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Abstract

PURPOSE—American Indian/Alaska Native (AI/AN) people have the highest traumatic brain 

injury (TBI)-related mortality in the United States, but little is known about AI/AN children who 

survive traumatic brain injury (TBI). This study compares function and factors associated with 

discharge function between AI/AN and White children with TBI during inpatient rehabilitation.

METHODS—Retrospective national cohort study of 114 AI/AN and 7,267 White children aged 6 

months-18 years who received inpatient TBI rehabilitation between 2002–2012 at facilities 

utilizing the Uniform Data System for Medical Rehabilitation®. The outcome measure was 

developmental functional quotients (DFQ is the FIM® or WeeFIM® score divided by age norms × 

100) at discharge.

RESULTS—AI/AN race was not associated with motor (regression coefficient (β) 0.18, 95% 

confidence interval (CI) −2.39, 2.76) or cognitive (β −1.54, 95% CI −3.75, 0.67) function. Among 

a subgroup with loss of consciousness > 24 hours (AI/AN n = 13, White n = 643), AI/AN race was 

associated with lower motor DFQ (β −12.83, 95% CI −25.39, −0.34).

CONCLUSIONS—Overall, AI/AN race was not associated with inpatient rehabilitation function 

for children with TBI, but providers should not assume AI/ANs with more severe injuries have 

equitable outcomes.
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1. Introduction

American Indian and Alaska Native (AI/AN) children have the highest mortality from 

unintentional injury in the Unites States [1,2]. Further, AI/AN people have the highest 

traumatic brain injury (TBI)-related mortality in the United States (27.3/100,000 for AI/AN 

versus 18.4/100,000 for the total population) [3]. Even with the reported disparities in injury 

and TBI mortality for AI/AN people, few studies have examined TBI treatment and 

outcomes in this population; moreover, studies among AI/AN children are non-existent.

While the literature is limited for AI/ANs, racial and ethnic disparities in functional 

outcomes after TBI have been demonstrated for non-AI/AN minority groups. Non-White 

adults with TBI had worse outcomes across a variety of long-term post-injury measures 

compared to non-Hispanic White (NHW) adults [4]. Hispanic children had higher levels of 

disability after TBI compared to NHW children three years after TBI [5]. There have been 

studies examining disparities during the inpatient rehabilitation period for adults with TBI 

[6,7], but AI/AN people were either excluded or grouped with other minorities in these 

studies meaning that the rehabilitation experience for AI/ANs with TBI is unknown.

A disability disparities model proposed by Dr. Allen Lewis identifies potential mechanisms 

contributing to disparities in rehabilitation outcomes for minority groups, including unequal 

service quality or quantity, differences in the treatment alliance between rehabilitation teams 

and families, cultural expectations regarding the value of treatments, and differences in a 

minority group’s worldview about the health condition causing functional impairment [8]. 

There is a small body of literature that shows differences between indigenous people of 

North America (including AI/ANs and indigenous groups in Canada) and the general 

population in the domains of the disability disparities model. Native North Americans at one 

Canadian inpatient rehabilitation facility had significantly fewer family conferences during 

inpatient rehabilitation, suggesting a difference in the service quality and quantity for Native 

North Americans [9]. Interviews with traditional healers identified culturally specific 

barriers and facilitators for treating AI/AN patients at a level I trauma center, suggesting a 

need for improved cultural competence among providers caring for AI/AN patients with 

traumatic injury [10]. A study of Canadian First Nations elders found differences between 

the Western and traditional approach to healing after TBI, and stressed the need for 

culturally safe and responsive occupational therapy services for First Nations individuals 

with TBI [11]. These studies suggest that the worldview of AI/AN people regarding TBI and 

cultural expectations for service differs from that of the majority population, which may 

affect rehabilitation outcomes for AI/AN children with TBI.

Using a national database, this study aims to compare motor and cognitive functional 

changes during inpatient rehabilitation between AI/AN and White children with TBI, with a 

hypothesis that AI/AN children will have less gain in function during inpatient 

rehabilitation. This study also aims to identify factors associated with functional status at 

discharge from inpatient rehabilitation for children with TBI, with a hypothesis that these 

factors differ between AI/AN and White children.
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2. Methods

2.1. Patient population

This retrospective study of an administrative cohort included children 6 months to 18 years 

of age, who received initial inpatient TBI rehabilitation between January 1, 2002-December 

31, 2012. This study utilized data from the Uniform Data System for Medical Rehabilitation 

(UDSMR®) which maintains data from over 800 inpatient rehabilitation facilities in the 

United States, representing approximately 70% of the rehabilitation facilities in the country 

[12]. Included in this study were children with race/ethnicity coded by rehabilitation unit 

staff as AI/AN or White in the UDSMR (UDSMR®) database. Other UDSMR race/ethnicity 

categories include the following: Black, Hispanic, Asian, Other, and Multiracial. In order to 

focus attention on AI/AN children, the analysis did not include other minority groups. The 

data provided by UDSMR was de-identified, so this study was exempt from IRB review.

Only children with UDSMR impairment codes corresponding to closed, open, or unspecified 

TBI and ICD-9 codes related to TBI or late effects of TBI (800.0–801.99, 803.0–804.99, 

850.0–854.99, 905.0, 907.0, 959.01, 995.5) were included. TBI diagnostic codes were 

recorded from the primary rehabilitation diagnosis or one of 10 comorbidity fields. Children 

with impairment codes related to major multiple trauma, such as spinal cord injury, in 

addition to TBI were not included.

2.1.1. Functional outcome measures

All patients receiving inpatient rehabilitation at facilities that contribute data to UDSMR are 

assessed at rehabilitation admission and discharge by physical, occupational, and speech 

therapists certified in using the Functional Independence Measure (FIM® instrument) or 

Functional Independence Measure for Children (WeeFIM® instrument). Both instruments 

measure function in 3 subscales – mobility (5 items), self-care (8 items) and cognition (5 

items) – with every item scored from 1 (dependent) to 7 (independent) and use similar 

scoring criteria. Previous studies have found that the items fall into two domains, cognitive 

and motor (a combination of the mobility and self-care subscales) [13,14].

Developmental functional quotients (DFQ) [15,16] for the motor and cognitive domains of 

the FIM (FIM®) and WeeFIM (WeeFIM®) assessments were used as the main outcome 

measures rather than the raw FIM or WeeFIM scores because of the known effect of age on 

functional ratings for children under age seven [17]. DFQs allow for comparisons across age 

groups by providing a quotient score based on age-normative values reported by the 

UDSMR, and derived from a sample of 414 children without known disability or 

developmental delay [18]. DFQs are provided by UDSMR for all patients assessed using the 

WeeFIM instrument. For patients for whom the FIM instrument was used, DFQs were 

calculated following the methodology of the WeeFIM instrument, where DFQ is calculated 

by taking the raw WeeFIM score divided by age norms multiplied by 100.

A higher DFQ indicates that a child functions closer to the level expected by age. At the age 

of 7, a typically developing child is expected to achieve independence on all items, such that 

the normative score for children 7 and older is 126, the highest possible FIM or WeeFIM 

score. For children under age seven, it is possible to have a DFQ above 100 if a child 
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functions at a higher level than anticipated based on age. To control for outliers with DFQs 

that did not make sense clinically, cases with DFQ at admission or discharge above 150 were 

excluded.

2.2. Covariates

Other information in the UDSMR dataset included age, gender, race, discharge year, 

rehabilitation length of stay and primary payer for the rehabilitation admission. Primary 

payer is the only marker of socioeconomic status within the UDSMR dataset and was 

categorized as commercial insurance coverage, Medicaid/governmental insurance coverage, 

or other.

Based on clinical experience, AI/AN children may be admitted to inpatient rehabilitation 

with higher levels of function after less severe injury than the average patient with TBI 

because of limited access to outpatient rehabilitation services, making injury severity a 

covariate of interest. Injury severity predicts long term function [19–21], but unfortunately is 

not directly captured in the UDSMR database. Time from injury onset to rehabilitation 

admission is a proxy for injury severity [22,23], but this variable was only provided for 

children assessed with the FIM and not with the WeeFIM in this dataset. The UDSMR 

dataset contains International Classification of Disease (ICD-9) diagnostic codes for 

traumatic brain injury assigned by providers at the rehabilitation facility. The fifth digit of 

ICD-9 codes 800.00–801.99, 803.00–804.99, and 850.00–854.99 indicates the presence and 

duration of loss of consciousness (LOC) in the setting of TBI. Each subject was classified as 

having LOC less than or equal to 24 hours, LOC 24 hours or more, or an unknown length of 

LOC (ICD-9 fifth digit values of 0, 6, or 9, or with ICD-9 codes that do not indicate LOC). 

Length of LOC was used as a marker of injury severity in the subgroup of children with 

known length of LOC.

2.3. Data analysis

Differences between the AI/AN and White groups in demographic variables were examined 

with chi-square statistics and t-tests. To compare functional outcomes between AI/AN and 

White groups, t-tests were used for admission and discharge DFQs for the motor and 

cognitive domains. An exploratory subgroup analysis among AI/AN and White subjects 

with known length of LOC was performed using t-tests to compare admission and discharge 

DFQs for the motor and cognitive domains.

To determine the independent association of race with motor and cognitive discharge DFQ, 

and to assess if factors associated with discharge DFQ differed between the AI/AN and 

White groups, multiple linear regressions clustered by facility using robust standard errors 

were performed with the AI/AN and White cohorts together and separately. Exploratory 

regression analyses were performed for the subgroups with known length of LOC. All 

regression models used motor or cognitive discharge DFQ as the dependent variable. 

Independent variables were established on a priori hypotheses and included admission DFQ, 

age, gender, year of discharge from rehabilitation, length of stay, insurance, and race. There 

had been concern that admission DFQ would be collinear with length of stay; measures of 
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collinearity showed that both admission DFQ and length of stay were not collinear and thus 

both were included in the regression model. Year of discharge from rehabilitation was 

included to account for potential changes in care over the 11 year study period.

Statistical significance was set at a p-value of 0.05 for all analyses. Stata® 13 (StataCorp, 

College Station, TX) was used for statistical analyses.

3. Results

3.1. Demographics

The sample consisted of 114 AI/AN and 7,267 White children (Fig. 1). As shown in Table 1, 

there was no significant difference between the AI/AN and White groups in gender, mean 

age or rehabilitation length of stay. A subgroup of 1,333 children (18%) had diagnostic 

codes indicative of length of loss of consciousness. There was no significant difference 

between the AI/AN and White groups in the distribution of patients with unknown length of 

LOC, LOC less than or equal to 24 hours, or LOC greater than 24 hours. AI/AN children 

were more likely to have non-commercial insurance (76% versus 31%, p < 0.001) and be 

evaluated with the FIM instrument (73% versus 55%, p < 0.001) compared to White 

children. The demographic trends were similar in the 1,333 children (24 AI/AN and 1,309 

White) with known length of LOC, and there was no significant difference in mean age or 

length of rehabilitation stay between the AI/AN and White children when stratified by 

length of LOC.

3.2. Developmental functional quotients

Table 2 shows the mean admission and discharge DFQs for the motor and cognitive domains 

of the FIM and WeeFIM instruments, with subgroups stratified by length of LOC. AI/AN 

children had higher motor DFQ at admission than White children (mean difference, 7.3, 

95% confidence interval (CI) 3.3 to 11.3). Among children with LOC less than or equal to 

24 hours, AI/AN children had higher admission motor DFQ than White children (mean 

difference 12.4, 95% CI 0.2 to 24.6). There were no statistically significant differences in 

discharge DFQ between the groups, though there was a trend toward a lower discharge 

motor DFQ (mean difference −12.2, 95% CI −25.3 to 0.9) for AI/AN compared to White 

children with LOC greater than 24 hours.

3.3. Regression analyses

In the primary multiple linear regression models, AI/AN race was not independently 

associated with discharge motor or cognitive DFQ. When adjusting for all covariates, 

discharge DFQ in the motor and cognitive domains was significantly associated with 

admission DFQ, patient age and insurance status. In the cognitive domain, female gender 

was significantly associated with a higher discharge DFQ (regression coefficient (β) 1.13, 

95% CI 0.28 to 1.99). Younger patients and those with Medicaid/governmental insurance 

had lower discharge DFQ in both domains (p ≤ 0.002). A discharge year later in the study 

period was associated with a lower motor discharge DFQ (p = 0.04). (Table 3)
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Separate regression analyses for the AI/AN and White cohorts identified differences 

between the cohorts in the factors that were associated with discharge DFQ. Insurance status 

was associated with the motor and cognitive domains only for the White cohort (p ≤ 0.002) 

and not significantly associated with discharge function for the AI/AN cohort. Discharge 

year was more strongly associated with discharge cognitive DFQ for AI/AN children 

compared to White children (β 1.02, 95% CI 0.11 to 1.93 versus β 0.18, 95% CI −0.06 to 

0.43). (Table 3)

In the exploratory subgroup analysis of those children with known LOC (n = 1,333, AI/AN= 

24, White = 1,309), AI/AN race was independently associated with a lower motor discharge 

DFQ (β −7.56, 95% CI −14.84 to −0.28), after adjusting for the other covariates. For 

children with LOC lasting 24 hours or longer, AI/AN race was associated with a 12.86 point 

lower discharge motor DFQ (β −12.83, 95% CI −25.39 to −0.34) (Table 4).

4. Discussion

This study of a national sample of AI/AN and White children with TBI undergoing inpatient 

rehabilitation found race was not significantly associated with discharge function. AI/AN 

children with TBI differed from White children in the variables that were associated with 

functional improvements during rehabilitation. A discharge year toward the end of the study 

period was associated with a higher cognitive discharge function for AI/AN children 

compared to White children. Female gender was associated with higher discharge cognitive 

function for White children but not AI/AN children.

In concordance with other studies [24,25], admission functional scores and age were 

associated with discharge functional scores for AI/AN and White children with TBI in this 

study. Similar to this study, a recent study found the effect of Hispanic and Non-Hispanic 

Black race/ethnicity on discharge function after inpatient rehabilitation for TBI was non-

significant after adjustment for other variables including insurance status [26].

In an exploratory subgroup analyses among the children that had known length of LOC, 

AI/AN race was associated with a lower discharge functional score in the motor domain 

after adjusting for admission function, age, gender, discharge year and insurance. Given the 

limited number of AI/AN children in this dataset with known length of LOC, this finding 

would benefit from confirmation with a study designed specifically to compare rehabilitation 

outcomes among AI/AN and White children. Hypotheses for why AI/AN children with more 

severe injuries may have lower discharge motor DFQ need to be investigated, but could 

include AI/AN children having limited support due to the distance from child’s home to the 

rehabilitation facility (as seen in the authors’ clinical experience), treatment alliance 

mismatch related to cultural factors for AI/AN children and their families (as suggested by 

Dr. Lewis’s Disability Disparities Model [8]), or different family-team communication 

during the rehabilitation process for AI/AN children (similar to the differences seen in the 

Saskatchewan inpatient rehabilitation unit where indigenous patients had fewer family-team 

meetings [9]). These factors could be magnified with the longer length of stay needed for 

rehabilitation of a more severe injury.
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The year of discharge from rehabilitation was more strongly associated with cognitive 

outcomes among AI/AN children than among White children in this study. An AI/AN child 

discharged from a rehabilitation facility in 2012 was predicted to have a cognitive discharge 

score 11 points higher compared to a AI/AN child discharged in 2002; for White children, 

discharge year was not significantly associated with cognitive function at discharge. A 

hypothesized mechanism for this improvement over time is that infrastructure upgrades 

allowed AI/AN communities improved access to internet and cellular phone services, which 

may have made it easier for AI/AN children to communicate with their extended families 

and meaningfully use the skills being measured in the cognitive domain of the FIM and 

WeeFIM instruments. In 1995, 20% of AI/AN households had a personal computer and less 

than 5% of AI/AN households had a computer with internet access; in 2012 68% of AI/AN 

household had a computer and 58% have internet access at home [27]. Further investigation 

into the rehabilitation experience of AI/AN children may elucidate potential mechanisms 

that could be utilized to further improve functional outcomes for this population.

4.1. Study limitations

This retrospective study has several limitations. The number of AI/AN included in the 

database is small. Previous studies have shown it was far more likely for an AI/AN person to 

be ascribed a different race/ethnicity rather than a non-AI/AN person being identified as 

AI/AN [28,29]. It is likely that not all AI/AN children with TBI treated at UDSMR-

subscribing facilities were correctly classified by race, lowering the AI/AN sample size and 

power of the study.

There were no direct indicators of injury severity in the UDSMR database. Time from injury 

to rehabilitation admission was non-randomly missing for 45% of the sample. Admission 

functional score and change in functional score during rehabilitation have been shown to be 

inversely related to length of time from injury to rehabilitation admission [24]. Without 

being able to control length of time from injury to rehabilitation admission, functional score 

at admission was thought to be an insufficient proxy measure of injury severity. Length of 

LOC was only specified in 18% of the total sample, and will vary by the facility processes of 

recording diagnostic codes, but was the best available surrogate measure of injury severity in 

this dataset. Comparing several variables by length of LOC indicated that grouping by 

length of LOC differentiated subgroups that were functionally different and with different 

rehabilitation length of stay. However, it is unclear how representative the subgroup with 

length of LOC recorded in the diagnostic code is of the study population who did not have 

detailed diagnostic codes.

A national database linking injury markers and acute care outcomes with the functional 

outcomes found in the UDSMR datasets for children with TBI would eliminate the need for 

proxy measurement of injury severity. The TBI Model Systems serve this need for adults 

and older teens, but only for those seen at Model System centers, which are not currently 

located in areas with large AI/AN populations.

The only available marker of socioeconomic status in the dataset was insurance type. The 

dataset does not accurately capture poverty – which is more highly concentrated in in the 
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Southeast and on AI/AN tribal land [30]. Parents of families living in poverty may need to 

continue working to meet their family’s financial needs and thus they may not attend their 

child’s inpatient rehabilitation therapy sessions and learn how to promote their child’s 

progress. This is hypothesized to influence the child’s ability to practice functional skills 

with their family outside of formal therapy sessions and the child’s overall functional 

improvement. While the WeeFIM instrument contains a variable indicating household 

structure, the FIM instrument does not. American Indian and Alaska Native children are 

more likely to live in single-parent households [31,32], which may affect parental presence 

during rehabilitation. Research on the association of family presence throughout 

rehabilitation and functional outcome may reveal mechanisms through which disparities in 

functional outcomes develop.

5. Conclusions

Representing a small percentage of the overall population, AI/AN children bear a 

disproportionate burden of traumatic injury. This study indicates that overall, AI/AN race is 

not associated with functional outcomes during inpatient rehabilitation for children with 

TBI, but rehabilitation providers should not assume AI/AN with more severe injuries have 

the same rehabilitation experience as the general population. The importance of culturally-

sensitive care in achieving optimal rehabilitation outcomes is increasingly acknowledged 

[33]. Rehabilitation physicians who scored higher on a test of implicit racial bias had 

patients with more limitations in social integration, higher levels of depression and lower life 

satisfaction than physicians who demonstrated less implicit bias [34]. The link between 

cultural sensitivity and patient outcomes is corroborated outside of rehabilitation. Minority 

patients with HIV whose providers have higher self-rating of cultural competenence are 

more likely to be on appropriate treatments and report higher self-efficacy than patients 

whose providers reported lower self-rated cultural competence [35]. Further research is 

needed to understand the AI/AN experience of injury and rehabilitation in order to support 

the development or adaptation of culturally-sensitive interventions to improve the 

rehabilitation experience and outcomes for AI/AN children.
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Fig. 1. 
Study population. Abbreviations: AI/AN (American Indian/Alaska Native), DFQ 

(Developmental Functional Quotients), ICD-9 (International Classification of Diseases, 

Ninth Revision), TBI (traumatic brain injury), UDSMR® (Uniform Data System for Medical 

Rehabilitation).
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