of academic activities.

Persistent symptoms following concussion are sometimes referred to as the postconcussional syndrome. There are multiple challenges regarding the identification and classification of pediatric postconcussional syndrome, several sets of criteria have been proposed, and more research is needed to validate and refine criteria in children (20, 21). With that said, according to the International Classification of Diseases, 10th Revision (ICD-10) criteria for postconcussional syndrome, a person must have symptoms in at least 3 of 6 domains that persist for more than 1 month (22). Researchers applying those ICD-10 criteria in sport concussion studies with youth focus on having one or more symptoms in at least 3 of the 4 primary domains: physical, emotional, cognitive, and insomnia (23, 24). When the ICD-10 symptom criteria were applied to a sample of more than 31,000 uninjured adolescents undergoing preseason baseline evaluations, 19% of boys and 27% of girls endorsed sufficient symptoms, in the absence of concussion, to meet criteria for the diagnosis of postconcussional syndrome (23). Moreover, the rate of symptom endorsement was much greater in adolescents with attention-deficit/hyperactivity disorder (ADHD), learning disorders, a prior history of treatment for headaches, and a history of mental health problems (23, 24).

Concussion-like symptom reporting is relatively common in youth in their daily lives (23) and it is not known how common it is for youth to meet various definitions of “persistent symptoms” in the absence of recent concussion. To inform both research and clinical practice, definitions of persistent symptoms should be examined, stratified by gender, in uninjured youth with pre-existing conditions such as ADHD, learning disorders, and prior mental health problems, as well as youth who might be experiencing situational symptoms relating to psychological distress (25) or insufficient sleep (26, 27). The purpose of this study is to compare 14 different operational definitions for persistent symptoms in a sample of approximately 50,000 uninjured children and adolescents. We hypothesized that there would be a linear increase in the rates in which youth would meet these definitions, following a conceptually logical gradient of more restrictive to more permissive criteria. Moreover, we hypothesized that the rates would be much higher in (i) youth with pre-existing conditions, (ii) youth who reported getting insufficient sleep the night before completing the symptom questionnaire, and (iii) youth who reported experiencing psychological distress in the days leading up to the baseline preseason evaluation.



MATERIALS AND METHODS


Participants

Participants were drawn from a sample of 50,018 children and adolescents, ages 11–18, from Maine, USA who denied have sustained a concussion in the past 6 months and completed the Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT®) battery between 2009 and 2015 as part of a preseason baseline evaluation before participating in their athletic season. Participants were excluded if they completed ImPACT® in a language other than English (n = 802) or reported a history of treatment for epilepsy or seizures (n = 505), treatment for meningitis (n = 193), or brain surgery (n = 100). The final sample included 48,479 children and adolescents (age: M = 15·3, SD = 1·4, range: 11–18). There were 21,923 (45.2%) girls (age M = 15.2, SD = 1.4) and 26,556 (54.8%) boys (age: M = 15.4, SD = 1.5). 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).



Measure

ImPACT® is a computerized assessment that includes demographic, academic, and health history questionnaires, the Post-Concussion Symptom Scale (PCSS), and a series of neurocognitive tests. The academic and health history questionnaires ask participants to report (i.e., yes or no) whether they had previous special education services, repeated an academic grade, received speech therapy; diagnoses of ADHD, autism, or learning disability or dyslexia; or previous treatment for headaches, migraines, epilepsy/seizures, brain surgery, meningitis, substance/alcohol use, or a psychiatric condition (e.g., anxiety or depression). Participants are also asked to report the number of previously diagnosed concussions they have experienced. The PCSS is a 22-item self-report questionnaire. Participants rate the severity at which they are currently experiencing physical, cognitive, and emotional symptoms on a 0–6 Likert-type scale (i.e., 0 = Not present, 1–2 = Mild, 3–4 = Moderate, and 5–6 = Severe).



Statistical Analyses

We calculated the frequencies at which uninjured children and adolescents endorsed symptoms consistent with different operational definitions for persistent post-concussion symptoms. These definitions are provided in Table 1. The definitions varied in the number of symptoms required (i.e., ranging from a minimum of 1–3 symptoms endorsed) and the severity at which symptoms needed to be rated to be considered endorsed (i.e., 1 or greater for a mild symptom and 3 or greater for a moderate symptom). They also varied by the number of symptoms considered in the definitions. Some considered all 22 symptoms from the PCSS, whereas others considered just a subset of 16 symptoms consistent with ICD-10 postconcussional syndrome symptom domains of physical (i.e., headache, nausea, balance problems, dizziness, fatigue, sensitivity to light, and sensitivity to noise), emotional (i.e., irritability, nervousness, sadness, feeling more emotional), cognitive (i.e., feeling mentally foggy, difficulty concentrating, difficulty remembering), and insomnia/sleep-related symptoms (i.e., trouble falling asleep, sleeping less than usual). Two definitions were based on the ICD-10 symptom criteria for postconcussional syndrome. We created more and less stringent versions. A rating of “mild” severity (i.e., item rating of 1 or greater on the Likert scale) for at least one symptom in at least three of the four domains would qualify a participant as meeting criteria for mild ICD-10 postconcussional syndrome and a rating of 3 or greater for at least one symptom in at least three domains would qualify a participant as meeting criteria for moderate ICD-10 postconcussional syndrome.


Table 1. Operational definitions for having symptoms.
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Student athletes were grouped based on health and academic history, current health issues, and combinations thereof. We examined a total of 28 subgroups. Current health issues included insufficient sleep, headaches, and psychological distress. Sleep insufficiency was defined as reporting 6 or fewer hours of sleep the night before completing the symptom questionnaire. Current mild and moderate psychological distress was defined as endorsing one or more of the four PCSS emotional symptoms (i.e., irritability, nervousness, sadness, feeling more emotional) as “mild' (1) or greater or “moderate” (3) or greater, respectively. Current mild and moderate headaches were defined as endorsing headaches as “mild” (1) or greater or “moderate” (3) or greater on the PCSS, respectively. We calculated the rate at which participants met criteria for each operational definition of persistent symptoms for the total sample and each category separately for boys and girls. Two subgroups were formed composed of student athletes approximating a currently healthy and typically developing sample: the total sample with no pre-existing conditions (i.e., responded no to all academic and health history questions) and the total sample with no pre-existing conditions and no current health issues (i.e., responded no to all academic and health history questions, reported >6 h of sleep the night before the assessment, and did not endorse current headaches or any emotional symptoms). The other subgroups were composed of youth with different health conditions and current health issues: learning disability, ADHD, ADHD and learning disability, ADHD and insufficient sleep, ADHD and mild current psychological distress, ADHD and moderate current psychological distress, mild current headaches, moderate current headaches, past treatment for headaches, past treatment for headaches and mild current headaches, past treatment for headaches and moderate current headaches, insufficient sleep, mild current psychological distress, moderate current psychological distress, past treatment for a psychiatric condition, past treatment for a psychiatric condition and insufficient sleep, past treatment for a psychiatric condition and mild current psychological distress, past treatment for a psychiatric condition and moderate current psychological distress, no prior concussions, and different numbers of prior concussions (i.e., ranging from 1 to 4 or greater).




RESULTS

The rates at which boys and girls with different pre-existing conditions and current health issues endorsed symptoms consistent with 14 definitions of persistent symptoms are reported in Tables 2, 3, respectively. Rates for a select number of groups and definitions are presented visually in Figures 1, 2. The most lenient operational definition for persistent symptoms was a single symptom on the PCSS, which was endorsed at the highest frequency for all participant categories. All participants endorsing current headaches or psychological distress by default met criteria for this definition, because an endorsement of headaches or emotional symptoms led to a score of at least 1 on the PCSS. Among youth with insufficient sleep the night before completing the symptoms questionnaire, 4 of 5 girls (82.5%) and 3 of 4 boys (73.5%) met this definition for persistent symptoms.


Table 2. Percentages of boys endorsing symptoms based on each operational definition.
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Table 3. Percentages of girls endorsing symptoms based on each operational definition.
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FIGURE 1. Comparing rates of boys, with no concussion in the past 6 months, endorsing symptoms consistent with 4 different operational definitions for persistent symptom reporting (percentages). ADHD, Attention-deficit/hyperactivity disorder; ICD-10 Mild+, Post-concussional syndrome of mild or greater severity based on the International Classification of Diseases, Tenth Edition; ICD-10 Moderate+, Post-concussional syndrome of moderate or greater severity based on the International Classification of Diseases, Tenth Edition. Total Sample = 26,556, No Conditions or Health Issues = 10,205, Learning Disability = 1,333, ADHD = 3,593, ADHD + Psychological Distress = 1,184, Current Headaches = 4,034, Insufficient Sleep (6 or fewer hours the night before) = 1,994, Current Psychological Distress (a rating of “1” or greater on at least one emotional symptom) = 6,647. Criteria: Endorsing two or more symptoms out of 22 as “mild” or greater (i.e., “1” or greater). Endorsing three or more symptoms out of 22 as “mild” or greater (i.e., “1” or greater). Endorsing three or more ICD-10 PCS symptom categories as “mild” or greater (i.e., “1” or greater). Endorsing three or more ICD-10 PCS symptom categories as “moderate” or greater (i.e., “3” or greater).
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FIGURE 2. Comparing rates of girls, with no concussion in the past 6 months, endorsing consistent with 4 different operational definitions for persistent symptom reporting (percentages). ADHD, Attention-deficit/hyperactivity disorder; ICD-10 Mild+, Post-concussional syndrome of mild or greater severity based on the International Classification of Diseases, Tenth Edition; ICD-10 Moderate+, Post-concussional syndrome of moderate or greater severity based on the International Classification of Diseases, Tenth Edition. Total Sample = 21,923, No Conditions or Health Issues = 7,751, Learning Disability = 802, ADHD = 1,422, ADHD + Psychological Distress = 790, Current Headaches = 5,177, Insufficient Sleep (6 or fewer hours the night before) = 1,821, Current Psychological Distress (a rating of “1” or greater on at least one emotional symptom) = 8,808. Criteria: Endorsing two or more symptoms out of 22 as “mild” or greater (i.e., “1” or greater). Endorsing three or more symptoms out of 22 as “mild” or greater (i.e., “1” or greater). Endorsing three or more ICD-10 PCS symptom categories as “mild” or greater (i.e., “1” or greater). Endorsing three or more ICD-10 PCS symptom categories as “moderate” or greater (i.e., “3” or greater).


Rates of endorsement decreased when fewer symptoms were considered in the definition (i.e., 16 symptoms rather than 22 symptoms) and when moderate symptoms (i.e., rated as 3 or greater), rather than mild symptoms (i.e., rated as 1 or greater), were required by the definition. For example, 65.3% of girls met the definition when requiring 1 or more mild symptoms on the PCSS (definition 1), 51.9% of girls met the definition when requiring 2 or more mild symptoms (definition 5), and 41.1% of girls met the definition when requiring 3 or more mild symptoms (definition 9). Also, 40.4% of boys met the definition when requiring 2 or more symptoms rated mild or greater on the PCSS (definition 5) compared to just 12.9% when requiring 2 or more symptoms rated moderate or greater (definition 7). The moderate ICD-10 postconcussional syndrome definition (definition 14) was the least commonly met definition across groups, with rates for boys ranging from 49.6% among those with past psychiatric treatment and moderate current psychological distress to 0.1% among those with no pre-existing conditions or current health issues and rates for girls ranging from 57.3% among those with ADHD and moderate current psychological distress to 0.2% among those with no pre-existing conditions or current health issues.

Current psychological distress was strongly associated with the rates at which children and adolescents met these definitions for persistent symptoms. For instance, it was very uncommon for girls (2.1%) and boys (2.0%) without pre-existing conditions or current health issues to endorse 2 or more symptoms as moderate or greater (definition 7), but this definition was commonly met by girls (39.6%) and boys (35.7%) who were experiencing even mild current distress and very common among girls (81.1%) and boys (76.7%) experiencing moderate current distress. Insufficient sleep the night before completing the symptom questionnaire also had a notable impact. Specifically, it was very uncommon for girls (0.6%) and boys (0.5%) without pre-existing conditions or current health issues to endorse 3 or more symptoms as moderate or greater (definition 12), but this definition was much more frequently met by girls (31.5%) and boys (20.3%) who reported insufficient sleep the night before completing the symptom questionnaire.

Age was also associated with the rates at which children and adolescents met these definitions for persistent symptoms. Among students without pre-existing conditions, younger students (ages 11–12 years) had the lowest rates across all definitions. For example, about 1 of 3 boys (35.5%) and 2 of 5 girls (40.5%) ages 11–12 met the definition when requiring 1 or more mild symptoms on the PCSS (definition 1), compared to 1 of 2 older boys (48.3% ages 13–15 and 50.0% ages 16–18) and 3 of 5 older girls (60.2% ages 13–15 and 62.2% ages 16–18). Comparable proportions of students ages 13–15 and 16–18 met many of the definitions. However, for certain definitions there was a modest stair-step age effect such that students ages 11–12 had the lowest rate, followed by the 13–15-year age group, and the 16–18-year olds had the highest rate. For instance, for definition 7, students ages 11–12 had the lowest rate (4.5% of boys and 7.6% of girls), followed by the 13–15-year olds (7.6% of boys; 12.0% of girls), with the 16–18-year olds having the highest rate (10.4% of boys and 16.5% of girls).



DISCUSSION

We examined 14 different operational definitions of having persistent symptoms following a sport-related concussion in a large sample of uninjured children and adolescents. As hypothesized, a large percentage of children and adolescents, who had not sustained a recent concussion, endorsed sufficient symptoms to meet most of these definitions, and those with (i) pre-existing conditions, (ii) recent psychological distress, or (iii) insufficient sleep the night before completing the symptom questionnaire endorsed high rates of symptoms. It was quite common for uninjured children and adolescents to endorse at least one symptom (definition 1). In the total sample, 54.5% of boys and 65.3% of girls met this definition. Even when requiring at least 2 symptoms to be endorsed, 40.4% of uninjured boys and 51.2% of uninjured girls met this definition. Moreover, consistent with prior literature (23), even when requiring multiple symptoms to be endorsed across distinct domains (i.e., consistent with ICD-10 symptom criteria for postconcussional syndrome), roughly 1 in 5 uninjured boys (17.8%) and 1 in 4 uninjured girls (26.1%) met this definition. These results highlight the potential difficulty determining persistent post-concussion symptoms because substantial proportions of uninjured children and adolescents met many of the definitions. Furthermore, situational and contextual factors, such as emotional state and amount of sleep around the time a student completes their symptom questionnaire, can exert a strong effect on the rates at which children and adolescents met these definitions for persistent symptoms. These findings argue persuasively that we, as clinicians and researchers, are impelled to think about preexisting health conditions and insufficient sleep when interpreting concussion-like symptom reporting in the context of diagnosis and return to activity clearance.


Clinical Implications

There are subgroups of children and adolescents who are highly likely to endorse “concussion-like” symptoms even if they have recovered from their injury. Symptom reporting in children and adolescents can be temperamental, situational, or both. That is, some youth experience, and are willing to endorse on a questionnaire, mild physical, cognitive, or emotional symptoms in their daily lives as part of their personality or dispositional temperament, and these symptoms are reasonably stable but can fluctuate. Youth can also experience (and endorse) these symptoms as a result of situational life stressors (25), insufficient sleep (26, 27), or both. Clinicians treating children and adolescents who sustained a concussion and may be experiencing a prolonged recovery are encouraged to carefully consider the potential contribution of temperamental and situational factors that might be related to symptom reporting.

As more time passes since the injury it can become increasingly challenging and complicated to interpret symptom reporting among children and adolescents. This is especially true for youth with co-occurring health conditions and current health concerns, such as psychological distress or insufficient sleep, that may be distinct from the concussion and related to other life circumstances or psychosocial factors. Moreover, when evaluating some children with persistent symptoms long after a concussion, there is potential for an over-emphasis on, or misattribution of, preexisting symptoms or life stress related symptoms, to the concussion, which might contribute to a nocebo effect (28).

Age was also related to symptom reporting such that younger students (ages 11–12 years) had the lowest rates of symptom endorsement across all definitions. This age effect was examined among students without pre-existing conditions and it will also be important for future studies to examine potential interactions among factors influencing symptom reporting, such as between age and pre-existing conditions.

Clinicians working in concussion clinics will also recognize another social psychological phenomenon relating to the doctor-patient relationship. That is, some youth begin to realize, after attending several appointments, that the post-concussion symptom questionnaire is being used to document lingering “concussion symptoms,” not just “symptoms,” and thus the child might mark “zero” to convey the impression that he or she has recovered from the concussion, even if a mild degree of that symptom is present. Therefore, responding “zero” after an injury might mean something different than responding “zero” before an injury, during baseline preseason testing. A zero symptom rating after an injury might reflect: (i) no experience of that symptom, (ii) a mild experience of the symptom but the youth attributes the cause to something other than concussion, (iii) a denial of a symptom that is actually present due to a limited understanding of what that symptom is or limited personal insight into the symptom, or (iv) a desire to convince the doctor that he or she has recovered from the concussion despite lingering symptoms (and those symptoms may or may not actually be related to the concussion). Other reasons may explain why athletes do or do not endorse symptoms, such as secondary reactions, which include stress and somatic symptoms related to a strong desire for return-to-play, prohibition from playing a sport they greatly enjoy, social pressure from teammates while being held from play, concerns about missing tryouts or critical games, falling behind in school, and parental concerns about their injury (2).



Limitations

This study has several important limitations. The health history variables were determined via self-report and we were unable to verify this information through parent corroboration or medical chart review; however, self-report is not necessarily unreliable. Adolescents who undergo multiple baseline assessments, on average 2 years apart, are highly consistent in reporting their concussion history and a personal history of ADHD (29). Further, it is common in large data collection efforts in sport concussion research to determine health history through self-report. Another limitation is the criteria used for defining the postconcussional syndrome, for which we applied the ICD-10 criteria. Although the ICD-10 is an established diagnostic manual, there are alternative sets of proposed criteria for pediatric post-concussion syndrome and for defining persistent symptoms in the literature (20) that, if used, may have yielded different results. Data collection only involved the ImPACT® battery, meaning additional scales for quantifying current health problems (e.g., psychological distress, sleep problems, and headache severity) were not administered. Insufficient sleep was defined based on self-reported sleep duration the night prior to the assessment and may or may not reflect more chronic sleep issues. Psychological distress and headaches were defined based on PCSS item endorsement. This reliance on the PCSS to operationalize current health problems was circular; meaning if any health problem was endorsed, as a default, certain definitions of persistent symptoms were also endorsed. These rates may have differed if separate instruments were administered to query current psychological health, sleep quality, and headache severity. We had limited demographic information about the students and did not have, for example, students' race, ethnicity, or socioeconomic status. Understanding potential sociocultural differences in symptom reporting represents an important future research priority.



Directions for Future Research

The study findings expose many challenges that future researchers need to address through new investigations and improved consistency in methodology. The results suggest that the potential for false positive categorizations of participants as having persistent post-concussion symptoms can be quite high in research on adolescent student athletes, especially when applying rather lenient definitions for persistent symptoms (e.g., 1 or 2 mild symptoms endorsed) and when youth present with preexisting health conditions and/or insufficient sleep. Moreover, the potential rate of false positives will vary according to how stringent or lenient a given definition for “persistent” symptoms is. Further, youth with pre-existing health conditions and current health issues endorse symptoms that may or may not be typically associated with their pre-existing condition or health issue. For example, youth athletes with ADHD endorse a wide variety of concussion-like symptoms on baseline assessments, not just symptoms typically attributable to their ADHD (e.g., difficulty concentrating) (24, 30). Also, insufficient sleep is associated with a diverse array of concussion-like symptoms, not just the sleep-related symptoms (26). In certain types of studies, it might be possible to track symptom endorsement over time and consider change or stability among symptom ratings in the context of youths' treatment and rehabilitation progress, such as reports of improvement from their physical therapist, or input from caregivers regarding their observations of change or continued difficulties in daily life.

Rates of symptom endorsement may vary by setting, and future studies could apply the definitions reported herein, and new definitions, to symptom reporting in different environments, such as primary care offices or specialty clinics. New definitions for persistent symptoms may be based on those used in clinical practice, which could involve additional methods aside from self-report symptom questionnaires, such as parent-report, clinical interview, and/or the use of other clinical tests, such as neurocognitive, balance, visual, or vestibular tests. Lastly, future work should propose and seek to validate standardized criteria that harmonize how persistent symptoms are defined across studies. The present study informs those efforts but is insufficient for making recommendations regarding which definitions are most appropriate, because this study involves only symptom reporting before an injury, not an analysis of youth with persistent symptoms. Variation in how researchers and clinicians characterize “persistent symptoms” following concussion presents obvious challenges to advancing our knowledge of persistent post-concussion symptoms in youth.
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Operational definitions of endorsing symptoms
(see Table 1)

Group N 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Total Sample 21,923 65.3% 63.7% 31.3% 30.0% 51.9% 49.1% 19.2% 17.8% 41.1% 37.5% 26.1% 12.6% 11.2% 67%

Total Sample, No Pre-Existing 14,054 59.6% 57.8% 23.7% 225% 44.9% 422% 129% 11.7% 33.8% 30.4% 200% 7.6% 65% 3.6%
Conditions

Total Sample, No Conditions, 7,761 29.6% 265% 7.0% 6.1% 145% 11.7% 21% 17% 72% 49% 16% 06% 05% 02%
No Current Health Issues

Ages 11-12, No Pre-Existing 741 405% 39.3% 14.0% 13.8% 25.8% 243% 7.6% 69% 196% 184% 11.1% 45% 4.0% 20%
Conditions

Ages 13-15, No Pre-Existing 9,840 60.2% 58.2% 226% 21.3% 44.9% 420% 12.0% 109% 33.3% 29.7% 19.6% 69% 60% 32%
Conditions

Ages 16-18, No Pre-Existing 3,473 62.2% 60.6% 29.0% 27.8% 49.3% 46.6% 165% 150% 384% 349% 23.0% 100% 8.6% 49%
Conditions

Learning Disability 802 759% 746% 500% 47.6% 67.7% 653% 35.4% 335% 50.6% 557% 426% 27.1% 248% 183%

ADHD 1,422 784% 77.8% 529% 51.6% 68.9% 668% 37.9% 859% 50.3% 555% 453% 20.6% 268% 20.0%
ADHD and Leaming Disabiity ~ 328 82.6% 81.7% 610% 50.5% 765% 74.7% 46.6% 44.5% 70.1% 66.2% 552% 38.4% 85.1% 27.7%
ADHD and Insufficient Sleep 179 905% 90.5% 77.7% 77.1% 87.2% 855% 62.0% 59.8% 79.3% 78.2% 665% 525% 48.6% 402%
ADHD and Miid Gurrent 790 100% 100% 752% 74.3% 952% 94.7% 60.4% 584% 885% 84.9% 738% 49.1% 449% 34.6%
Psychological Distress
ADHD and Moderate Current 438 100% 100% 100% 100% O7.7% O7.5% 88.4% 86.8% 93.8% 925% 808% 75.8% T17% 57.3%
Psychological Distress

Mild Current Headaches 5177 100% 100% ©0.4% 59.2% 91.4% 899% 42.5% 40.0% 818% 78.4% 59.7% 30.8% 27.8% 18.3%
Moderate Current Headaches 1,496 100% 100% 100% 100% 96.3% 94.1% 76.6% 73.9% 90.1% 87.8% 70.5% 60.6% 56.1% 38.5%
Past Treatment for Headaches 2,184 827% 81.7% 54.8% 53.3% 725% 69.7% 38.4% 363% 625% 585% 433% 27.7% 24.7% 15.7%

Past Treatment for 1,065 100% 100% 74.0% 72.6% 923% 900% 54.5% 51.9% 84.7% 81.4% 63.8% 41.7% 37.7% 252%
Headaches and Mild Current

Headaches

Past Treatment for 492 100% 100% 100% 100% 94.5% 929% 79.5% 768% 898% 87.8% 71.7% 64.4% 59.1% 40.2%

Headaches and Moderate
Current Headaches

Insufficient Sleep 1,821 825% 81.7% 59.5% 585% T74.4% 721% 443% 42.1% 64.9% 61.6% 47.6% 31.5% 289% 18.8%
Mild Current Psychological 8,808 100% 100% 567.0% 665% 91.1% 89.4% 39.6% 37.4% 79.3% 755% 686% 280% 253% 16.1%
Distress

Moderate Current Psychological 8,225 100%  100% 100% 100% 96.4% 95.8% 81.1% 79.3% 91.0% 89.2% 72.4% 638% 509%  40.6%
Distress
Past Treatment for a Psychiatric 1,819 86.1% 852% 61.5% 60.3% 782% 762% 49.3% 47.3% 705% 67.7% 51.5% 39.2% 368% 24.6%
Condition
Past Treatment for a 273 949% 945% 83.2% 82.8% O1.6% 90.1% 78.6% T718% 86.4% 835% 606% 62.8% 60.1% 44.0%
Psychiatric Condition and
Insufficient Sleep
Past Treatment for a 1,288 100% 100% 77.6% 76.7% 960% 95.1% 65.8% 63.4% 003% 88.0% 698% 53.8% 502% 84.1%
Psychiatric Condition and
Mid Current Psychological
Distress
Past Treatment for a 800 100% 100% 100% 100% 9O7.4% 968% 89.9% 88.1% 94.6% 93.8% 780% 77.8% 745% 529%
Psychiatric Condition and
Moderate Current
Psychological Distress

No Prior Concussions 19,025 64.4% 62.7% 30.0% 28.7% 50.7% 480% 18.1% 16.7% 39.9% 36.3% 25.1% 11.8% 104% 62%
1 Prior Concussion 1,936 719% 70.7% 39.6% 37.8% 59.3% 56.6% 26.4% 23.7% 482% 442% 316% 168% 149% 9.3%
2 Prior Concussions 410 741% T27% 47.3% 46.3% 624% 59.8% 32.7% 320% 55.1% 52.0% 37.6% 23.7% 215% 14.1%
3 Prior Concussions 142  838% 824% 56.3% 656.3% 754% 73.2% 40.8% 36.6% 64.8% 60.6% 415% 30.3% 27.5% 18.3%

4 or More Prior Concussions 59 84.7% 847% 67.8% 66.1% 729% 712% 47.5% 44.1% 64.4% €2.7% 525% 305% 28.8% 23.7%

ADHD, Attention-deficit/hyperectivty disorder. The 14 operational definitions of having symptoms are provided in Table 1. Current health issues include insufficient sleep, headaches,
and psychological distress. Sleep insufficiency is defined as reporting sleeping 6 or fewer hours the night before baseline testing. Current mild and moderate psychological distress
was defined as endorsing one or more of the four emotional symptoms (ie., imitabilty, nervousness, sadness, feeling more emotiona) as “mild’ (1) or greater or ‘moderate” (3) or
greater, respectively.
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1. Endorsing 1 or more symptoms out of 22 as “mild” or greater (.., "1” or
greater)

2. Endorsing 1 or more symptoms out of 16 as “mild” or greater (ie., “1” or
greater)

3. Endorsing 1 or more symptoms out of 22 as “moderate” or greater (..,
“3" or greater)

4. Endorsing 1 or more symptoms out of 16 as “moderate” or greater (.e.,
or greater)

5. Endorsing 2 or more symptoms out of 22 as “mild” or greater (ie., “1" or
greater)

6. Endorsing 2 or more symptoms out of 16 as “mild” or greater (ie., "1” or
greater)

7. Endorsing 2 or more symptoms out of 22 as “moderate” or greater (.,
“3" or greater)

8. Endorsing 2 o more symptoms out of 16 as “moderate” or greater (.e.,
3" or greater)

9. Endorsing 3 or more symptoms out of 22 as “mild” or greater (ie., "1” or
greater)

10. Endorsing 3 or more symptoms out of 16 as “mild” or greater (ie., "1” or
greater)

11. Endorsing 3 or more ICD-10 PGS symptom categories as “mild” or
greater (., “1" or greater)

12. Endorsing 3 or more symptoms out of 22 as “moderate” or greater (i.e.,
“3" or greater)

13. Endorsing 3 or more symptoms out of 16 as “moderate” or greater (i.e.,
“3" or greater)

14. Endorsing 3 or more ICD-10 PCS symptom categories as “moderate”
or greater (ie., “3" or greater)

ICD-10 PCS = Postconcussional syndrome based on the Interational Classification of
Diseases, Tenth Edtion. Definitions using 22 symptoms considered all symptoms from
the Post-Concussion Symptom Scale (PCSS). Definitions using 16 symptoms considered
just 16 symptoms from the PCSS consistent with ICD-10 PCS symptom categories
of physical (ie., headeche, nausea, balance problems, dizziness, fatigue, sensitiity o
light, and sensitivity to noise), emotional (ie., iritabilty, nervousness, sadness, feeling
more emotional, cognitive (ie., feeling mentally foggy, difficulty concentrating, difficulty
remembering), and insomnia/sleep-related (ie., trouble faling asleep, sleeping less than
usua). A rating of “mild"” severity (ie., iter rating of 1 or greater on the Likert scale) for at
least one symptom in at least three of the four categories would qualy a participant as
meeting criteria for mild ICD-10 PCS and a rating of 3 or greater for at least one symptom
in at least three categories would qualiy a participant as meeting criteria for moderate
1CD-10 PCS.
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Operational definitions of endorsing symptoms

(see Table 1)
Group N 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Total sample 26556 54.5% 52.1% 28.7% 22.1% 404% 867% 129% 113% 207% 258% 17.8% 7.5% 61%  8.7%
Total sample, no pre-existing 14,667 48.0% 455% 17.5% 160% 33.9% 80.3% 8.3% 7.1% 235% 20.0% 13.4% 4.2% 83%  19%
conditions
Total sample, no conditions, 10,2056 27.7% 242% 70% 58% 14.1% 107% 2.0% 15% 66% 43% 16% 05% 03% 0.1%
no current health issues
Ages 11-12, nopre-existing 858 355% 32.6% 104% 0.3% 21.4% 202% 45% 3.8% 155% 18.3% B86% 21% 14%  0.8%
conditions
Ages 13-15, nopre-existing 9,338 483% 45.4% 165% 150% 336% 207% 7.6% 63% 229% 19.2% 13.0% 38% 8.0%  1.8%
conditions
Ages 16-18, nopre-existing 4,471 50.0% 482% 208% 19.4% 386.7% 335% 104% 95% 262% 230% 158% 53% 4.4%  23%
conditions
Learning disabiity 1,333 65.4% 638% 88.7% 37.4% 52.4% 49.4% 26.4% 242% 439% B9.5% 28.0% 17.6% 151% 10.1%
ADHD 3503 665% 632% 35.6% 33.7% 521% 48.1% 218% 19.4% 40.8% 862% 255% 13.4% 112%  7.4%
ADHD and learning disabilty 642 60.2% 67.6% 435% 419% 57.0% 539% 31.2% 288% 49.4% 44.5% 82.1% 21.5% 188% 12.9%
'ADHD and insufficient sleep 379 77.6% 763% 525% 50.9% 662% 63.3% 38.8% 36.7% 65.1% 61.7% 37.5% 26.1% 23.2% 15.6%
ADHD and mild current 1,184 100% 100% 663% 64.5% 933% 919% 47.7% 438% 84.3% 79.6% 64.7% 33.1% 20.1% 20.9%
psychological distress
ADHD and moderate current 476 100% 100% 100% 100% 96.8% 95.8% 82.4% 78.4% 91.4% 88.4% 729% 64.1% 509% 47.5%
psychological distress
Mid current headaches 4084 100% 100% 557% 53.5% 89.4% 86.7% 85.7% 82.4% 77.1% 721% 53.3% 24.3% 20.7% 13.5%
Moderate current headaches. 980  100% 100% 100% 100% 94.2% 92.8% 78.4% 70.1% 863% 82.7% 63.6% 558% 51.0% 82.7%
Past treatment for headaches 2,268 72.0% 70.0% 43.4% 40.9% 60.3% 56.1% 27.8% 24.9% 49.6% 44.2% 3829% 19.0% 16.1% 10.2%
Past treatment for headaches 745~ 100% 100% 703% 68.6% 925% 90.1% 485% 44.7% 821% 768% 59.5% 368% 31.5% 20.4%
and mild current headaches
Past treatment for headaches 299 100% 100% 100% 100% 946% 93.3% 758% 712% 880% 839% 662% 509% 52.8% 84.1%
and moderate current
headaches
Insufficient sleep 1994 735% 720% 463% 449% 620% 58.4% 81.2% 292% 505% 459% 83.4% 208% 17.6% 11.0%
Mid current psychological 6647 100% 100% 54.6% 52.6% 903% 88.0% 85.7% 823% 77.8% 729% 59.2% 234% 20.0% 13.6%
distress
Moderate current psychological ~ 2,025 100% 100% 100% 100% 95.1% 938% 76.7% 73.5% 87.4% 849% 709% 57.5% 52.3% 89.8%
distress
Past treatment for a 1290 809% 79.1% 524% 505% 715% 68.1% 87.4% 84.1% 61.0% 56.8% 427% 27.6% 282% 15.9%
psychiatric condtion
Past treatment for a 172 89.5% 895% 73.3% 715% 84.3% 84.3% 509% 57.6% 750% 74.4% 58.7% 459% 413% 80.2%
psychiatric condition and
insufficient sleep
Past treatment for a 785 100% 100% 73.1% 71.3% 94.1% 928% 556% 51.7% 87.1% 83.8% 60.0% 43.4% 37.7%  26.9%
psychiatric condition and mild
current psychological distress
Past treatment for a 379 100% 100% 100% 100% 96.3% 95.3% 836% 815% 92.1% 91.3% 765% 71.8% 660% 49.6%
psychiatric condition and
moderate current
psychological distress
No prior concussions 21,467 535% 51.0% 223% 20.7% 39.4% 36.6% 120% 104% 28.7% 249% 17.1% 68% 655%  3.8%
1 Prior concussion 3179 584% 562% 27.3% 257% 430% 395% 14.9% 13.1% 326% 27.7% 19.1% 88% 7.3%  4.1%
2 Prior concussions 943 63.6% 61.8% 365% 33.9% 520% 47.9% 21.2% 192% 39.8% 364% 25.5% 14.2% 120%  7.5%
3 Prior concussions 305  662% 64.9% 416% 30.3% 534% 482% 259% 223% 40.0% 85.7% 27.9% 157% 14.4%  9.2%
4or More prior concussions 175 65.1% 63.4% 46.3% 423% 57.1% 53.7% 81.4% 286% 463% 40.6% 809% 223% 200% 14.9%

ADHD, Attention-ceficit/hyperactivity isorder. The 14 operational definitions of having symptoms are provided in Table 1. Current health ssues include insufficient sleep, mild headaches,
and mid psychological distress. Sleep insufficiency is defined as reporting sleeping 6 or fewer hours the night before baseline testing. Mid current psychological distress is defined as
endorsing one or more of the 4 emotional symptoms as “mid” (1) or greater. Moderate current psychological distress is defined as endorsing one or more of the 4 emotional symptoms

as “moderate” (3) or greater.
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