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Abstract

BACKGROUND—Sports- and recreation-related (SRR) activities are a major cause of adolescent 

concussions. Most adolescent SRR concussion research has been conducted among public school 

students. As private schools are qualitatively different from public schools (eg, location, 

socioeconomic status, sports played), this study explores the concussion experiences of a large 

group of private high school students.

METHODS—We surveyed 2047 New England private preparatory high school students who 

played sports or engaged in a recreational activity in 2018 about the sports they played, and their 

self-reported concussion experiences (eg, age at first concussion, if concussions were sports- or 

recreation-related). Descriptive, bivariate, and multivariate statistics are presented.
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RESULTS—One-third (33.0%) of students who reported engaging in sport- or recreation-related 

activities self-reported experiencing a concussion in their lifetime. A higher percentage of boys, 

students who played contact sports, and those who played multiple seasons of school sports 

reported a concussion. Sex, contact level of primary sport played, and age of first concussion were 

also significantly associated with reporting a sports- or recreation-related concussion.

CONCLUSIONS—A sizeable proportion of private preparatory high school students reported 

experiencing a concussion, with some students at higher risk. Private preparatory high school-

specific concussion prevention strategies may be needed.
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Participation in high school sports has consistently grown in the last 3 decades.1 Whereas 

the benefits of sports participation are many (eg, improvements in health and emotional 

well-being, academic performance, and leadership and teamwork skills),2–4 risk for injury, 

such as concussion [also known as mild traumatic brain injury or mild traumatic brain injury 

(TBI)], is also inherent in sports. A concussion is caused by a bump, blow, or jolt to the head 

or by a hit to the body that causes the head and brain to move rapidly back and forth. This 

rapid movement can cause the brain to bounce around or twist in the skull, creating chemical 

changes in the brain.5 A recent study reported that one in every 5 adolescents has 

experienced a concussion at some point in their lives.6 Additionally, research has found that 

concussions might be increasing over time: between 2007 and 2013, emergency department 

visits for TBIs among children and adolescents in the United States increased.7 A major 

cause of TBIs among youth are sports- and recreation-related activities,8 particularly among 

adolescents. A 2018 national study reported that over 15% of high school students reported 

having at least one sport- or recreation-related concussion in the past 12 months.9 Studies 

have further suggested that children and adolescents may be at particular risk of 

experiencing a concussion because of specific neurological and physiological factors.10–12 

In addition, concussion affects children and adolescents differently compared to adults. For 

example, children may take longer to recover from a concussion compared to adults13–16 

and an early concussion may put children at risk for later behavioral and cognitive problems.
17 It is critical for the public health community to measure risks of concussions and their 

prevalence among adolescents accurately in order to better focus prevention and 

management efforts.

To date, most of the surveillance information about concussions has been conducted with 

samples of public school students. For example, in the National High School Sports-Related 

Injury Surveillance Study’s High School Reporting Information Online (High School RIO), 

a common source of sports-related concussion data, 85% of participating high schools are 

public schools.18 Data from the US Department of Education have demonstrated, however, 

there are systematic differences between public and private schools, in terms of resources, 

socioeconomics, student make-up, and location.19 Evidence also has suggested that the 

athletic experiences in private versus public schools can be different.20 For example, some 

private schools mandate students participate in a sport or athletic activity.21 Although 

beneficial, this could also potentially increase exposure to injury and concussion. Private 
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schools may also offer a variety of athletic options (for example, archery, crew, sailing, 

squash) not typically found in public schools.21 In addition, youth sports TBI and 

concussion state laws do not always apply to private school students.22

There is a crucial gap in knowledge about the concussion experience of private high school 

students who play a sport or engage in a recreational activity. The purpose of this study is to 

explore the lifetime concussion prevalence, proportion of concussions that were sports-

related, and concussions that occurred during school sports among students attending private 

high schools by sex, contact level of their primary sport, number of seasons played, and age 

of first concussion.

METHODS

Self-reported data were collected as part of a project from Pink Concussions, a non-profit 

organization whose mission is to improve pre-injury education and awareness and post-

injury medical care for women and girls affected by TBI.23 The project aimed to explore the 

experiences and attitudes toward concussion among a convenience sample of private 

preparatory high school students. Eight schools from the New England Preparatory School 

Athletic Council (NEPSAC) were selected to participate in this project. These schools are 

located in Connecticut, Maine, Massachusetts, and Rhode Island. Two additional schools of 

similar size and socioeconomic status in New York were included but are not part of 

NEPSAC. Six of the 10 schools are day schools, 3 are boarding schools, and 1 school is a 

mix of day and boarding. All schools in the sample and in NEPSAC more widely have at 

least one full-time certified athletic trainer on staff. IRB approval was obtained from the 

Connecticut Children’s Medical Center (CCMC IRB#18–018). An opt-out letter was sent to 

all parents in the 10 schools. The children of those parents who opted out were not given the 

opportunity to complete the survey. The findings and conclusions in this manuscript are 

those of the authors and do not necessarily represent the official position of the US Centers 

for Disease Control and Prevention.

Participants

Data were collected from 2122 male and female private high school students between April 

and May 2018. Seventy-five students (3.5%) were excluded from the final analysis because 

they did not report playing a sport or engaging in a recreational activity, for a final sample 

size of 2047.

Instrumentation

The survey questions for the analysis included:

• What is your primary sport?

• What level of sport do you play? (school-based, elite/premier, recreational)

• How many seasons of sports do you play a year?

• Have you ever had a concussion? (definition of concussion provided: “a 

concussion is a blow to the head followed by a variety of symptoms that may 

include any of the following: headache, dizziness, loss of balance, blurred vision, 
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‘seeing stars,’ feeling in a fog or slowed down, memory problems, poor 

concentration, nausea, or throwing up. Getting ‘knocked out’ or being 

unconscious does not always occur with a concussion.”)

• How old were you when you sustained your first concussion?

• How many of your concussions were related to organized sports?

• Of your sports-related concussions, how many did you receive while playing for 

your school?

In addition to these questions, the survey asked the students to report their sex (male, 

female) and grade in school (freshman, sophomore, junior, senior). The survey was field 

tested a year earlier with 365 students at the KING School for readability, reliability, and 

validity.

Procedure

Students were asked if they were willing to complete an anonymous online survey during an 

advisory period on a school day. The student’s advisor emailed the link to the survey at the 

beginning of the advisory period. Participation was voluntary and no incentives were 

offered. The survey took on average 3 minutes to complete. The average response rate across 

the 10 schools was 68% of total student enrolled in that academic year.

Data Analysis

Descriptive statistics for the study variables were computed. Concussion experience (ever 

having a concussion; number of sports-related concussions (0, 1, 2 or more); and number of 

school sports-related concussions (0, 1, 2 or more)) was stratified by sex of the student 

athlete, contact level of primary sport played, level of sport played (school sports only, elite/

premier sports only, or recreation sport only), number of seasons of school sports played, 

and age of first concussion. The question assessing number of sports-related concussions 

was limited to those respondents who reported having ever experienced a concussion 

(676/2047, or 33.0% of sample) (see Figure 1 for flow-chart of questions and corresponding 

sample sizes). Seventy-eight (11.5%) of those respondents who reported ever having a 

concussion did not respond to the sports concussion question, for a total sub-sample of 598. 

An analysis (not shown) determined students who did not answer this question were not 

statistically significantly different than those who did in terms of contact level of sport, sex, 

type of sport played, or number of seasons of school sport played. The question assessing 

number of school sports-related concussion was limited to those respondents (1) who 

reported having ever experienced a sports-related concussion and (2) reported only playing 

school sports (N = 293/598 concussed student athletes who answered the sports-related 

concussion question). Seventeen respondents (5.5%) skipped this question.

Each primary sport listed by respondents was classified into a 3-level ordinal variable by 

level of contact based on the potential for physical contact between players and/or playing 

surface and intensity.24–27 The levels include “collision or contact sports” (such as football 

and soccer), “limited contact sports” (such as baseball and volleyball), and “non-contact 

sports” (such as track and field and tennis). Student athletes also indicated whether they 
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played 1, 2, or 3 seasons of sports at school and/or an elite/premier level of sport outside of 

school. Thirty-seven (of a total of 1352, or 2.7%) students reported playing multiple number 

of school sports seasons (for example, they reported playing both 1 and 2 seasons of school 

sports, or playing both 2 and 3 seasons of school sports). They were dropped from analyses 

assessing the impact of number of seasons of school sports played as it was unclear how 

many seasons they actually played. However, these students who were dropped from the 

analysis were no more likely to report having experienced a concussion than those who 

remained. To examine potential differences in concussion experience by level of sport 

(school, elite/premier, or recreation) played, the analytic sample was limited to those student 

athletes who selected only one level of sport (ie, those respondents who indicated they 

played both school sports and an elite/premier level sport were not included). Of the 37 

dropped respondents, 19 (51.4%) from above were subsequently added back into the 

analysis of level of sport played as they played school sports exclusively (the remaining 18 

also reported playing either elite/premier or recreation sports in addition to multiple seasons 

of school sports). Again, these students who were dropped from the analysis were no more 

likely to report having experienced a concussion than those who remained.

Additionally, to determine whether there was an impact of the number of seasons of school 

sports played, we categorized those who played school sports into 1 season, 2 seasons, or 3 

seasons. Finally, we examined the association between age of first concussion and number of 

sports-related concussions (no sports-related concussions, 1 sports-related concussion, or 2 

or more sports-related concussions), and number of school sports-related concussions (no 

school sports-related concussion, 1 school sports-related concussion, or 2 or more school 

sports-related concussions). The analysis of the number of school sports-related concussions 

was restricted to those students who report playing school sports and those who reported 

sustaining at least one sports-related concussion (N = 293).

The statistical package SAS version 9.4 (Cary, NC) and IBM SPSS version 26 were. To 

determine whether concussion experience was associated with sex, contact level of primary 

sport, level of sport played, and number of seasons of school sports played, χ2 tests or 

Fisher’s exact tests (when comparisons included cell sizes <5) were conducted. To examine 

the association between concussion experience and age of first concussion, a one-way 

ANOVA test (or a non-parametric Welch’s ANOVA) was conducted. When overall statistical 

significance occurred between groups, a proportions tests with a Bonferroni correction were 

applied for χ2 or Fisher’s exact tests while a Games-Howell post hoc test with a Bonferroni 

correction was applied to significant ANOVA tests, due to not meeting the homogeneity of 

variances assumption. Effect sizes were also computed for each χ2 and ANOVA test using 

Cramer’s V or partial Eta-square and interpreted in accordance with Cohen.28 An r of .1 

represents a small effect size, an r of .3 represents a medium effect size, and an r of .5 

represents a large effect size.28

Finally, to assess for any effect of clustering of the schools on the 3 outcomes, we performed 

an intra-cluster correlation investigation using a generalized linear mixed logistic regression 

model for the estimation of the covariance parameter for the correlation of school.29–31 

Also, a generalized linear mixed Poisson approach was used to check the consistency of the 

results. We found any observed school effect was low, ie, 1%−20% of the variation comes 
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from the schools. Therefore, accounting for autocorrelation in our analyses was not 

necessary.

RESULTS

The sample was relatively evenly split between boys (47.8%) and girls (52.2%) and across 

the 4 high school grades (Table 1). The students indicated that they played a large variety of 

sports. About 14.0% of student athletes played soccer as their primary sport, 10.2% played 

lacrosse, 9.4% played tennis, 7.8% played basketball, and smaller percentages played other 

sports. When asked at what level they play sports, 88.0% reported playing only school-based 

sports, 8.1% only played a premier/elite level of sport outside of school, and 3.8% only 

played at a recreational level. When looking further at the students who played only school-

based sports, about one-quarter (26.0%) reported playing one season, 37.0% played 2 

seasons, and 37.1% played 3 seasons.

Overall, one third (33.0%) of the students who played a sport or engaged in a recreational 

activity reported having experienced a concussion at some point in their lifetimes. Of these 

students, the mean age of first concussion was 9.5 (Table 2). Just over half of students 

(55.1%) who had sustained a concussion in their lifetime reported experiencing their first 

concussion between the ages of 10–15 while a smaller proportion (44.9%) sustained their 

first concussion before the age of 10. No students reported sustaining their first concussion 

after the age of 15. Sex (p < .0001), contact level of primary sport (p < .0001), level of sport 

played (p = .04), and number of seasons of school sports played (p = .03) were significantly 

associated with ever having had a concussion (Table 2). However, the practical significance 

of these effects were all low, ranging from a Cramer’s V of 0.06 to 0.12. Post hoc analyses 

suggested that a greater proportion of boys than girls reported ever having had a concussion, 

a higher percentage of students who reported playing a contact sport as their primary sport 

reported having had a concussion compared to students who played a limited contact sport 

or a non-contact sport; and a lower percentage of students who played one season of school 

sports had sustained a concussion than students who played 2 seasons. After correcting for 

multiple comparisons, there were no statistically significant pair-wise differences in 

reporting ever having had a concussion by level of sport.

Of the students who reported ever experiencing a concussion, approximately three fourths 

reported that at least one concussion was sports-related (Table 1). About 4 in 10 (43.3%) had 

experienced 1 sports-related concussion and 31.8% experienced 2 or more sport-related 

concussions. In the bivariate analyses, sex (p = .03), contact level of primary sport played (p 

< .0001), level of sport played (p = .04), and age of first concussion (p < .0001) were 

significantly associated with the number of sports-related concussions experienced (Table 2). 

The Cramer’s V for all of these tests were 0.21 or lower, indicating a small effect size. Post-

hoc analyses suggested that a higher percentage of boys than girls reported experiencing 2 or 

more sports-related concussions, a higher percentage of students who played contact sports 

as their primary sports reported experiencing 2 or more sports-related concussions than 

students who played limited contact or non-contact sports, and a smaller percentage of 

student athletes who played only school sports reported no sports-related concussions than 

student athletes who played only recreation sports. Post hoc tests also suggested that the 
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mean age among those with 1 concussion was significantly higher compared to those with 

no concussions and those with 2 or more concussions; however, the overall effect size was 

small (partial Eta-square = 0.04). Number of seasons of school sports played among students 

who played school sports (p = .45) was not significantly associated with the number of 

sports-related concussions.

Among students who self-reported they sustained at least one sports-related concussion, 

about half were while playing a school sport (Table 1). Nearly 4 in 10 (39.3%) reported one 

school sports-related concussion while 15.5% reported 2 or more school sports-related 

concussions. Sex (p = .11), contact level of primary sport (p = .53), and number of seasons 

of school sports played (p = .83) were not significantly associated with experiencing a sport-

related concussion while playing for their school (Table 2). Age of first concussion was 

statistically significantly associated with having sustained a concussion while playing a 

school sport (p = .0005) but the effect size was small (partial Eta-square = 0.05). Post hoc 

analyses suggested the mean age among those with one school sports-related concussion 

was higher compared to those with no school sports-related concussions.

DISCUSSION

Most prior descriptive epidemiological surveillance of sports- and recreation-related 

concussions in youth has been conducted among public school students,32 but this study 

demonstrated private high school student athletes are also at risk of experiencing 

concussions. A 2018 study of high school students reported that about 1 in 5 who played on 

at least 1 sports team had sustained a concussion in the past 12 months.9 Out of 2047 high 

school student athletes in this sample, one third reported a concussion history. Of note, 

however, the composition of sports in this sample is different than what is seen in most 

public and private high schools. For example, football, the most commonly played sport 

among high school boys, was not even ranked in the top 10 for the primary sport played 

among student athletes in this sample, while other traditionally less popular sports, such as 

crew and squash, were more popular in this setting.33 The popularity of these sports is likely 

attributable to the unique setting of these schools in this particular region.

This study also reiterated certain factors associated with a student having sustained a 

concussion in their lifetime. Male students,6–8 those who played contact sports,34 and 

students who played 2 seasons of sports at school (ie, more exposure)9,35 were more likely 

to report a concussion in their lifetime than other students.

The median age of first concussion in this sample of private high school student athletes was 

9.5. A study conducted by Schmidt et al.36 reported individuals who reported their first 

concussion during childhood (less than 10 years old) doubled the risk of sustaining a 

subsequent concussion compared to individuals who reported their first concussion during 

adolescence (10–18 years old). Due to an increased susceptibility for subsequent 

concussions, and often more severe outcomes after one has sustained an initial concussion, it 

is important that any youth with a suspected concussion be removed from play and evaluated 

by a health care provider and then follow return-to-learn and return-to-play protocols.
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This study suggests private secondary schools require targeted prevention efforts. The 

Centers for Disease Control and Prevention (CDC) introduced a concussion education 

campaign in 2010 called CDC HEADS UP. This campaign provides free information and 

resources targeted specifically to youth athletes, parents, coaches, schools, and health care 

providers (www.cdc.gov/headsup). Athletic trainers at private schools can encourage 

coaches and parents to take the free online training and provide customizable fact sheets to 

student athletes that outline what they should do if they suspect they have sustained a 

concussion. In a sample of college/university athletes, Guskiewicz et al.37 suggested athletes 

with a history of concussions were more likely to experience a concussion in the future than 

athletes without such a history. Similarly, there is some evidence that a prior history of a TBI 

is a risk factor for a subsequent concussion in children.38 It is therefore important to 

intervene earlier in athletic careers to prevent incident and additional concussions as it is 

known that children’s outcomes are more severe and children take longer to recover from 

concussions than older adolescents and adults.13,14,39,40

Future research should expand upon this current study by surveying the concussion 

experience of private high school student athletes in different regions of the country to 

determine if the results reported here are generalizable to different parts of the United States. 

A direct comparison of the concussion risk among private versus public high school student 

athletes can also be pursued. Finally, longitudinal studies are warranted to determine if 

outcomes vary by sex, contact level, or level of sport played when concussion was sustained.

Limitations

The data from this survey come from a convenience sample of private high school students 

in a cluster of schools in New England and New York. Therefore, the results may not be 

generalizable to other private high school students, and similar surveys should be conducted 

in different regions of the United States. Concussion experience was self-reported and may 

be subject to recall bias. For example, relatively recent TBIs and TBIs of greater severity 

may be more likely to be recalled. In addition, reported concussions were not validated, for 

example, through medical records or validated symptom inventory. Similarly, some of the 

wording of the questions left room for interpretation among the students. For example, the 

question “How many seasons of sports do you play a year?” might have been interpreted as 

the number of seasons of sports played during the school year or in a year on average. This 

may have slightly affected the findings in indeterminable ways. There was also no way to 

determine whether students might have played more than one sport in a season, or multiple 

seasons and/or level of one sport, which might have affected their concussion risk. Students 

who played both school-based sports and elite/premier sports, for example, may be at an 

increased risk of concussion than students who play one level of sport. This question should 

be examined in future research.

Additionally, it is important to consider how private schools in this particular sample may be 

different than public high schools and other private high schools in ways that influence 

concussion reporting. The schools in this study are a mixture of day schools and boarding 

schools. In addition, schools in this study have at least one full-time athletic trainer and 

several have 2, all of whom have been at the schools for at least 7 years. A large study of 
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public and private high schools found that 35% of schools have full-time athletic training 

services and an additional 30% have part-time services.41 Studies have further suggested the 

presence of athletic trainers at a school can influence - specifically increase - concussion 

reporting among students.32,42 Studies have suggested that athletic trainers may be better at 

identifying potential symptoms of a concussion after an injury has occurred than coaches.43 

Additionally, students attending schools with athletic trainers are also more likely to have a 

greater level of concussion knowledge44 and generally have access to a higher level of 

resources.45 Furthermore, each school in the sample has had a concussion management 

policy in place for at least 6 years, and a concussion education component for students, 

coaches, and parents. Thus, in this study students may have been particularly sensitized to 

the concussion issue and aware of the importance of reporting concussions. The approach to 

concussion reporting, the presence of full-time athletic trainers, and the attention to injury 

among this sample of 10 schools represents the best case scenario and is likely not 

representative of American high schools generally.46 Moreover, students at the schools in 

this sample are required to play at least one sport or recreational activity; indeed, about 50% 

of the students in this sample played 2 or 3 seasons of school sports, and may be at an 

increased risk for exposure to head impacts. For these reasons, the lifetime concussion 

prevalence in this sample may neither be generalizable nor comparable to that seen in other 

studies.

Finally, it is important to note while many of the variables in this study were statistically 

significantly related to having sustained a concussion, none showed a practically significant 

relationship as judged by their effect sizes. This fact should provide context when 

interpreting the relationships between sex, contact level of sport played, and level of sport 

played with reported concussions among these student athletes.

IMPLICATIONS FOR SCHOOL HEALTH

Despite playing a different composition of high school sports, private preparatory high 

school student athletes, just as other student athletes, are at risk of sustaining concussions. It 

is important to encourage these student athletes to report their potential injuries to their 

coaches, parents, and health care providers in order to receive prompt and appropriate 

treatment to lessen possible long-term consequences. Concussion prevention strategies 

particular to the private school setting and the less common sports seen in this population 

(for example crew, squash) may be needed.

In addition, the findings from this report suggest a need for ongoing educational initiatives 

addressing concussion risk associated with school-based sports. Previous research has shown 

that more effort needs to be put into developing strategies to improve concussion-related 

knowledge, attitudes, and behaviors.47 Our findings have a number of implications for 

policy and practice regarding school health. Private schools may consider taking the 

following actions in bullets below to help prevent the occurrence of concussion among their 

students:

• Develop messages informing student athletes about the risks of concussion. 

While studies have shown that youth and high school students have a high level 
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of awareness and knowledge about concussion,48,49 adolescent athletes are also 

likely to “under-appreciate” the risk and seriousness of concussion.50,51 It is thus 

important for students to recognize the detrimental effects that concussions can 

have on their physical, academic, emotional, and social health. Private school 

athletic programs may consider adopting a formalized concussion education 

program for their students, such as the CDC HEADS UP intiative.52

• Advocate for coaches and parents to encourage student athletes to follow the 

rules of play. Previous research has found that a substantial proportion of sports-

related injuries in high school athletes are due to illegal activity; this proportion 

is especially high in soccer and often results in concussions.53 It is therefore 

important that students are mandated to follow the rules of their sport and that 

those coaching and cheering on these athletes support sportsmanship in order to 

promote player safety.

• Encourage referees to enforce the rules for their sport. Referees and other sports 

officials help maintain standards of play during athletic events.54 Because a 

number of sports-related injuries are due to activities that are against the rules,53 

referees who enforce the rules of their sports may reduce the possibility of such 

injuries.55

All these actions may help to decrease the incidence and severity of concussions among 

private high school students.

REFERENCES

1. National Federation of State High School Associations. 2017–2018 High School Athletics 
Participation Survey 2017. Available at: https://www.nfhs.org/media/
1020205/2017-18_hs_participation_survey.pdf. Accessed September 3, 2019.

2. US Centers for Disease Control and Prevention. The association between school-based physical 
activity, including physical education, and academic performance. 2010 Available at: https://
www.cdc.gov/healthyyouth/health_and_academics/pdf/pa-pe_paper.pdf. Accessed September 3, 
2019.

3. DatalysCenter. Sports facts: benefits of youth sports. 2014 Available at: https://
www.datalyscenter.org/sites/datalyscenter.org/files/Benefits_of_Youth_Sports.pdf. Accessed 
September 3, 2019.

4. Prasad DS, Das BC. Physical inactivity: a cardiovascular risk factor. Indian J Med Sci. 
2009;63(1):33–42. [PubMed: 19346639] 

5. US Centers for Disease Control and Prevention. What is a concussion? 2017 Available at: https://
www.cdc.gov/headsup/basics/concussion_whatis.html. Accessed March 3, 2017.

6. Veliz P, McCabe SE, Eckner JT, Schulenberg JE. Prevalence of concussion among US adolescents 
and correlated factors. JAMA. 2017;318(12):1180–1182. [PubMed: 28973604] 

7. Taylor CA, Bell JM, Breiding MJ, Xu L. Traumatic brain injury-related emergency department 
visits, hospitalizations, and deaths — United States, 2007 and 2013. MMWR Morb Mortal Wkly 
Rep. 2017;66(9):1–16. [PubMed: 28081055] 

8. Coronado VG, Haileyesus T, Cheng TA, et al. Trends in sports- and recreation-related traumatic 
brain injuries related in US emergency departments: the National Electronic Injury Surveillance 
System-all Injury Program (NEISS-AIP) 2001–2012. J Head Trauma Rehabil. 2015;30(3):185–197. 
[PubMed: 25955705] 

Daugherty et al. Page 10

J Sch Health. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.nfhs.org/media/1020205/2017-18_hs_participation_survey.pdf
https://www.nfhs.org/media/1020205/2017-18_hs_participation_survey.pdf
https://www.cdc.gov/healthyyouth/health_and_academics/pdf/pa-pe_paper.pdf
https://www.cdc.gov/healthyyouth/health_and_academics/pdf/pa-pe_paper.pdf
https://www.datalyscenter.org/sites/datalyscenter.org/files/Benefits_of_Youth_Sports.pdf
https://www.datalyscenter.org/sites/datalyscenter.org/files/Benefits_of_Youth_Sports.pdf
https://www.cdc.gov/headsup/basics/concussion_whatis.html
https://www.cdc.gov/headsup/basics/concussion_whatis.html


9. Depadilla L, Miller GF, Jones SE, Peterson AB, Breiding MJ. Self-reported concussions from 
playing a sport or being physically active among high school students—United States, 2017. 
MMWR Morb Mortal Wkly Rep. 2018;67(24):682–685. [PubMed: 29927909] 

10. Giza CC, Hovda DA. The new neurometabolic cascade of concussion. Neurosurgery. 
2014;75(suppl 4):S24–S33. [PubMed: 25232881] 

11. Buzzini SRR, Guskiewicz KM. Sport-related concussion in the young athlete. Curr Opin Pediatr. 
2006;18(4):376–382. [PubMed: 16914990] 

12. McCrory P, Meeuwisse W, Dvorak J, et al. Consensus statement on concussion in sport—the 5th 
international conference on concussion in sport held in Berlin, October 2016. Br J Sports Med. 
2017;51(11):838–847. [PubMed: 28446457] 

13. McCrory P, Meeuwisse WH, Aubry M, et al. Consensus statement on concussion in sport: the 4th 
international conference on concussion in sport held in Zurich, November 2012. Br J Sports Med. 
2013;47(5):250–258. [PubMed: 23479479] 

14. Williams RM, Puetz TW, Giza CC, Broglio SP. Concussion recovery time among high school and 
collegiate athletes: a systematic review and meta-analysis. Sports Med. 2015;45(6):893–903. 
[PubMed: 25820456] 

15. Field M, Collins MW, Lovell MR, Maroon J. Does age play a role in recovery from sports-related 
concussion? A comparison of high school and collegiate athletes. J Pediatr. 2003;142(5):546–553. 
[PubMed: 12756388] 

16. Davis GA, Anderson V, Babl FE, et al. What is the difference in concussion management in 
children as compared with adults? A systematic review. Br J Sports Med. 2017;51(12):949–957. 
[PubMed: 28455361] 

17. McKinlay A, Grace R, Horwood J, Fergusson D, MacFarlane M. Adolescent psychiatric symptoms 
following preschool childhood mild traumatic brain injury: evidence from a birth cohort. J Head 
Trauma Rehabil. 2009;24(3):221–227. [PubMed: 19461369] 

18. Comstock RD, Pierpoint LA, Arakkal A, Bihl JH. National High School Sports-Related Injury 
Surveillance Study: 2017–2018 School Year. Aurora, CO: Colorado School of Public Health; 2017 
Available at: http://www.ucdenver.edu/academics/colleges/PublicHealth/research/
ResearchProjects/piper/projects/RIO/Documents/2017-18.pdf. Accessed September 3, 2019.

19. Choy SP. Public and Private Schools: How Do They Differ? National Center for Education 
Statistics: Washington, D.C; 1997 Available at: https://nces.ed.gov/pubs97/97983.pdf. Accessed 
September 3, 2019.

20. Allen J High School Sports: The Public vs. Private Debate Albany, NY: Times Union; 2016 
Available at: https://www.timesunion.com/tuplus-local/article/High-school-sports-the-public-vs-
private-debate-9215168.php. Accessed July 5, 2019.

21. Kennedy R Athletics are not optional. 2019 Available at: https://www.privateschoolreview.com/
blog/athletics-are-not-optional. Accessed July 30, 2019.

22. Potteiger KL, Potteiger AJ, Pitney WA, Wright PM. An examination of concussion legislation in 
the United States. Internet J Allied Health Sci Pract. 2018;16(2):S80–S89.

23. Snedakar K Pink concussions: female brain injury from sports, violence, military service. 2019 
Available at: http://www.pinkconcussions.com/. Accessed June 6, 2019.

24. Mirabelli MH, Devine MJ, Singh J, Mendoza M. The preparticipation sports evaluation. Am Fam 
Physician. 2015;92(5):371–376. [PubMed: 26371570] 

25. Mitchell JH, Haskell W, Snell P, Van Camp SP. Task force 8: classification of sports. J Am Coll 
Cardiol. 2005;45(8):1364–1367. [PubMed: 15837288] 

26. Moses S Sports contact levels. 2018 Available at: https://fpnotebook.com/sports/Exam/
SprtsCntctLvls.htm. Accessed May 24, 2018.

27. Rice SG. Medical conditions affecting sports participation. Pediatrics. 2008;121(4):841–848. 
[PubMed: 18381550] 

28. Cohen J Statistical Power Analysis for the Behavioral Sciences. New York, NY: Routledge; 1988.

29. Rodriguez G, Elo I. Intra-class correlation in random-effects models for binary data. Stata J. 
2003;3(1):32–46.

30. Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for 
reliability research. J Chiropr Med. 2016;15(2):155–163. [PubMed: 27330520] 

Daugherty et al. Page 11

J Sch Health. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ucdenver.edu/academics/colleges/PublicHealth/research/ResearchProjects/piper/projects/RIO/Documents/2017-18.pdf
http://www.ucdenver.edu/academics/colleges/PublicHealth/research/ResearchProjects/piper/projects/RIO/Documents/2017-18.pdf
https://nces.ed.gov/pubs97/97983.pdf
https://www.timesunion.com/tuplus-local/article/High-school-sports-the-public-vs-private-debate-9215168.php
https://www.timesunion.com/tuplus-local/article/High-school-sports-the-public-vs-private-debate-9215168.php
https://www.privateschoolreview.com/blog/athletics-are-not-optional
https://www.privateschoolreview.com/blog/athletics-are-not-optional
http://www.pinkconcussions.com/
https://fpnotebook.com/sports/Exam/SprtsCntctLvls.htm
https://fpnotebook.com/sports/Exam/SprtsCntctLvls.htm


31. Cicchetti DV. Guidelines, criteria, and rules of thumb for evaluating normed and standardized 
assessment instruments in psychology. J Psychol Assess. 1994;6(4):284–290.

32. Shendell DG, Gonzalez L, Listwan TA, Pancella J, Black-borow M, Boyd J. Developing and 
piloting a school-based online adolescent student-athlete concussion surveillance system. J Sch 
Health. 2019;89(7):527–535. [PubMed: 31016753] 

33. National Federation of State High School Associations. High school participation increases for 
29th consecutive year. 2019 Available at: https://www.nfhs.org/articles/high-school-sports-
participation-increases-for-29th-consecutive-year/. Accessed February 25, 2019.

34. Marar M, McIlvain NM, Fields SK, Comstock RD. Epidemiology of concussions among United 
States high school athletes in 20 sports. Am J Sports Med. 2012;40(4):747–755. [PubMed: 
22287642] 

35. Rafferty J, Ranson C, Oatley G, et al. On average, a professional rugby union player is more likely 
than not to sustain a concussion after 25 matches. Br J Sports Med. 2018;53: 969–973. [PubMed: 
29530941] 

36. Schmidt JD, Rizzone K, Hoffman NL, et al. Age at first concussion influences the number of 
subsequent concussions. Pediat Neuro. 2018;81:19–24.

37. Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulative effects associated with recurrent 
concussion in collegiate football players: the National Collegiate Atheletic Association concussion 
study. JAMA. 2003;290(19):2549–2555. [PubMed: 14625331] 

38. Ponsford J, Willmott C, Rothwell A, et al. Cognitive and behavioral outcome following mild 
traumatic head injury in children. J Head Trauma Rehabil. 1999;14(4):360–372. [PubMed: 
10407209] 

39. National Research Council, Committee on Sports-Related Concussions in Youth. Sports-Related 
Concussions in Youth: Improving the Science, Changing the Culture. Washington, DC: National 
Academies Press; 2014.

40. Broglio SP, Cantu RC, Gioia GA, et al. National Athletic Trainers’ association position statement: 
management of sport concussion. J Athl Train. 2014;49(2):245–265. [PubMed: 24601910] 

41. Huggins RA, Attanasio SM, Endres BD, Coleman KA, Casa DJ. Athletic Training Locations and 
Services (ATLAS) Project First Annual Report. Storrs, CT: The Korey Stringer Institute at The 
University of Connecticut; 2018 Available at: https://ksi.uconn.edu/wp-content/uploads/sites/
1222/2018/09/ATLAS-2018-Report-Final.pdf. Accessed September 3, 2019.

42. McGuine TA, Pfaller AY, Post EG, Hetzel SJ, Brooks A, Broglio SP. The influence of athletic 
trainers on the incidence and management of concussions in high school athletes. J Athl Train. 
2018;53(11):1017–1024. [PubMed: 30403363] 

43. Naftel KG, Yust EM, Nichols MH, King WD, Davis D. Knowledge and management of sports 
concussions among coaches and certified athletic trainers in Alabama. South Med J. 
2014;107(7):418–423. [PubMed: 25010582] 

44. Wallace J, Covassin T, Nogle S, Gould D, Kovan J. Concussion knowledge and reporting behavior 
differences between high school athletes at urban and suburban high schools. J Sch Health. 
2017;87(9):665–674. [PubMed: 28766322] 

45. Kroshus E, Rivara FP, Whitlock KB, Herring SA, Chrisman SPD. Disparities in athletic trainer 
staffing in secondary school sport: implications for concussion identification. Clin J Sport Med. 
2017;27(6):542–547. [PubMed: 28742604] 

46. Lyons VH, Moore M, Guiney R, et al. Strategies to address unmet needs and facilitate return to 
learn guideline adoption following concussion. J Sch Health. 2017;87(6):416–426. [PubMed: 
28463445] 

47. Sarmiento K, Donnell Z, Hoffman R. A scoping review to address the culture of concussion in 
youth and high school sports. J Sch Health. 2017;87(10):790–804. [PubMed: 28876477] 

48. Anderson BL, Gittelman MA, Mann JK, Cyriac RL, Pomerantz WJ. High school football players’ 
knowledge and attitudes about concussions. Clin J Sports Med. 2016;26(3):206–209.

49. Bloodgood B, Inokuchi D, Shawver W, et al. Exploration of awareness, knowledge, and 
perceptions of traumatic brain injury among American youth athletes and their parents. J Adolesc 
Health. 2013;53(1):34–39. [PubMed: 23583508] 

Daugherty et al. Page 12

J Sch Health. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.nfhs.org/articles/high-school-sports-participation-increases-for-29th-consecutive-year/
https://www.nfhs.org/articles/high-school-sports-participation-increases-for-29th-consecutive-year/
https://ksi.uconn.edu/wp-content/uploads/sites/1222/2018/09/ATLAS-2018-Report-Final.pdf
https://ksi.uconn.edu/wp-content/uploads/sites/1222/2018/09/ATLAS-2018-Report-Final.pdf


50. Cusimano MD, Topolovec-Vranic J, Zhang S, Mullen SJ, Wong M, Ilie G. Factors influencing the 
underreporting of concussion in sports: a qualitative study of minor hockey participants. Clin J 
Sports Med. 2017;27(4):375–380.

51. Register-Mihalik JK, Guskiewicz KM, McLeod TCV, Linnan LA, Mueller FO, Marshall SW. 
Knowledge, attitude, and concussion-reporting behaviors among high school athletes: a 
preliminary study. J Athl Train. 2013;48(5):645–653. [PubMed: 23848520] 

52. US Centers for Disease Control and Prevention. About heads up. 2016 Available at: https://
www.cdc.gov/headsup/about/index.html. Accessed March 7, 2019.

53. Collins CL, Fields SK, Comstock RD. When the rules of the game are broken: what proportion of 
high school sports-related injuries are related to illegal activity? Inj Prev. 2008;14(1):34–38. 
[PubMed: 18245313] 

54. Bureau of Labor Statistics. Umpires, referees, and other sports officials. 2019 Available at: https://
www.bls.gov/ooh/entertainment-and-sports/umpires-referees-and-other-sports-officials.htm?
view_full. Accessed August 7, 2019.

55. Cantu R, Mueller F. The prevention of catastrophic head and spine injuries in high school and 
college sports. Br J Sports Med. 2009;43(13):981–986. [PubMed: 19945980] 

Daugherty et al. Page 13

J Sch Health. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/headsup/about/index.html
https://www.cdc.gov/headsup/about/index.html
https://www.bls.gov/ooh/entertainment-and-sports/umpires-referees-and-other-sports-officials.htm?view_full
https://www.bls.gov/ooh/entertainment-and-sports/umpires-referees-and-other-sports-officials.htm?view_full
https://www.bls.gov/ooh/entertainment-and-sports/umpires-referees-and-other-sports-officials.htm?view_full


Figure 1. Flow-Chart of Concussion-Related Questions and Samples Sizes
*Only asked of students who reported playing only school-based sports
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Table 2.

Bivariate Associations of Sport-Related, and School Sport-Related Concussion Experience, by Sex, Contact 

Level of Primary Sport, Number of Seasons of Sport Played, Level of Sport Played, and Age of First 

Concussion

Ever experienced a concussion 
(n = 2,047)*

Number of sports-related concussions (n = 

598)*,†

Yes No
Test 

statistic 
(χ2 or 

one-way 
ANOVA)

p-
value

Effect size 
(Cramer’s 

V)

None One Two or more
Test 

statistic 
(χ2 or 

one-way 
ANOVA)

p-
value

Effect size 
(Crameris 

V or 
partial 

Eta-
square)N % N % N % N % N %

Sex 27.46 <.00
01 0.12 7.06 .03 0.11

 Male 379 38.7
||

600 61.3
|| 76 22.5 140 41.4 122 36.1

||

 Female 297 27.8 771 72.2 73 28.1 119 45.8 68 26.2

Contact 
level of 
primary 
sport

29.81 <.00
01 0.12 51.25 <.00

01 0.21

 Contact 367 39.1
¶

572 60.9
¶ 49 14.8

¶ 152 45.9 130 39.3
¶

 Limited 
contact 136 29.6 324 70.4 36 30.0 54 45.0 30 25.0

 Non-
contact 173 26.7 475 73.3 64 43.5 53 36.1 30 20.4

Level of 
sport 
played

6.41 .04 0.06 10.07 .04 0.11

 School 

only
# 428 31.7

924
68.3 81 21.7** 171 45.7 122 32.6

 Elite 
only 51 40.8 74 59.2 14 33.3 18 42.9 10 23.8

Recreation 
only

14 23.7
45

76.3 7 50.0 6 42.9 1 7.1

Number of 
seasons of school 

sports played
††

7.12 .03 0.07 3.68 .45 0.07

 One 90 26.0
‡‡

256 74.0
‡‡ 20 26.0 34 44.2 23 29.9

 Two 170 34.5 323 65.5 27 18.0 76 50.7 47 31.3

 Three 161 32.6 333 67.4 33 23.2 59 41.6 50 35.2

Mean SD N/A N/A Mean SD Mean SD Mean SD 14.66 <.00
01 0.04

Age of 
first 
concussion

— —
—

— 9.3 3.2 10.2
¶ 2.6 8.9 2.6
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Number of sports-related concussions received while playing for school (n = 293)*,‡,§

None One Two or more

N % N % N %
Test statistic 

(χ2 or one-way 
ANOVA)

p-value

Effect size 
(Cramer’s V or 

partial Eta-
square)

Sex 4.48 .11 0.12

 Male 57 35.6 67 41.9 36 22.5

 Female 39 29.3 72 54.1 22 16.5

Contact level of primary sport 3.18 .53 0.07

 Contact 61 33.9 81 45.0 38 21.1

 Limited contact 21 36.8 26 45.6 10 17.5

 Non-contact 14 25.0 32 57.1 10 17.9

Level of sport played N/A N/A

 School only
# — — — — — —

 Elite only — — — — — —

 Recreation only — — — — — —

Number of seasons of school sports 

played
†† 1.47 .83 0.05

 One 19 33.3 28 49.1 10 17.5

 Two 38 30.9 62 50.4 23 18.7

 Three 38 34.9 47 43.1 24 22.0

Mean SD Mean SD Mean SD 8.07 .0005 0.05

Age of first concussion 9.4 2.5 10.5
§§ 2.4 9.4 2.5

*
Only includes students who indicated that they had a primary sport.

†
Only includes students who answered ”yes” to ”Have you ever had a concussion?” Data are missing from 11.5% (n = 78) of respondents.

‡
Includes the students who indicated they exclusively played school sports only (any number of seasons).

§
Only includes students who answered indicated that had at least one sports-related concussion. Data are missing from 5.5% (n = 17) of 

respondents.

||
Significantly different than the other category at p < .05 level.

¶
Significantly different than the both other category at p < .05 level.

#
Includes students who indicated they played more than one category of school sports, e.g. both 1 and 2 seasons of school sports.

**
Significantly different than the last category at p < .05 level.

††
Students who gave multiple responses to the question ”how many seasons of school sports played?” were excluded because we were unable to 

interpret their responses to the question.

‡‡
Significantly different than the second category at p < .05 level.

§§
Significantly different than the none category at p < .05 level
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