
PEDIATRIC TRAUMATIC BRAIN INJURY: DO RACIAL/ETHNIC DISPARITIES EXIST

IN BRAIN INJURY SEVERITY, MORTALITY, OR MEDICAL DISPOSITION?

Introduction: Little is known regarding pedi-

atric racial/ethnic disparities. We sought to

determine if racial/ethnic disparities exist in

the severity, mortality, or medical disposition

of pediatric traumatic brain injury (TBI).

Methods: We analyzed data from a compre-

hensive trauma database assembled at a large

independent children’s hospital. Among all

patients evaluated by the trauma service in the

emergency department (ED), cases of TBI were

identified (N51035). Analyses contrasted non-

Hispanic White children with all others (mi-

nority children). The relationship of race to

patient characteristics, brain injury severity,

mortality, and medical disposition (hospital

admission, intensive care unit admission) was

analyzed by using bivariable approaches and

multivariate logistic regression. The latter

controlled for age, overall injury severity, and

insurance status.

Results: Although sociodemographic charac-

teristics did not differ, the mechanism of injury

was significantly different (P,.001); minority

children were more likely to have been

a pedestrian or cyclist struck by a vehicle.

Minority children were less likely to require

transfer to the ED for treatment and were more

likely to be publicly insured (P,.001). No

differences in brain injury severity, mortality,

or medical disposition were observed with

both bivariable and multivariable approaches.

Conclusions: This study is one of the first to

examine potential disparities in trauma and

contributes to the small but growing literature

in pediatric health disparities. Multiple expla-

nations are explored, several with potential

implications for reducing disparities in other

health conditions. Identifying conditions in

which evaluation and treatment appears to

be free of disparities may provide insights for

subsequent investigations and interventions.

(Ethn Dis. 2005;15 [suppl 5]:S5-51–S5-56)
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INTRODUCTION

Among children #14 years of age,

traumatic brain injury (TBI) results in

an estimated 29,000 hospitalizations,

400,000 emergency department (ED)

visits, and 3000 deaths annually, which

makes it the leading cause of death and

permanent disability in children.1,2

Survivors of TBI may suffer from

impairments in intellectual functioning,

language, nonverbal skills, attention,

memory, concentration, coordination,

balance, vision, and executive function-

ing.3 TBI can also result in emotional

and behavioral problems, as well as

disorders such as epilepsy.3,4

Certain groups appear to be dispro-

portionately affected by TBI and its

consequences. TBI affects African

Americans more often than other races,

particularly among young males.5 Afri-

can Americans also have the highest

death rates from TBI.2 Racial and

ethnic disparities also exist in emergency

care for mild TBI. For example,

although African Americans have

a 35% higher incidence of TBI than

Whites,6 they are less likely to have

appropriate follow-up after ED dis-

charge.7 Additionally, non-Whites are

significantly more likely to be seen by

a physician in training and are more

likely not to return for a follow-up visit

after ED discharge.8

Most of these research studies of

TBI focused on adult populations.

Fewer research studies include data

from children and/or adolescents. As

a result, very little information is avail-

able related to TBI and pediatric

disparities, although the limited avail-

able literature suggests similar disparities

may exist for children. For instance,

estimated TBI rates for African-Amer-

ican children #4 years of age are 40%

higher than those for White children.9

Identifying these health disparities is the

first step to eliminating them and

improving health care for all. Despite

the importance of this heath condition,

it has not been widely explored with

respect to disparities.

The relative paucity of information

on disparities in pediatric TBI is not

surprising. While distressing disparities

have been observed in both the epide-

miology and treatment of diverse med-

ical and surgical conditions in adults,10

considerably less is known regarding

pediatric disparities generally. The pur-

pose of these analyses was to determine

if significant racial/ethnic disparities

exist in the severity, death rate, or

medical disposition of children with

TBI.

In this article we use information in

medical records to categorize children

with respect to race/ethnicity by using

traditional medical groupings such as

African American. In doing so, we need

to clarify our view that race is a socio-

cultural designation rooted in the his-

tory of Western colonial expansion

generally and debate in the United

States regarding slavery specifically.11

Racial designations are easily misunder-

stood as reflecting biological or inher-

ited traits leading to specific health

conditions or risks.12 Furthermore,

while a complete discussion of the

relationship between socioeconomic sta-
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tus and race is beyond the scope of this

paper, reducing health disparities re-

quires addressing both.13

METHODS

Study Population
Data for this study were obtained

from a series of all patients evaluated by

the trauma service in the ED of a large

independent children’s hospital between

January 1, 2001, and August 1, 2004.

The Centers for Disease Control and

Prevention case definition for TBI was

used to identify cases of craniocerebral

trauma. The following International

Classification of Diseases, Ninth Re-

vision, Clinical Modification (ICD-9-

CM) diagnostic codes are included in

the definition of traumatic brain injury:

1) 800.0–801.9 (fracture of the skull or

base of the skull); 2) 803.0–804.9

(other and unqualified and multiple

fractures of the skull); 3) 850.0–854.1

(intracranial injury, including concus-

sion, contusion, laceration, and hemor-

rhage); 4) 873.0–873.9 (other open

wound of head); and 5) 959.01 (head

injury not otherwise specified). All

charts were reviewed by specially trained

research nurses with a standard abstrac-

tion form. The protocol for abstraction

includes careful specification of variable

definitions and timing (eg, Glasgow

coma score [GCS] is to be recorded at

specific time points, including entry to

the ED and discharge). Patients were

eligible for inclusion in analyses if they

presented with injuries that included

any traumatic brain injury, including

blunt force, penetrating injuries, and

multisystem trauma. Subgroup analyses

were conducted of those who were

admitted to compare factors associated

with intensive care unit (ICU) admis-

sion versus routine admission. The

research division of the hospital’s trau-

ma service maintains the database with

approval from the Children’s National

Medical Center’s institutional review

board.

Variables Considered in
Analyses

To examine the relationship of race

to TBI mortality and medical disposi-

tion, selected sociodemographic vari-

ables were abstracted from charts in-

cluding race, gender, age, insurance

status (public vs all other). Preliminary

analyses demonstrated no statistically

significant or clinically relevant differ-

ences in outcome measures were found

among children who were other than

non-Hispanic Whites (African Ameri-

can, Latino, Asian, other). Furthermore,

the small numbers of children in several

of these groups precluded their separate

consideration. Therefore, analyses were

conducted by comparing non-Hispanic

White children to all others, which is

consistent with examining the effects of

socioculturally defined minority status

on TBI severity, medical disposition,

and outcome.11–13 Injury-relevant vari-

ables included mechanism of injury (fall

vs motor vehicle crash vs pedestrian/

cyclist struck vs other) and transfer

status (direct ED admit vs transfer from

outside hospital to ED). Medical factors

considered included final systolic blood

pressure measured in ED (,50th per-

centile for age vs all others), first GCS in

ED (3–15, where lower score indicates

more severe brain injury), and a validat-

ed injury severity score (ISS) (1–50;

higher values represent more severe

overall injury). Finally, as suggested

above, we investigated both mortality

before discharge and medical disposi-

tion from the ED (ICU vs. routine care,

admission vs. discharge).

Statistical Analysis
Bivariable analyses included Pearson

chi-square evaluation of differences in

proportions and unpaired t tests to

compare continuous variables. Multi-

variable analysis was conducted by using

logistic regression procedures, all of

which included ISS (as a measure of

injury severity), insurance status (as

a measure of socioeconomic status),

and age as covariates in order to most

accurately appreciate the relationship of

race to outcomes described above. GCS

was not included because it tightly

covariated with ISS, which resulted in

multicollinearity and did not differ

significantly between the groups being

compared. All analyses were conducted

by using Stata Statistical Software re-

lease 8.0 (StataCorp LP, College Sta-

tion, Texas), and P,.05 defined signif-

icant results.

RESULTS

During the study period, 1035

children were evaluated by the trauma

service for TBI. The average age of the

study population was 7.3 6 5.1 years

(mean 6 SD), with a range from 7 days

to 19 years old. The study group was

49% African American, 28% non-

Hispanic White, 8% Hispanic, and

14% other races including American

Indian and Asian. Children were in-

jured in Maryland (59%), the District

of Columbia (25%), Virginia (6%), or

other states in the mid-Atlantic (10%).

Most patients (33.3%) were injured

in a fall, with another 24.1% in a motor

vehicle crash, and 13.1% were a pedes-

trian/cyclist struck by a vehicle. The

remaining 29.5% were injured through

a variety of mechanisms including

nonaccidental, inflicted trauma. Slightly

more than one quarter (26.7%) were

transferred to the study hospital from

another ED. Most children had mild

injury as assessed in the ED by a low

mean ISS of 9.7 6 8.5 (interquartile

range [IQR] 4–27), and GCS 13.2 6

3.9.

As shown in Table 1, a variety of

patient characteristics were compared

between the two racial/ethnic groups

(non-Hispanic White vs racial/ethnic

minorities). Although sociodemo-

graphic characteristics did not differ,

the mechanism of injury was signifi-

cantly different (chi-square P,.001);

minority children were much more

likely to have been a pedestrian or
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cyclist struck by a motor vehicle.

Similarly, non-Hispanic White children

were more likely to have been trans-

ferred from other hospitals (which

reflects the geographic distribution of

racial groups in the region) and much

less likely to be publicly insured (which

reflects socioeconomic disparities in the

region). Neither ISS nor final systolic

blood pressure in the ED differed in the

groups compared. Finally, bivariate

comparisons of mortality, hospital ad-

mission, and ICU admission are also

shown. Approximately 57% of all

children in the data set were admitted

to the hospital, approximately one

quarter admitted to the ICU, and 3%–

4% died; none of these outcomes

differed by race/ethnicity. Similarly, as

shown in Table 2, no differences were

seen in GCS obtained at either ED

admission and discharge in the two

groups of children, which suggests they

experienced similarly severe TBI. Addi-

tional analyses of continuously distrib-

uted GCS (results not shown) produced

similar results.

In Table 3 the effects of minority

status on mortality and medical dispo-

sition are compared in all children with

complete data required for multivariable

analysis (N5914). As expected, injury

severity is highly predictive of death,

severe TBI as defined by GCS ,9 on

arrival to the emergency department,

hospital admission, and admission to

the ICU. Age also significantly affects

mortality (younger children are more

likely to die), but neither hospital nor

ICU admission. More relevantly, nei-

ther race nor insurance status is related

to either mortality or these measures of

medical disposition.

To examine this issue more thor-

oughly, we considered the relationship

of race to medical disposition in the

group of less severely injured children

(n5608). Excluded from these analyses

are children in the top one third of

injury severity with ISS .11. We

undertook these subgroup analyses be-

Table 1. Factors associated with race/ethnicity among children with traumatic brain injury: results of bivariate comparisons
(N51035)

Non-Hispanic White All Minorities

P value*n n

Male gender (%) 64 187 67.8 504 NS
Age group, y (%)

#1 18.8 55 20.2 150 NS
2–5 20.6 60 27.3 203
6–11 29.4 86 26.1 194
.11 31.2 91 26.4 196

Mechanism of injury (%)
Fall 37.7 110 31.6 235 ,.001
Motor vehicle crash 26.4 77 23.2 172
Pedestrian/cyclist 4.1 12 16.7 124
Other 31.8 93 28.5 212
Transfer from other hospital (%) 34.9 102 23.4 174 ,.001

Injury severity score (mean [95% CI]) 9.8 (8.8–10.8) 292 9.7 (9.0–10.3) 743 NS3

Hospital admission (%) 56.8 166 56.1 417 NS
ICU admission (%) 25.7 75 23.0 171 NS
Public insurance (%) 16.2 40 51.7 287 ,.001
Mortality (%) 3.1 9 4.3 32 NS
Low final SBP ED (% ,50th percentile for age) 31.2 65 24.8 149 NS

* P value determined by Pearson chi-square test unless noted otherwise.
3 P value determined by using the Student t test.
CI: confidence interval, ED: emergency department, ICU: intensive care unit, SBP: systolic blood pressure.

Table 2. Relationship of race/ethnicity to brain injury severity at two time points among children with TBI: results of bivariate
comparisons

Arrival ED GCS Final ED GCS

P valueNon-Hispanic White All Minorities Non-Hispanic White All Minorities

Mild/moderate TBI (n) 90.5% (218) 86.2% (536) 89.8% (202) 85.4% (510) NS
Severe TBI (n) 9.5% (23) 13.8% (86) 10.2% (23) 14.6% (87) NS

Mild/moderate TBI defined as GCS 9–15; severe TBI defined as GCS 3–8. P value determined by Pearson chi-square test. ED: emergency department, GCS: Glasgow coma

score, TBI: traumatic brain injury.
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cause few practitioner discretionary

decisions are made regarding the largely

mandatory admissions for more severely

injured children who are evaluated and

treated by tightly coordinated medical

and surgical teams. Therefore, any effect

of race on decision-making with respect

to disposition might become more

apparent in the group of children who

were less severely injured.

As shown in Table 4, injury

severity continues to affect the proba-

bility of hospital and ICU admission

in the group of less seriously injured

children. However, even in this

group where discretionary admis-

sions may have occurred, neither

hospital nor ICU admission ap-

pears related to race. However,

those with public insurance are

<50% more likely to be admitted

to the hospital than those with

private insurance (OR 1.54, 95%

CI 1.06–2.23, P5.023).

DISCUSSION

We sought to understand the re-

lationship of minority status to the

severity, medical disposition, and mor-

tality of pediatric TBI in a large series of

patients from a single children’s hospital

that serves as a regional trauma center.

These analyses were undertaken because

of the relative paucity of information

regarding both pediatric10,14 and injury

disparities.15,16

Table 3. Relationship of race/ethnicity to brain injury severity, mortality, and medical disposition among children with TBI:
results of multivariate logistic regression (N5914)

Odds Ratio 95% CI z P value

Severe TBI (GCS#8)*
Age .94 .89–.99 22.52 .012
ISS .86 .84–.89 21.45 .000
Public insurance .80 .48–1.33 2.87 NS
Non-Hispanic White .68 .38–1.23 21.28 NS

Mortality
Age .85 .78–.93 23.38 .001
ISS .82 .78–.86 28.25 .000
Public insurance .74 .32–1.70 2.70 NS
Non-Hispanic White .85 .32–2.24 2.33 NS

Hospital admission
Age .99 .96–1.02 2.59 NS
ISS 1.12 1.09–1.14 9.48 .000
Public insurance 1.34 .97–1.84 1.79 NS
Non-Hispanic White 1.00 .72–1.38 .00 NS

ICU admission
Age .97 .93–1.00 21.63 NS
ISS 1.16 1.13–1.18 12.69 .000
Public insurance 1.20 .82–1.77 .97 NS
Non-Hispanic White .78 .53–1.14 21.28 NS

* N5773. P value determined by using multivariate logistic regression. CI: confidence interval, GCS: Glasgow coma score, ICU: intensive care unit, ISS: injury severity score,
TBI: traumatic brain injury.

Table 4. Relationship of race/ethnicity to medical disposition among children with less serious TBI: result of a multivariate
logistic regression (N5618)

Odds Ratio 95% CI Z P value

Hospital admission
Age .98 .95–1.02 20.95 NS
ISS 1.21 1.14–1.28 6.35 .000
Public insurance 1.54 1.06–2.23 2.27 .023
Non-Hispanic White .99 .68–1.44 20.04 NS

ICU admission
Age .92 .87–.97 23.05 .002
ISS 1.36 1.25–1.49 6.78 .000
Public insurance 1.70 .98–2.95 1.98 NS
Non-Hispanic White .69 .39–1.22 21.28 NS

P value determined by using multivariate logistic regression. CI: confidence interval, ICU: intensive care unit, ISS: injury severity score, TBI: traumatic brain injury.
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We found that minority children in

this data set were no more likely to

experience severe traumatic brain injury

than non-Hispanic White children.

Furthermore, both among children of

all severity levels and those less seriously

injured, neither medical disposition nor

mortality differed by racial/ethnic

group. These results are generally re-

assuring and suggest that in this in-

stitution-specific data set, no apprecia-

ble disparities exist. These findings may

suggest approaches to decreasing dispar-

ities in other medical and surgical

conditions. To yield this potential

benefit, however, we must consider

alternative explanations for the lack of

disparities observed in our analyses.

First, outcomes described here may

have been relatively insensitive, and

a more granular appreciation of issues

such as neurologic status at discharge or

specific treatment modalities may reveal

significant disparities. This type of

analysis would, of course, require future

research, as the trauma dataset we

analyzed was limited.

Second, significant errors or biases

may exist in the data set being analyzed,

which would obscure any disparities.

Arguing against this likelihood is the

fact that several of our findings tend to

validate the accuracy of the collected

data. For example, as expected, we

found that younger children were at

increased risk of dying and that injury

severity was strongly related to each of

the outcomes evaluated.

Third, as demonstrated by the pro-

portion of minority patients in this

study, providers at this institution are

experienced with high volumes of racial/

ethnic minority cases that, in fact,

constitute the majority of patients. Such

familiarity may lead to increased cul-

tural competence and decreased dispar-

ities.17

Fourth, ED evaluation and treat-

ment of trauma generally, and TBI

specifically, is delivered by a multiper-

son, multidisciplinary team, often in the

highly visible environment of the trau-

ma suite with standardized approaches.

Furthermore, clinical decision-making

is reviewed during conferences that are

held regularly. Evidence-based standards

for evaluation and treatment and fre-

quent review may have reduced the vari-

ability that can lead to disparities.18,19

Fifth, this institution is a training

site for surgical residents from a collab-

orating historically Black college, which

increases the diversity of trauma re-

sponse teams. A diversified and cultur-

ally competent medical workforce

would likely be more capable of de-

livering equitable care to all patients.20

Finally, the ED at this institution

has been involved in disparities research

for several years, and disparities are

a topic of concern to those directing the

ED. Insofar as raising awareness is a step

in recognizing and eliminating dispar-

ities, this history may have contributed

to the findings described here.

Further focused research is required

to identify and eliminate the unaccept-

able disparities that continue to adverse-

ly affect the health and well-being of

many American citizens. In this context,

identifying conditions in which evalua-

tion and treatment appear to be free of

disparities may provide insights for

subsequent investigations and interven-

tions.

ACKNOWLEDGMENTS

We are grateful to the trauma research

coordinators for their assistance with data-
base development and to Dr. Martin
Eichelberger who provided access to it.

Funding for this study was provided by the
Center to Improve Child Health Disparities
at Children’s National Medical Center

(1P20 MD00165).

REFERENCES

1. Langlios JA, Rutland-Brown W, Thomas KE,

eds. Traumatic Brain Injury in the United

States: Emergency Department Visits, Hospitali-

zations, and Deaths. Atlanta, GA: Centers for

Disease Control and Prevention, National

Center for Injury Prevention and Control;

2004.

2. Thurman DJ, Alverson C, Dunn KA, Guer-

rero J, Sniezek JE. Traumatic brain injury in

the United States: a public health perspective.

J Head Trauma Rehabil. 1999;14(6):602–615.

3. Yeates K, Taylor H, Barry C, Drotar D, Wade

S, Stancin T. Neurobehavioral symptoms in

childhood closed-head injuries: changes in

prevalence and correlates during the first

year postinjury. J Pediatr Psychol. 2001;26(2):

79–91.

4. Taylor HG, Yeates KO, Wade SL, Drotar D,

Klein SK, Stancin T. Influences on first-year

recovery from traumatic brain injury in

children. Neuropsychology. 1999;13(1):76–89.

5. Bruns J Jr, Hauser WA. The epidemiology of

traumatic brain injury: a review. Epilepsia.

2003;44(suppl 10):2–10.

6. Jager TE, Weiss HB, Coben JH, Pepe PE.

Traumatic brain injuries evaluated in U.S.

emergency departments, 1992–1994. Acad

Emerg Med. 2000;7(2):134–140.

7. Bazarian J, Hartman M, Delahunta E. Minor

head injury: predicting follow-up after dis-

charge from the emergency department. Brain

Inj. 2000;14(3):285–294.

8. Bazarian JJ, Pope C, McClung J, Cheng YT,

Flesher W. Ethnic and racial disparities in

emergency department care for mild traumatic

brain injury. Acad Emerg Med. 2003;10(11):

1209–1217.

9. Traumatic Brain Injury: Injury Fact Book.

Atlanta, GA: Center for Disease Control,

National Center for Injury Prevention and

Control; 2002.

10. Smedley BD, Stith AY, Nelson AR. Unequal

Treatment: Confronting Racial and Ethnic

Disparities in Health Care. Washington, DC:

Institute of Medicine; 2003.

11. Krieger N. Shades of difference: theoretical under-

pinnings of the medical controversy on black/

white differences in the United States, 1830–

1870. Int J Health Serv. 1987;17(2):259–278.

12. LaVeist TA. Race, Ethnicity, and Health:

a Public Health Reader. San Francisco: Jos-

sey-Bass; 2002.

13. Kawachi I, Daniels N, Robinson DE. Health

disparities by race and class: why both matter.

Health Aff (Millwood). 2005;24(2):343–352.

14. Flores G, Olson L, Tomany-Korman SC.

Racial and ethnic disparities in early childhood

health and health care. Pediatrics. 2005;

115(2):e183–e193.

15. Shenassa ED, Stubbendick A, Brown MJ.

Social disparities in housing and related

pediatric injury: a multilevel study. Am J Public

Health. 2004;94(4):633–639.

16. Lyons RA, Delahunty AM, Heaven M,

McCabe M, Allen H, Nash P. Incidence of

childhood fractures in affluent and deprived

areas: population based study. BMJ. 2000;

320(7228):149.

17. Betancourt JR, Green AR, Carrillo JE,

Ananeh-Firempong O. Defining cultural

competence: a practical framework for ad-

LACK OF DISPARITIES IN PEDIATRIC TBI - Howard et al

Ethnicity & Disease, Volume 15, Autumn 2005 S5-55



dressing racial/ethnic disparities in health and

health care. Public Health Rep. 2003;118(4):

293–302.

18. Aaron KF, Clancy CM. Improving quality

and reducing disparities: toward a

common pathway. JAMA. 2003;289(8):

1033–1034.

19. Sehgal AR. Impact of quality improvement

efforts on race and sex disparities in hemodi-

alysis. JAMA. 2003;289(8):996–1000.

20. Johnson RL, Saha S, Arbelaez JJ, Beach MC,

Cooper LA. Racial and ethnic differences in

patient perceptions of bias and cultural

competence in health care. J Gen Intern Med.

2004;19(2):101–110.

LACK OF DISPARITIES IN PEDIATRIC TBI - Howard et al

S5-56 Ethnicity & Disease, Volume 15, Autumn 2005


