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Abstract

Background: We enrolled patients in a prospective study in which we obtained estimates of the 

direct and indirect burden for families of children with traumatic brain injury (TBI) relative to a 

control group of families of children with orthopedic injury (OI).

Methods: Parents were surveyed at 3 time points following injury: 3, 6, and 12 months. At each 

follow-up contact, we asked parents to list the number of workdays missed, number of miles 

traveled, amount of travel-related costs, and whether their child had an emergency department 

(ED) visit, hospital admission, any over-the-counter (OTC) medications, and any prescription 

medications during that time period. We assessed the difference in these outcomes between the 

TBI and OI groups using multivariable logistic and 2-part regression models to account for high 

concentrations of zero values.

Results: Children with TBI had significantly greater odds of having an ED visit (3.04; 95% CI, 

1.12-8.24), OTC medications (1.98; 95% CI, 1.34-2.94), and prescription medications (2.34; 95% 

CI, 1.19-4.59) than those with OI. In addition, parents of children with TBI missed significantly 
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more days of work (19.91 days; 95% CI, 11.64-28.17) overall during the 12 months following 

injury than their OI counterparts.

Conclusion: Extrapolating our results to the entire country, we estimate that pediatric TBI is 

associated with more than 670 000 lost workdays annually over the 12 months following injury, 

which translates into more than $150 million in lost productivity. These missed workdays and lost 

productivity may be prevented through safety efforts to reduce pediatric TBI.
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TRAUMATIC BRAIN INJURY (TBI) is one of the most common forms of preventable 

injury among children. According to recent estimates from the Centers for Disease Control 

and Prevention (CDC), 3082.5 emergency department (ED) visits for TBI per 100 000 

occurred in the United States during 2009-2010 among children 14 years and younger.1 

Other recent data suggest a substantial increase in TBI-related ED visits between 2006 and 

2010.2

Several recent studies have reported estimates of the costs associated with pediatric TBI. 

However, most of these studies have focused on direct medical costs such as those 

associated with the initial ED visit or subsequent hospitalizations, medications, or outpatient 

encounters.3,4 For TBI in children, the parents of the injured child may face additional 

burdens such as the need to miss work and travel costs associated with follow-up care. These 

indirect and nonmedical costs are rarely captured in electronic data but are an important 

component of the economic burden of pediatric TBI.5

The goal of this research was to generate more complete estimates of the economic burden 

of pediatric TBI. To do this, we enrolled a group of pediatric TBI patients as well as a 

control group of children with orthopedic injuries (OIs) in a prospective study to examine 

outcomes at 3, 6, and 12 months following injury. We surveyed families to determine their 

injured child’s healthcare utilization, travel costs, days of work missed, and time spent 

seeking healthcare for their child associated with the injury.

METHODS

Study design and population

We recruited patients between 0 months and 15 years of age at the time of injury from 2 

level 1 pediatric trauma centers, which we refer to as site 1 and site 2. Children were 

recruited from both the ED and the inpatient units of these hospitals if they sustained either a 

TBI or an OI with no evidence of a TBI. Using a definition established by the CDC, TBI 

was defined as a head injury accompanied with any of the following: decreased 

consciousness, amnesia, neuropsychological abnormality, or diagnosed intracranial lesion.6 

Children with abusive head trauma (AHT) or OIs were included. Children were recruited 

approximately evenly by site from January 20, 2013, through September 30, 2015. Families 

were approached in person while in the ED or hospital at both facilities. This method of 

recruitment was successful at site 1 because research coordinators are often present at that 
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facility. Because this is not common practice at site 2, families from this facility were 

contacted by telephone after review of ED logs. Children were recruited sequentially 

according to child age (0-30 months, 31 months-5 years, 6-11 years, and 12-15 years), injury 

type, and TBI severity to ensure adequate representation in all strata of age and injury 

groups. Child age groups were chosen to reflect infants/toddlers, preschoolers, school-aged 

children, and adolescents as sites and types of postinjury care differ by age group. Follow-up 

interviews were collected at 3, 6 and 12 months. English-speaking families completed 

interviews online through a link to the survey sent by e-mail or by telephone. Spanish-

speaking families completed interviews by telephone with bilingual study coordinators. 

Participants received a gift card after completing each survey. Institutional review board 

approval for this study was obtained through both sites.

Data

Medical records were abstracted for clinical and injury mechanism data by trained study 

coordinators using a standardized data abstraction form. Coordinators followed a manual of 

operations and met weekly to review data questions. Data were reviewed during collection, 

and queries for out-of-range or missing data were checked against source documentation. 

Survey questions focused on healthcare utilization during the assessment period and the time 

required to obtain these services. Finally, we asked respondents to report the amount of work 

missed, miles traveled, and travel expenses due to their child’s health. These survey 

questions were adapted from instruments used in prior published studies.7,8

Outcome variables

Our outcome measures are classified as healthcare utilization, travel expenses, or indirect/

time costs. The values for each of these variables were elicited from parents of the injured 

children through surveys at the 3 time periods (0-3, 3-6, or 6-12 months following discharge 

from the hospital for the initial injury).

The healthcare utilization variables included indicators for whether the injured child had any 

ED visits, hospital admissions, over-the-counter (OTC) medications, and prescription 

medications during the time period in question. Travel expenses included expenditures 

incurred for healthcare visits including gasoline, public transportation, or parking. Indirect 

costs represent the time that patients or caregivers spend pursuing healthcare activities. In 

our study, these costs were related to the healthcare activities of the injured child and 

included the number of days missed from work, the number of miles traveled, time spent in 

ED visits following the initial injury, and time spent for all healthcare encounters following 

the initial injury. These indirect “costs” are measured in their natural units including days for 

missed work, miles for the distance traveled, and hours for the time spent in ED and all 

healthcare encounters. However, in secondary calculations, we converted these estimates 

into dollars to enhance their usability in assessing the burden of pediatric TBI. Assuming an 

8-hour workday, we multiplied the estimated mean number of work days missed for parents 

of children with TBI by the mean daily wage. This mean daily wage was calculated from 

site-specific mean hourly wages obtained from the US Department of Labor ($21.22 for site 

1 and $22.38 for site 2) plus 30% for benefits. Using recently published estimates of the 

incidence of pediatric TBI from Koepsell et al9 and the number of children in the United 
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States in 2016 from the US Census Bureau,10 we constructed estimates of the aggregate 

number of missed workdays and productivity cost in the 12 months following injury each 

year.

Independent variables

The key exposure for our primary analyses was the presence of TBI versus OI. In secondary 

analyses, TBI was further categorized into levels of severity based on the Glasgow Coma 

Scale (GCS)11: mild, complicated mild/moderate, and severe. TBI cases were deemed to be 

mild, according to the CDC and World Health Organization (WHO) definitions, if these 

injuries had a GCS score of 13 or higher when the child presented in a healthcare setting, a 

score of at least 15 at discharge or after 24 hours if hospitalized, and 1 or more of the 

following: a period of transient confusion, loss of consciousness for 30 minutes or less, 

posttraumatic amnesia for less than 2 hours, or transient neurological abnormalities. 

Computed tomographic scans were read by pediatric neuroradiologists at each site and used 

to subclassify the children with mild TBI as having mild or complicated mild TBI based on 

the presence of intracranial hemorrhage. We categorized children with GCS scores between 

9 and 12 as having moderate TBI and those with GCS scores between 3 and 8 as having 

severe TBI. Very few of the children in our cohort had moderate TBI, so because of 

similarities in outcomes noted in previous studies,12 we grouped these individuals with those 

with complicated mild TBI.

Our multivariable analyses controlled for a number of covariates, including patient 

demographic characteristics (age, race, and sex), parent demographic characteristics 

(education level, marital status, and employment), family characteristics (insurance type, 

rurality, below the poverty level, receipt of financial assistance, General Functioning Scale 

of the McMaster Family Assessment Device,13 and Social Capital Index14), and admission 

type (ED-only, inpatient admission, pediatric intensive care unit admission).

Statistical analysis

To determine the healthcare utilization, healthcare-related travel expenses, and indirect costs 

associated with TBI, we estimated multivariable regression models appropriate for each 

outcome. These models controlled for the covariates outlined earlier. We used logistic 

models for binary outcomes (healthcare utilization) and 2-part models for outcomes with 

excessive zeros and continuous, nonzero values (healthcare-related travel expenses and 

indirect cost outcomes).15 For the 2-part models, we used logistic models for part 1 and 

generalized linear models (GLMs) for part 2. We used the modified Park test to determine 

the appropriate distributional family for our GLM regressions. Each model was run 

separately for each of the 3 outcome time periods (0-3, 3-6, and 6-12 months). Results of the 

2-part models were converted to their natural units (ie, dollars, days, miles, and hours) to 

examine the impact of TBI on the outcome across both the first and second parts of the 

model using the method of recycled predictions.16 We restricted the models for days of 

missed work outcomes to just those respondents who were employed at the baseline 

interview. We ran each model first with all patients included and then separately for each 

site. Finally, we ran regression analyses for the missed work outcome variable stratified on 

age, marital status, and poverty-level variables. Our age groups for stratification (0-4, 5-9, 
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10-14, and 15 years) were based on those used in a recent study that reported incident rates 

for pediatric TBI in the United States.9 We aligned our age groups in this way so as to apply 

the age group–specific estimates of missed work associated with pediatric TBI with the age 

group-specific incidence rates of pediatric TBI from the Koepsell et al9 article to generate 

estimates of the aggregate burden of missed work due to these injuries. To construct these 

estimates, we summed the significant effects from the age-stratified missed work regressions 

using the TBI variable categorized by severity across each of the 3 time periods and then 

multiplied this sum by the estimated number of pediatric TBIs per year by age and severity. 

The number of pediatric TBIs in the United States per year was calculated by applying the 

incidence rates from Koepsell et al9 to the number of children in the United States in 2016 

from the US Census Bureau.10

RESULTS

Patient characteristics

We enrolled a total of 715 patients across the 2 sites (see Supplemental Figure 1, available 

at: http://links.lww.com/JHTR/A273), of whom, 531 had TBI and 184 had OI (see Table 1). 

Of those with TBI, 201 (37.9%) had mild TBI, 215 (40.5%) had complicated mild or 

moderate TBI, and 115 (21.7%) had severe TBI.

A total of 401 patients (300 with TBI and 101 with OI) were enrolled at site 1 and 314 

patients (231 with TBI and 83 with OI) were enrolled at site 2. Patients with AHT made up 

61% (n = 11) of the severe TBI patients in our sample younger than 2 years, which is 

slightly higher than the 53% reported in other published studies.17

Unadjusted cost estimates

Parents of children with TBI missed more days of work during months 0 to 3 (8.2 vs 2.4, P 
< .0001) and 3 to 6 (4.9 vs 2.1, P = .015) than parents of those with OI. In addition, more 

patients with TBI had OTC (44.5% vs 33.8%, P = .009) and prescription medications 

(13.5% vs 6.6%, P = .009) during the 3- to 6-month period than those with OI (see Figure 1).

Multivariable regression models

Table 2 contains the results for the multivariable regression analyses for TBI compared with 

OI. Parents of children with TBI missed 6.23 (95% CI, 5.35-7.11) and 13.22 (95% CI, 

9.22-17.22) more days of work than those with OI during the first 3 months and months 3 to 

6 following their injury, respectively. In addition, during months 3 to 6 after their injury, 

parents of children with TBI traveled 3.09 (95% CI, 2.17-4.01) more miles for their child’s 

healthcare encounters than those of children with OI. For direct healthcare costs, children 

with TBI had greater odds of having an ED visit in the first 3 months (odds ratio [OR] = 

3.04; 95% CI, 1.12-8.24) and months 3 to 6 (OR = 5.00; 95% CI, 1.08-23.24) after their 

injury and both OTC (OR = 1.98; 95% CI, 1.34-2.94) and prescription medications (OR = 

2.34; 95% CI, 1.19-4.59) during months 3 to 6 following their injury.

Parents of children with TBI missing significantly more days of work than those of children 

with OI in both sites. However, there were large differences between the 2 sites in the effect 
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on miles traveled and travel expenses, with a positive effect for both outcomes at site 1 and a 

negative effect for both outcomes at site 2.

Table 3 contains the results of our multivariable regression models in which TBI was further 

characterized by severity. While the results generally follow those from models in which 

TBI was considered overall, the magnitude of the effects shown in Table 3 increases with 

TBI severity. For example, compared with parents of children with OI, those whose children 

had mild, complicated mild/moderate, or severe TBI missed 2.82 (95% CI, 1.92-3.72), 5.03 

(95% CI, 3.93-6.3), and 14.68 (95% CI, 11.84-17.53) days of work during the first 3 months 

following injury, respectively. For months 3 to 6 following injury, the missed workdays were 

2.40 (95% CI, 1.31-3.49) for those of children with complicated mild/moderate TBI and 

11.78 (95% CI, 8.49-15.06) for those of children with severe TBI; for months 6 to 12, 

missed workdays were 3.14 (95% CI, 1.10-5.18) for those of children with severe TBI. In 

addition, those with severe TBI had elevated odds of having ED visits, hospital admissions, 

OTC medications, and prescription medications compared with those with OI. Supplemental 

Digital Content Table 1 (available at: http://links.lww.com/JHTR/A275) and Table 2 

(available at: http://links.lww.com/JHTR/A276) show similar results at site 1 and site 2, 

respectively.

In stratified analyses with TBI as a binary variable (see Supplemental Digital Content Table 

3, available at: http://links.lww.com/JHTR/A277), parents of children in the 10- to 14-year 

age group had the most missed workdays: 10.20 (95% CI, 5.31-14.10) for the first 3 months; 

9.24 (95% CI, 4.45-14.03) for months 3 to 6; and 3.45 (95% CI, 0.06-1.73) for months 6 to 

12. TBI had a similar impact on missed workdays for parents who were and were not 

married across all 3 time periods, and TBI was significantly associated with parents missing 

work in those above the poverty line, 12.77 (95% CI, 7.76-17.78) for months 0 to 3 and 5.63 

(95% CI, 1.20-10.06) for months 3-6, but not in those below the poverty line. Finally, for the 

most part, the number of days of missed work increased with severity of for each stratified 

analysis (see Supplemental Digital Content Table 4, available at: http://links.lww.com/JHTR/

A278).

Aggregate burden estimates

Results from our aggregate burden calculations are presented in Supplemental Digital 

Content Figure 2 (http://links.lww.com/JHTR/A274). Using the Koepsell et al9 incidence 

rates, we estimate that 243 623 cases of pediatric TBI occur in the United States each year, 

with the vast majority of those cases (97.2%) being mild. Applying our estimates of the 

number of missed workdays per case to this estimate of the total number of pediatric TBIs, 

we calculated a total of 791 657 (95% CI, 755 232-828 081) missed workdays due to 

pediatric TBI per year in the United States, which translates into $179.5 million (95% CI, 

171.2-187.8) in lost productivity.

DISCUSSION

This study is the first to estimate the impact of childhood TBI on parents’ missed work, 

travel expenses, and time spent on healthcare encounters for their injured children. We found 

that parents of children with TBI at site 1 missed 15.51 (95% CI, 10.76-20.27) days of work 
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whereas those at site 2 missed 10.47 (95% CI, 4.29-16.65) days of work during the 12 

months following injury. These costs represent lost productivity to the society and lost 

wages for parents whose employment does not allow them to take paid leave for personal 

matters. In secondary analyses, we calculate that pediatric TBIs are associated with an 

estimated 791 657 (95% CI, 755 232-828 081) days of work are missed each year, 

amounting to $179.5 million (95% CI, 171.2-187.8) in lost productivity.

In addition, we found that parents of TBI patients at site 1 traveled 74.15 (95% CI, 

28.16-120.14) miles more than those of children with OI controls during this 1-year period 

whereas those at site 2 traveled 39.89 (95% CI, 19.61-60.16) miles less. Rural families, who 

were more concentrated in site 1, frequently must travel long distances to receive specialty 

care and incur higher costs.

The results for healthcare utilization are consistent with those reported in other studies. For 

example, Graves et al3 compared total healthcare costs for those with moderate and severe 

TBIs with those with mild TBIs using data from the MarketScan Commercial Claims and 

Encounters database. In the 12 months following TBI diagnosis, they found that, relative to 

mild TBI, cost ratios ranged from 1.84 to 11.07 for severe TBI and 1.33 to 4.91 for moderate 

TBI depending on age. Leibson and coauthors,4 using data from the Rochester 

Epidemiology Project and matched TBI patients with randomly selected non-TBI patients on 

patient characteristics. Individuals with TBI had $3418 higher costs over a 6-year period 

than their matched counterparts. Finally, TeAoet al18 conducted an incidence-based cost-of-

illness analysis of direct and indirect costs of TBI in adults in New Zealand. They estimated 

that for the 17% of individuals in their cohort who incurred any indirect costs in the year 

following injury, these costs averaged $2000 (95% CI, 1658-2385).

Our analysis improves on these previous studies in several important ways. First, we 

included non-TBI control patients with non-head-injured patients. Therefore, the increased 

healthcare utilization and indirect costs found here are more likely to truly represent the 

costs associated with TBI. Second, our study is the first to include measures of parental time 

in an assessment of the burden of pediatric TBI. As we have found, missed workdays and 

travel costs are substantial and give new insight into the burden borne by families of children 

with TBI. Third, our study was conducted in 2 sites in the United States, allowing us to 

examine similarities and differences across these settings. For instance, the positive 

relationship between TBI severity and missed workdays was seen in both site 1 and site 2 

study participants. However, while the number of miles traveled to receive care for 

participants in site 1 was positive and higher for more severe TBI cases, families of children 

with TBI in site 2 traveled significantly fewer miles than controls. These stark differences 

are likely due to differences in geography and referral patterns at each institution.

Our study had several limitations. First, because our data were collected through surveys, 

they may be inaccurate due to recall bias. Second, while children were enrolled from 2 

states, our results may not be generalizable to children and their families from other regions. 

For example, several recent publications have documented differences in a variety of 

pediatric TBI outcomes such as discharge to rehabilitation and inpatient mortality by region 

or state in the United States.19,20 An additional study described factors that are important for 
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successful recovery for pediatric TBI patients (including identifying at-risk children at the 

time of injury and receiving follow-up medical, transitional, and educational services).21 

These studies suggest that the availability and adequacy of acute and follow-up care may be 

quite different in different areas of the country, which could lead to differences in the 

outcomes of our study. It is also true that the generalizability of our results may be limited 

by the extent to which the participants in our study differ from the general population of 

children with TBI. For example, the contribution of AHT to our estimates of the postinjury 

consequences of TBI may be slightly higher because of small differences, relative to other 

published studies, in the proportion of children with severe TBI younger than 2 years than 

the proportion of those with AHT (61% in our study vs 53% in the Keenan et al17 study) and 

in the proportion of younger children in our cohort (44% in our study vs 39% in the 

Koepsell et al9). Third, while our study expands the previously understood estimates of total 

societal burden of pediatric TBI, there may be additional costs to families that we were not 

able to measure. For example, some families may need to make modifications to their home 

to accommodate their injured child such as installing ramps or handrails. Fourth, our 

utilization and missed work outcomes were not TBI specific. By performing regression 

models with both TBI and non-TBI patients that controlled for a number of observable 

patient characteristics, we did our best to tease out the outcomes that were attributable to 

TBI but our estimated effects likely still contain some non–TBI-related healthcare utilization 

and missed work. Finally, the patients in our TBI group may have had additional injuries that 

could have contributed to the direct and indirect cost outcomes analyzed here. However, in 

additional analyses, we restricted our TBI patients to those with no additional injuries and 

our results were consistent with those reported here.

In conclusion, we found that children with TBI were more likely to have ED visits and use 

both OTC and prescription medications than the OI control children. In addition, parents of 

children with TBI missed significantly more workdays than parents of OI children and the 

magnitude of this effect increased with TBI severity. These missed workdays, extrapolated 

to the whole country using age-specific incidence rates, represent a substantial amount of 

lost productivity. Future research should investigate predictors of missed workdays and 

travel cost among families of pediatric TBI patients and to identify additional factors that 

modify this effect including socioeconomic status (which has been shown to be associated 

with pediatric injury risk22), community and family support, and geographic location.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Descriptive statistics for outcome variables.
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