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Abstract

Background and objectives: Reports on pediatric lifetime concussions/head injuries (LCHI)
from national surveys have offered estimates on prevalence that range from 2.5% to 18% in the
general population. The purpose of this study is to examine national surveys to compare
methodologies and limitations pertaining to LCHI data collection.

Methods: Three nationally representative surveys that measure LCHI in children, including the
National Survey of Children’s Health, the National Health Interview Survey, and the Monitoring
the Future Survey were examined. Children were grouped by ages 3-17 years and adolescent ages
13-17 years, stratified by selected demographic characteristics. Participants in the surveys
included parents (NSCH and NHIS) and adolescents (MTF survey). The primary outcome
measure is an estimate of LCHI in children.

Results: Estimates of prevalence of LCHI ranged from 3.6% to 7.0% for children ages 3-17
years and from 6.5% to 18.3% for adolescents 13-17 years. Survey modality, question wording,
and respondent may contribute to differing estimates. Prevalence showed consistent variation by
age, sex, and race/ethnicity across surveys. Associations were inconsistent between LCHI and
insurance status, parental education, and household primary language.
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Conclusions: Although there are methodological differences in capturing pediatric LCHI across
surveys, the prevalence estimates and correlational associations generated can offer awareness
about the burden of these injuries and insights to research and clinical care.

Introduction

Methods

Traumatic Brain Injury (TBI) in children living in the United States is a significant public
health problem as indicated by the high rate of emergency department visits for this
population [1] and the complex sequelae that can follow [2]. In addition to the emergency
department, children who have experienced a TBI can receive medical care in a variety of
clinical locations, including pediatrician offices, urgent care, and specialty care clinics.
However, national estimates of TBI prevalence, which use administrative health care
databases based on hospital records, do not include care received in these other settings
[1,3]. Particularly for mild injuries, parents may choose not to seek care [2,4] or may have
difficulty accessing care due to the availability of providers, lack of insurance coverage, and
lack of access to transportation [5—7]. These factors may result in significant underestimates
of national pediatric TBI incidence. One approach to more comprehensively quantify the
burden of TBI in children is to use surveys that collect self- or proxy-reported information.

Previous reports from national surveys offered estimates on lifetime prevalence of
concussive head injuries in the general population that range from 2.5% to 7.0% among
children 17 years and under and from 5.9% to 18.4% when limiting analyses to adolescents
13 years and over [4,8,9]. Even after accounting for different age groups underlying these
estimates, the considerable variation may be due to differences in the survey respondent
(parent proxy or child self-report), question wording (whether using a broad term such as
head injury, previous diagnosis of concussion, or TBI by a health care professional), or
mode of survey administration (in-person interview, telephone, paper, tablet, or web-based
survey) [10]. These methodological differences and potential contribution to the variations in
estimates have not previously been examined in detail. The purpose of this study was four-
fold. First, to describe the methodology of three national surveys that included a pediatric
concussion/head injury question. Second, compare prevalence estimates of lifetime pediatric
concussion/head injury across surveys. Third, assess whether associations between pediatric
concussion or head injury and demographic characteristics differed across surveys. Fourth,
discuss how differences in methodology across surveys may have contributed to differences
in estimates and associations between pediatric concussion/head injury and demographic
characteristics.

Data sources

The present study examined national surveys that measure lifetime history of concussion or
head injury among children, including the National Survey of Children’s Health (NSCH)
[11], the National Health Interview Survey (NHIS) [12], and the Monitoring the Future
(MTF) survey [13]. The methodological parameters varied across surveys, including sample
size, mode of administration, responder, sampling frame, response rates, and differences in
question wording (Table 1). Notably, the NSCH and NHIS consist of address-based parent
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report samples targeting noninstitutionalized children 0-17 years, whereas the MTF consists
of a school-based self-report sample targeting eighth, 101, and 12t grade students.
Although all surveys are conducted annually, not all surveys ask about concussion/head
injury every year. Therefore, the analyses were limited to 2016 data, the most recent year for
which all three surveys collected concussion/head injury information.

Statistical analysis

Results

To increase comparability of results across data sources, separate analyses for two age
groups were conducted: (1) children ages 3-17 years (comparing NSCH and NHIS) and (2)
adolescent ages 13-17 years (comparing NSCH, NHIS, and MTF). For each national survey
and age group, distributions of selected demographic characteristics were obtained,
including child age, sex, race/ethnicity, current health insurance, household income (imputed
when missing), parents’ highest educational attainment, and household primary language
(either asked as a question (NSCH and MTF) or based on the language the survey was
conducted in (NHIS). MTF did not include measures for current health insurance or
household income.

For each of the three surveys, unadjusted lifetime prevalence estimates and population
frequencies of lifetime concussion/head injury were calculated based on the surveys’
respective questionnaire items, and bivariate analyses were conducted to determine
prevalence of concussion/head injury by demographic characteristics. Respondents with
missing values for concussion/head injury information were excluded from these analyses.
Chi-square tests of independence with design-based F statistics were conducted to assess the
overall associations between lifetime concussion/head injury and variables of interest.
Relationships between concussion/head injury and demographic variables were examined in
each survey to determine whether the direction, magnitude, and statistical significance of
associations were consistent across surveys. Finally, multiple logistic regression analysis
was conducted to examine adjusted associations between lifetime concussion/head injury
and demographic characteristics and to determine whether associations were stable across all
surveys. For models pertaining to adolescents, only variables available across all surveys
were included as covariates (health insurance and household income were excluded because
they were not available in the MTF survey). Model results are reported as adjusted
prevalence rate ratios (aPRRs) and 95% confidence intervals comparing the effect of each
covariate on the relative prevalence of lifetime history of concussion/head injury while
keeping all other covariates constant. Analysis incorporated each survey’s respective weights
and design variables needed to weight each survey’s study sample to reflect a nationally
representative sample of U.S. children and account for the complex survey design. NSCH
and MTF analyses were conducted using Stata SE version 15. The NHIS analysis was
conducted using SUDAAN version 11.0 software.

Differences in survey methodology and sample characteristics

Surveys differed on all methodological parameters evaluated (Table 1). In particular, the
NSCH and NHIS data were collected from parents/caregivers on behalf of their children,
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whereas the MTF data were self-reported by middle- and high-school youth. In addition, the
NSCH was conducted via Web or paper questionnaire, the NHIS was conducted through in-
person interviews, and the MTF was administered by paper questionnaire only. Finally, the
NSCH asked about whether “a doctor or other health care provider ever told you that this
child has....brain injury, concussion, or head injury,” whereas the NHIS asked if the child
“ever had a significant head injury or concussion,” and the MTF asked if the child had “ever
had a head injury that was diagnosed as a concussion.” Although each survey used different
terminology and varied in diagnosis questions, the general term “lifetime concussion/head
injury” (LCHI) shall be used from this point forward to describe the primary outcome
variable.

Sample sizes ranged from 9247 children ages 3-17 in the NHIS (3392 were 13-17 years) to
43,283 children ages 3-17 years in the NSCH (17,783 were 13-17 years); 10,985 children
ages 13-17 years were included from the MTF. Among the two national surveys that
included children ages 3-17 years (NSCH and NHIS), distribution of demographics
produced from weighted analysis were similar, although there were some different
distributions for insurance status, parental education attainment, and household language
(Table 2). For the population of adolescents aged 13-17 years in all surveys, there were
several demographic differences across surveys.

Concussion/head injury prevalence and demographic correlates among children, 3-17

years

The prevalence of LCHI among children aged 3-17 years varied across the NSCH and NHIS
(Table 3). Specifically, the NSCH found that 3.6% (95% ClI: 3.3, 3.9) of children had ever
sustained a LCHI while the NHIS estimate was nearly double at 7.0% (95% ClI: 6.4, 7.7).

Prevalence of LCHI also varied significantly by demographics in both surveys in consistent
ways (Table 3). For example, in both the NSCH and the NHIS, LCHI among children was
associated with increasing age (p < 0.0001), male sex (p ¥ 0.0001), and non-Hispanic white
race/ethnicity (p < 0.0001). Current health insurance status, household income, parental
education, and household primary language had similar relationships with LCHI in the two
surveys but did not always reach statistical significance.

The aPRRs for LCHI among children aged 3-17 years in the NSCH and NHIS are presented
in Table 4. After controlling for other demographic variables, increasing age was associated
with increased prevalence of LCHI for both the NSCH and NHIS. In the NSCH, compared
with children age 3-5 years, those in all older age groups had increased prevalence of LCHI
(aPRR range = 1.81-5.67). In the NHIS, there were no significant differences between the
two youngest age groups, but those in the three oldest age groups had significantly increased
prevalence than those aged 3-5 years (aPRR range = 1.50-3.19). Both surveys also found
that girls had a 31% decreased prevalence of LCHI compared with boys. In addition, both
surveys found that Hispanic, non-Hispanic black, and non-Hispanic other race children had
significantly lower prevalence than non-Hispanic white children (aPRR range = 0.49-0.66).
Neither survey found household income was significantly associated with the LCHI after
adjustment.
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The results differed across the two surveys in relation to other demographic factors. After
adjustment, the prevalence of LCHI did not vary by insurance status using the NSCH;
however, within the NHIS prevalence of LCHI among uninsured children was about 60%
higher than among those with private insurance (aPRR = 1.58, 95% CI: 1.02-2.44). In
addition, in the NSCH children whose parents had a high school education had 32% lower
prevalence of LCHI than children whose parents had a college degree or higher (aPRR =
0.68, 95% CI: 0.49-0.88). No such association was found in the NHIS. Finally, using the
NSCH, children from households where English was not the primary language had 68%
lower prevalence of LCHI than those from households where English was the primary
language (aPRR = 0.32, 95% CI: 0.14-0.49); no such association was found in the NHIS.

Concussion/head injury prevalence and demographic correlates among adolescents, 13—

17 years

The prevalence of LCHI among adolescents aged 13-17 years varied across all surveys
(Table 5). In general, the NHIS estimates were higher than NSCH estimates and MTF
estimates were significantly higher than both. Specifically, the NSCH found that 6.5% (95%
Cl: 5.9, 7.1) of adolescents 13-17 years had ever sustained a LCHI; NHIS reported lifetime
prevalence to be 10.2% (95% CI: 9.0, 11.6), and the MTF reported lifetime prevalence to be
18.3% (95% CI: 17.2, 19.3).

The prevalence of LCHI also varied by demographic characteristics for adolescents aged 13-
17 years (Table 5). However, not all surveys produced the same associations. Both NHIS and
MTF found that older age (p = 0.0061 and 0.0132, respectively) and male sex (p = 0.0022
and < 0.0001, respectively) were significantly associated with higher prevalence of LCHI,
than younger age and female sex, respectively, but the NSCH did not find such significant
associations. Similarly, the NSCH found significant differences in lifetime concussion/head
injury by current health insurance status and household income, but the NHIS did not find
the same associations.

Table 6 shows results of multiple logistic regression models for adolescents aged 13-17
years using five demographic variables available in all surveys (age, sex, race/ethnicity,
parental education attainment, and household primary language). The direction of
association was generally similar across surveys, with a few key differences. After
controlling for other demographic factors, all surveys found a decreased prevalence of LCHI
among girls compared with boys (aPRR range = 0.60-0.79). In addition, all surveys found a
decreased prevalence among Hispanic (aPRR range = 0.46-0.68) and non-Hispanic “other”
race (aPRR range = 0.38-0.82) adolescents, compared with non-Hispanic white adolescents;
the NSCH and the MTF also found decreased prevalence among non-Hispanic black
adolescents (aPRR range = 0.46-0.61). Both the NHIS and MTF found that adolescents
aged 16-17 years had an increased prevalence relative to those aged 13-15 years (aPRR
range = 1.18-1.47), however, no age association was found using the NSCH. There was no
consistent relationship between parental education and LCHI prevalence across the surveys
for adolescents, after controlling for other demographic factors. While the NHIS and MTF
found no relationship between household language and LCHI prevalence, the NSCH found
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that prevalence was substantially lower among adolescents from non-English-speaking
households, relative to adolescents from English-speaking households.

Discussion

This is the first study to examine three nationally representative U.S. surveys to provide
recent prevalence estimates for LCHI among children. Overall estimates ranged from 3.6%
to 7.0% for children aged 3-17 years and from 6.5% to 18.3% for adolescents 13-17 years.
Each survey had a large and nationally representative sample. Differences in sample size
may have impacted the precision of the estimates. It is unknown how the differing sampling
structures may have impacted differences in the prevalences found in the NSCH, NHIS, and
MTF. It is possible that sampling strategies in the NSCH and NHIS (address-based samples)
resulted in lower response rates and selection bias than the MTF (school-based sample),
however, all surveys were based on nationally representative sampling frames and used
sampling weights to adjust for nonresponse and other factors.

The different prevalence estimates produced by the surveys may be due to differences in
survey modality, question wording, and reporting source. Address-based surveys using
parent report may produce under-reporting related to parental monitoring, and it is also
possible for school-based surveys to convey over-reporting due to in school peer effects [14].

A recent study examining self-reported concussion history among adults found no difference
in lifetime prevalence when respondents randomly received a different definition of
concussion [15]. The question wording in the present study varies primarily along two
dimensions: the terms used (concussion and/or head injury and/or brain injury) and whether
they reference a health care provider diagnosis. The NSCH and MTF inquire about
diagnosis, whereas the NHIS does not. NSCH asks about “brain injury, concussion, or head
injury,” NHIS asks about “head injury or concussion,” and MTF asks about “head injury.”
The higher prevalence of LCHI seen in the NHIS among children 3-17 years, compared
with the NSCH, may be due to inclusion of milder suspected injuries which did not receive a
diagnosis. In addition, inclusion of “brain injury” in NSCH may have suggested only
inclusion of more serious head injuries. Research on parent concussion reporting generally
shows reliability in accounting for a concussion [15,16]. However, available reports
primarily provide insight into parent reporting from a single location at the time of injury.
Further research into the reliability of self-report to identify concussions from surveys is
needed. Other research on pediatric health conditions has documented high concordance
between parent report (i.e. asthma, psychiatric conditions, and autism spectrum disorder)
and medical records or clinical report [16-20].

Among adolescents 13-17 years, the highest prevalence of LCHI was found in the MTF,
nearly double that found in the NHIS and triple found in the NSCH. There are several
possible explanations for this finding. First, the MTF used self-report, in contrast to the
NHIS and NSCH which were based on parental report. Previous research suggests that
parents may not always know whether their child sustained a concussion, and this may be
the case for athletes who may actively hide concussions from coaches, parents, and other
adults [21,22]. In fact, the results from one previous study demonstrated better parent-
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student athlete agreement for athletic concussions (number of concussion symptoms and
symptom severity) when parents were present at the time of injury [22]. The MTF question
does not specify who gave the diagnosis, so it is possible that adolescents are including
instances where they were told about a concussion by someone other than a health care
provider, such as a sports coach or high school staff member.

Another reason for relatively higher prevalence found in MTF is that the question only asks
about head injury, in contrast to NHIS and NSCH which ask about concussion and/or brain
injury. This could connote to respondents about answering affirmatively for less severe head
injuries, including those that do not result in any of the neurologic signs and symptoms that
distinguish a head injury from a TBI. It is unknown how narrowly or broadly respondents
interpret the term head injury in questions attempting to obtain estimates of concussion or
TBI. Cognitive testing for the NHIS showed that most parents could state with certainty if
their child had been diagnosed with a concussion, but other details were not as definite
making it difficult to determine how the term “head injury” is understood by parents [23].
Further, MTF allowed for respondents to respond as “yes, once” or “yes, more than once,”
so it is unknown how this may have contributed to respondents’ endorsement of concussion/
head injury. Future research that examines how respondents interpret different elements of a
question could help to better understand how questions affect prevalence estimates. Studies
that can validate survey questions relative to a gold standard, such as an actual medical
diagnosis or a previously validated TBI symptom inventory may be useful. Further,
validation studies of parent versus youth report may be useful to understand how LCHI are
reported. Evaluation of concussion/head injury using administrative data was beyond the
scope of this report.

Despite differences in prevalence estimates, there were consistent patterns across surveys
related to demographic characteristics associated with LCHI. For example, among children
aged 3-17 years, there was a significant relationship within surveys examined between age
and LCHI, even after controlling for demographic variables. It has been shown that older
children have a higher prevalence because of a longer exposure period to sustain an injury
and as adolescents have a higher occurrence of sports-related concussions than younger age
groups and nonsport injury mechanisms [24,25]. In addition, boys had a higher prevalence
of LCHI than girls in all surveys. This finding mirrors the past research and is often
explained by boys engaging in riskier behaviors and having a higher prevalence of injury
than female peers [26]. Further, studies consistently find that youth athletes in high contact
sports dominated by boys (e.g., football) have the highest rate of concussions [9,26-28].
However, in gender comparable sports, such as soccer, females have a higher rate of
concussions [27]. Further research on gender differences can help clarify how to best
examine the relationship of gender to concussion prevalence.

Relationships between the socioeconomic variables captured in the surveys—current health
insurance status, household income, parental educational attainment, and household primary
language—and LCHI were not as clear or consistent across the surveys. Among children
aged 3-17 years, the NHIS found an increased prevalence of LCHI among those who were
uninsured compared with those who were privately insured, but this relationship was not
found in the NSCH. However, as the NSCH inquired about a diagrnosis of brain injury, this
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difference may reflect the fact that some uninsured children in the NSCH were not able to
visit a health care provider or receive a diagnosis. A diagnosis was not required in the NHIS
and may have contributed to the higher rate of LCHI among the uninsured. Insurance status
has previously been described as a predictor of seeking health care which may have
contributed to prevalence differences [29]. Further research to examine lifetime measures of
socioeconomic disadvantage (e.g., ever receipt of government assistance, economic hardship
as captured by reports of difficulty paying for the basics such as food or housing) may offer
more insight into the relationship of socioeconomic issues.

There are several limitations with respect to the surveys in this study. For all surveys,
respondents may have had difficulty recalling past LCHI if they occurred long ago or
resulted in mild or quickly resolved symptoms. Parents may not be aware of their children’s
concussion leading to under-reporting. Questions that include the term “head injury”
maycontain false positives and have potential for overestimating concussion. As such, all
surveys may incorrectly estimate the prevalence of LCHI among pediatric populations. In
addition, all surveys are cross-sectional in nature, making it possible to only examine
associations between LCHI and demographic, socioeconomic, and health-related factors,
rather than causal factors. Further, this study focuses on point estimates of a LCHI in
relationship to current socioeconomic indicators at the time of the survey. Health insurance,
household income, and parent educational attainment may change over a child’s lifetime,
and so current socioeconomic status may not reflect the status at the time of a LCHI.
Household language is approximated using different approaches in each of the surveys,
which may have created misclassification.

Despite limitations, findings from these surveys contribute to understanding the burden of
LCHI among children beyond estimates based solely on TBI-related ED visits. Estimates of
pediatric LCHI prevalence ranged from 4% to 18% in the surveys examined. It is important
to take into consideration the methodological differences across surveys when interpreting
the prevalence estimates produced [10]. These surveys offer information about the burden of
TBI among children and the association between LCHI and other health conditions. All
surveys have additional questions for respondents that can be examined for a relationship
with LCHI. For example, the NSCH has been used to demonstrate an association between
lifetime history of LCHI and a higher occurrence of co-occurring health conditions such as
attention-deficit/hyperactivity disorder, developmental delays, anxiety, depression, and
speech/language problems was associated with a lifetime history of LCHI in the NSCH [4].
Furthermore, the inconsistency in results signals that validation of survey questions
regarding LCHI may be useful. Identifying one or more standardized TBI questions may
allow researchers to capture valid and stable estimates over time and across populations.
This information can inform pediatric clinical providers who are assessing and managing
TBI about the contribution of the child’s medical history.

Conclusion

Although methodological differences exist across national surveys capturing pediatric LCHI,
prevalence estimates and associations generated from these surveys make a substantial
contribution to understanding the burden and distribution of injuries beyond health care
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settings. Surveys can provide unique and potentially comprehensive data estimating and
describing the burden, identifying subpopulations to target prevention efforts, and tracking
prevalence over time. However, as shown in this study, estimates can differ, due to variations
in question wording and survey methodology. In the absence of standardized, validated
questions, current estimates should be interpreted with caution, considering differences
between surveys. Future research can apply survey methods principles to develop
standardized, validated questions to enhance the field of childhood TBI measurement and
provide information clinicians can consider for diagnosis and management.
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Table 4

Adjusted prevalence rate ratios (aPRRs) for lifetime concussion/head injury among children 3-17 y by
sociodemographic characteristics

2016 NSCH 2016 NHIS

n=41,226 n=38725

aPRR  95% ClI aPRR  95% CI

Overall
Age
3-5y (referent) 1.00 1.00
6-8y 1.81 1.05-2.56 1.45 0.99-2.14
9-12y 2.26 1.46-3.06 1.50 1.05-2.16
13-15y 4.69 3.10-6.28 2.14 1.53-3.00
16-17y 5.67 3.74-7.61 3.19 2.27-4.48
Sex
Male (referent) 1.00 1.00
Female 0.69 0.58-0.80 0.69 0.57-0.83

Race/ethnicity

White, non-Hispanic (referent) 1.00 1.00
Hispanic 0.63 0.44-0.82 0.66 0.49-0.90
Black, non-Hispanic 0.58 0.39-0.77 0.51 0.36-0.73
Other, non-Hispanic 0.63 0.44-0.82 0.49 0.35-0.69
Current health insurance status
Private (referent) 1.00 1.00
Public 0.95 0.69-1.21 1.26 0.96-1.66
Other 0.87 0.44-1.30 155 0.83-2.89
Uninsured 0.88 0.44-1.32 1.58 1.02-2.44

Household income

<100% FPL 0.90 0.55-1.26 0.97 0.67-1.40
100%-199% FPL 0.83 0.57-1.09 0.91 0.66-1.27
200%-399% FPL 0.91 0.72-1.09 0.79 0.62-1.01
>400% FPL (referent) 1.00 1.00
Parental education attainment
Less than high school 0.63 0.18-1.07 0.87 0.59-1.29
High school diploma 0.68 0.49-0.88 0.87 0.64-1.18
Some college 0.86 0.68-1.04 1.19 0.93-1.51
College degree or higher (referent)  1.00 1.00

Household primary Ianguage*
English (referent) 1.00 1.00
Non-English 0.32 0.14-0.49 1.07 0.68-1.69

Bolded values indicate statistical significance. FPL is federal poverty level.
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*

In the NSCH, household primary language was assessed with the survey item “What is the primary language spoken in the household?” In the
NHIS, this was approximated by the language the interview was conducted in. In the MTF, this was ascertained by asking “What was the first
language you spoke when you were a child?”
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