‘ RESEARCH AND PRACTICE ‘

A Population-Based Analysis of Socioeconomic Status

and Insurance Status and Their Relationship With

Pediatric Trauma Hospitalization and Mortality Rates

| James P. Marcin, MD, MPH, Michael S. Schembri, MS, Jingsong He, MS, and Patrick S. Romano, MD, MPH

Injury rates and injury mortality rates among
children are well known to be associated with
socioeconomic factors. Several studies have
documented increased rates of injury and in-
jury mortality among children who are from
racial and/or ethnic minority groups,’ who
lack medical insurance,? who reside in low-
income communities,>”” and whose mothers
have fewer years of education.®’

Although the majority of this research sup-
ports an association between markers of pov-
erty and high injury and injury mortality
rates, some investigators have questioned the
etiology and significance of these relation-
ships.”*"! Several factors potentially contribute
to the higher injury mortality rates among
children from low-income communities; these
include the overall incidence of injury, the av-
erage severity of injury, and severity-adjusted
mortality (i.e., the observed mortality com-
pared with the expected mortality, where ex-
pected mortality is dependent on injury sever-
ity). Little is known about how much each of
these factors contributes to the observed so-
cioeconomic disparities in injury mortality
rates among children.

Our primary aims in this study were to in-
vestigate the relationship between the socio-
economic status (SES) of pediatric trauma pa-
tients and the severity of their injuries on
presentation to the emergency department
(ED) and their severity-adjusted (i.e., stan-
dardized) hospital mortality. Specifically, using
population-based data, we explored whether
the trauma hospitalization rate among chil-
dren from lower-SES neighborhoods is actu-
ally higher than that among children from
higher-SES neighborhoods, and if so, whether
this difference is explained by more frequent
minor trauma (low severity of injury), more
frequent major trauma (high severity of in-
jury), or both. Secondarily, we investigated
whether severity-adjusted trauma mortality is
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associated with SES. Our hypotheses were
that children from communities of lower SES
present to a particular regional trauma center
with more severe injuries than children from
communities of higher SES, and that children
from communities of lower SES have higher
standardized hospital mortality than children
from communities of higher SES.

METHODS

The University of California, Davis, Chil-
dren’s Medical Center (UCDCMC) is the
single designated pediatric trauma center for
Sacramento County Emergency Medical Ser-
vices (EMSC). UCDCMC receives all pediatric
trauma cases with the exception of “critical
trauma patients”—those without an effective
or established airway or those requiring car-
diopulmonary resuscitation. These children
are transported to the closest available facility
and then transferred to the UCDCMC ED
once stabilized.

All children admitted to UCDCMC with
acute trauma, defined as a bodily injury oc-
curring less than 24 hours before presenta-
tion to the ED, are included in a comprehen-
sive trauma registry. The trauma registry
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includes physiological and laboratory data
collected at the time of presentation, as well
as demographic and diagnostic data collected
at the time of discharge for all trauma pa-
tients. For patients transferred to UCDCMC
from another facility, the referring hospital’s
physiological and laboratory data are entered
when available.

All patients in the trauma registry aged 18
years or younger who were admitted to UCD-
CMC between July 1, 1988, and June 30,
1998, were included in the analyses. Because
our analyses were population-based, patients
whose primary residence was outside Sacra-
mento County were excluded. Subjects in the
database were selected if any of the first 10
International Classification of Diseases, Ninth
Revision, Clinical Modiﬁcation12 (ICDM-9-CM)
codes included 800 to 904.9, 910 to 929.9,
950 to 957.9, or 959. This definition omitted
late effects (codes 905—909), foreign body
injuries (codes 930-939), burns (codes
940-949), and certain early complications of
trauma (code 958). Victims of child abuse
(code 995.5) were excluded, because these
patients are not usually cared for by trauma
surgeons and are not routinely included in
the trauma registry. Trained medical coders
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determined the mechanism of injury, and we
categorized the codes by applying the recom-
mended framework of the Centers for Dis-
ease Control and Prevention for presenting
injury mortality data.”

To estimate the SES for patients, we used 3
variables: US Census median household in-
come, US Census proportion of families
below the poverty line, and insurance sta-
tus."™"® The US Census measures were in-
tended to reflect the patients’ community SES
and were obtained by matching 1990 US
Census data to the complete home address of
the patient. We performed geocoding with
Dynamap/ZIP Codes (Geographic Data Tech-
nology, Lebanon, NH). We successfully
matched home addresses for 94.4% of the
patients. For these patients, US Census data
were obtained at the census-block level, pro-
viding more precise measures of the specific
community SES than zip code—level data. For
the remaining 5.6% of the patients, for whom
we could geocode only zip codes, the data
from the median census block within the zip
code were used. Insurance status, a proxy for
individual SES, was categorized as “Medicaid”
(which included patients with Medicaid, pend-
ing Medicaid, county-designated medically in-
digent, and self-pay) and “other” (which in-
cluded contracted and private insurance).
Self-pay patients represented less than 10%
of the Medicaid category because of Califor-
nia’s relatively broad eligibility criteria for
Medicaid.

We generated trauma hospitalization rate
ratios and mortality rate ratios stratified by
SES with block-level census estimates for the
population of children under 18 years of age.
We defined trauma mortality with inpatient
data only, without any time restriction. We
developed a customized severity-of-injury
model for each blunt and penetrating trauma
that took into account the following variables:
age, Glasgow Coma Scale (GCS) score, sys-
tolic blood pressure, and respiratory rate on
presentation to the ED. Also, we generated
the Injury Severity Score (ISS)'*"” and the in-
dividual components of the A Severity Char-
acterization of Trauma (ASCOT)"™®" from the
ICDM-9-CM codes with ICDMAP-90 (Tri-
Analytics Inc, Baltimore, Md). ASCOT utilizes
Anatomic Profile components that describe
anatomic injury to the head, brain, and spinal
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cord (AP-A); anatomic injury to the thorax
and front of neck (AP-B); and all other serious
injuries (AP-C).

We analyzed all potential continuous and
ordinal independent variables by use of logit
plots and transformed them to generate a log-
linear relation with mortality when necessary.
Age was “Winsorized”*® above 6 years, be-
cause the log-linear relation between mortal-
ity and age was present only up to that age;
after that point, the relation had an approxi-
mate slope of 0. Therefore, all ages older
than 6 years were reclassified as age 6 years.
Similarly, AP-B was Winsorized above age 4.
AP-C was dichotomized as age 3 or younger
and over age 3. We used a quadratic transfor-
mation of systolic blood pressure because of
its parabolic relation with the log odds of sur-
vival. We then performed a logistic regression,
with statistical significance defined at the level
of P<.05. We removed variables not associ-
ated with mortality in the multivariate analy-
ses (P>.50) from the final logistic regression.

To evaluate the association between SES
and the mortality rate of pediatric trauma pa-
tients, we individually forced each of the fol-
lowing measures of SES into the final logistic
regression: median household income (contin-
uous variable), proportion of households
below the poverty level (continuous variable),
and insurance status (nominal variable). We
compared standardized mortality ratios
(SMRs—observed mortality rate divided by
predicted mortality rate) across SES strata by
applying the standard z score.* We estimated
that a sample size of 4090 would be suffi-
cient to detect a mortality risk ratio of 1.3 (for
patients of lower SES compared with patients
of higher SES), assuming 5% overall mortal-
ity, a 2-tailed o level of 0.05, a f level of
0.20, and an R* of 0.5 with other covariates.

RESULTS

From the 10 years of data, there were
5507 children under 18 years of age admit-
ted with a trauma diagnosis specified in our
inclusion criteria. Of these, 1582 patients
(29%) were excluded because their residen-
tial address was outside Sacramento County.
Another 15 patients were excluded because
of a diagnosis of child abuse, maltreatment, or
neglect. Seventy patients (6 deaths) were ex-

cluded because of missing vital sign and phys-
iological data. The final sample included
3855 subjects, of whom 131 died (3.4%).
The mean age of the children in the sample
was 12.6 years, and 67.6% were male. The
mean GCS score was 13.8, and the mean ISS
was 8.7. The mean of the median household
annual income was $30 250, the mean of the
proportion of households below the poverty
line was 17.6%, and the proportion of pa-
tients with Medicaid was 40.9%.

Figure 1 demonstrates the declining
trauma hospitalization rate and trauma mor-
tality rate with increasing median household
income. We noted a similar relationship when
hospitalization rates and mortality rates were
plotted against the proportion of households
below the poverty line (data not shown).
Table 1 demonstrates the differences in
mechanism of trauma across income cate-
gories. Mortality rates varied depending on
the mechanism of injury: firearm injuries and
pedestrian trauma (children struck by a motor
vehicle) were more lethal than assaults and
motor vehicle crashes (driver or occupant).
There was a higher incidence of trauma hos-
pitalization among children from lower-SES
communities for all mechanisms of injury ex-
cept motor vehicle crashes. Table 1 also dem-
onstrates the higher incidence of mild or
moderately severe injury (defined by ISS)
among children from lower-SES communities.
The incidence of severe injury (ISS>18) did
not vary systematically across socioeconomic
strata.

Table 2 shows the results of the logistic re-
gression survival prediction model. To facili-
tate comparison with the trauma health ser-
vices literature, we estimated the model with
survival rather than mortality as the outcome
variable. Factors associated with an increased
probability of survival included older age (up
to 6 years), less severe AP-A and AP-C in-
juries, higher GCS score, and systolic blood
pressure at the 80th percentile (a measure-
ment of 142 mm Hg was associated with the
highest survival in the quadratic transforma-
tion). AP-B injuries were associated with a
higher probability of survival after adjustment
for other variables. This model had a C statis-
tic of 0.99 and a Hosmer—Lemeshow good-
ness-of-fit test P value of .69, with no evi-
dence of systematic prediction error across
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deciles. Adding the 3 SES proxy variables in-
dividually to the model only minimally
changed the coefficients for demographic and
physiological predictors (data not shown). Me-
dian household income, percentage below the
poverty line, and Medicaid status were not
significantly associated with survival; how-
ever, patients with Medicaid tended to have
lower severity-adjusted survival, with an odds
ratio (OR) of 0.56 (95% confidence interval
[CI]=0.31, 1.03).
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FIGURE 1—Trauma hospitalization and death rate by median household income in
Sacramento County, 1988-1998.

Table 3 demonstrates the mean predicted
mortality (i.e., severity of injury) and observed
vs predicted mortality rates, stratified by me-
dian household income, proportion of house-
holds below the poverty level, and insurance
status. Overall, there were no statistically sig-
nificant differences in the mean severity of in-
jury across SES strata when we used all of
our measures, although there was a trend to-
ward a higher mean predicted mortality
among children from communities with

TABLE 1—Trauma Admissions Per 10000 Children Over Age 18 Per Year in Sacramento County,

higher median household income. There
were also no statistically significant z scores
for observed vs predicted mortality rates;
however, there were trends toward lower sur-
vival among children from communities with
a median household income of $15 000 or
less per year (z=1.63; SMR=1.27 [95%
CI=0.69, 2.14]) and children with Medicaid
(z=1.49; SMR=1.14 [95% CI=0.86, 1.47]).

DISCUSSION

This population-based analysis supports
previous research correlating high pediatric
trauma admission and mortality rates with
markers of poverty. Our data demonstrate
that in Sacramento County, the higher trauma
mortality rate among children from lower-SES
communities is not due to higher mean injury
severity among hospitalized patients. Instead,
the higher injury mortality rate among chil-
dren living in census blocks with low median
household income and higher proportions of
households below the poverty line reflects a
higher overall incidence of trauma requiring
hospitalization. And although the mean sever-
ity of trauma did not significantly differ
among children from communities of differing
SES, children from lower-SES communities
did have a higher incidence of more lethal
mechanisms of injury, such as pedestrian
trauma and firearm injuries.

In the logistic regression analysis, the 3
measures of SES were not significantly associ-
ated with survival after adjustment for sever-

Median Annual Household Income ($)

Mechanism of Injury N (% Deaths) <5000 15001-25000 25001-35000 35001-45000 >45000
Assault 387 (1.6) 23 1.5 1.6 1.1 0.36
Pedestrian struck 743 (4.7) 37 32 25 24 11
Firearm injury 457 (9.4) 24 23 1.7 1.1 0.48
Motor vehicle crash 1273 (2.4) 3.6 3.8 4.6 47 39
Other 995 (1.7) 24 23 1.7 1.1 0.5
Mild injury (ISS<4) 1531 (0.2) 6.9 5.7 5.6 49 29
Moderate injury (ISS=5-18) 1736 (0.9) 6.9 6.4 6.1 5.9 39
Severe injury (ISS>18) 598 (19.0) 1.2 1.3 15 1.2 1.0

Note. ISS = Injury Severity Score.
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TABLE 2—Results of Logistic Regression Predicting Survival Among Pediatric Trauma
Patients in Sacramento County, 1988-1998

Parameter Estimate (Standard Error) 0dds Ratio (95% Confidence Interval) P
Age’ 0.18 (0.087) 1.19 (1.00, 1.42)" 044
AP-A -0.45 (0.08) 0.64 (0.54,0.74) <.001
AP-B 0.32(0.13) 1.34(1.07,1.78)° 014
AP-C>3° -1.20(0.42) 0.30 (0.13,0.69)° .004
Glasgow Coma Scale 0.37 (0.047) 1.45 (1.32, 1.59)' <.001
SBP 0.08 (0.012) 1.08 (1.06, 1.11) <.001
(SBP)* -0.00028 (0.00005) 1.00 (1.00, 1.00) <.001
Median household income 0.009 (0.012) 1.01(0.98,1.03) .74
Below poverty line (%) 0.00089 (0.0012) 1.00 (0.99, 1.01)" 46
Insurance
Other 1.0 Reference e
Medicaid -0.58 (0.31) 0.56 (0.31,1.03) .06

Note. AP-A=anatomic injury to the head, brain, and spinal cord; AP-B=anatomic injury to the thorax and front of neck; AP-C=
all other serious injuries; SBP=systolic blood pressure. The 3 proxies for socioeconomic status were forced individually into
the logistic regression.

*Age is Winsorized at 6 years, meaning that values greater than 6 were reset to 6 because there was no univariate association
between age and logit trauma mortality above that age.

®0dds ratio associated with a 1-year change in age.

“0dds ratio associated with a 1-point change in A Severity Characterization of Trauma Anatomic Profile.

YAP-B is Winsorized at 4, meaning that values greater than 4 were reset to 4.

°AP-C is dichotomized as greater than 3 and less than or equal to 3.

'0dds ratio associated with a 1-point change in the Glasgow Coma Scale score.

€0dds ratio associated with a $1000 change in median household income.

"0dds ratio associated with a 1% increase in percentage of households below the poverty line.

ity of illness, although there was a trend for
patients with Medicaid to have lower-than-
predicted survival (OR=0.56; 95% CI=0.31,
1.03). Also, in our analyses of observed vs
predicted mortality (z scores), there were non-
statistically significant trends toward higher
standardized mortality rate ratios among chil-
dren from census blocks where the median
household income was less than $15 000 per
year and among children with Medicaid.
These findings are consistent with previously
published data on overall childhood mortality,
which documented higher mortality rates
with lower median household income?®**?
and Medicaid receipt.**

Although socioeconomic disparities in mor-
tality from trauma have been recognized for
years, a study by Roberts has shown that
these disparities continue to increase despite
an overall declining trauma mortality rate.?®
In our study, we attempted to better define
the factors contributing to this disturbing
phenomenon. High trauma mortality rates
among children of lower SES may be attrib-
utable to several factors, including a higher
overall incidence of injury, a higher average
severity of injury, and higher severity-

TABLE 3—Effect of Socioeconomic Status on Observed and Predicted Mortality Rates for Pediatric Trauma Patients in Sacramento County,

1988-1998
Standardized
Mean Survivors Mortality Ratio®
N Predicted Mortality Observed Predicted Observed Predicted (95% Confidence Interval) Z Score

Overall 3855 3.39 3724 3724 131 131 1.00 0
Median household income ($)

0-15000 398 2.79 384 387 14 11 1.27 (0.69,2.14) 1.63

15001-25000 1009 3.65 969 972 40 37 1.08 (0.77, 1.47) 0.56

25001-35000 1099 3.1 1069 1064 30 35 0.86 (0.58,1.22) -1.33

35001-45000 867 3.35 841 838 26 29 0.89 (0.59,1.31) -0.93

>45000 482 4.09 461 462 21 20 1.05 (0.65, 1.60) 0.37
Below poverty line (%)

<1 359 3.06 348 347 11 12 0.92 (0.46, 1.64) -0.43

1-20 1557 3.79 1498 1496 58 61 0.95(0.72,1.23) -0.66

21-50 1296 293 1258 1258 38 38 1.1(0.70,1.37) 0

>50 643 3.58 620 623 23 20 1.15(0.73,1.73) 1.19
Insurance

Other 2256 3.50 2183 2171 73 79 0.92(0.72,1.12) -1.26

Medicaid 1599 325 1541 1547 58 51 1.14(0.86, 1.47) 1.49

“Standardized mortality ratio equals observed number of deaths divided by predicted number of deaths.
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adjusted mortality. Whereas previous investi-
gations have demonstrated high mortality
rates among children living in poverty,*?%2®
this is the first study, to our knowledge, that
has systematically analyzed the relative con-
tributions of these factors to the observed dif-
ferences in mortality rates. The validity of
this study is strengthened by its population-
based design, its use of a customized physiol-
ogy-based severity-of-illness measure, and its
use of US Census data at the block level as a
measure of community SES.

Two previous studies have investigated the
association between injury severity and surro-
gates of SES.**” Haas and Goldman found
that adult trauma patients without health in-
surance were more likely to die in a hospital
than were patients with insurance, after ad-
justment for injury severity. Average injury
severity was found not to be different be-
tween the 2 groups when we used the ISS.
Hartzog and colleagues found that children in
“poor social situations” were more likely to
suffer trauma that was more severe (reflected
as a higher median ISS) than were children in
better social situations. Unlike our results,
these authors’ findings indicated the higher
mortality rates among poor children to be at-
tributable to a higher average severity of
trauma. To adjust for severity of illness, both
of these studies used the ISS, based on
ICDM-9-CM codes. The ISS has been shown
to lack validity compared with other mea-
sures of trauma severity that incorporate
physiological variables such as GCS, blood
pressure, and respiratory rate. %930

Hospital factors, such as rationing or
quality of care, might also contribute to
higher injury mortality rates among poor
children. For example, children from a
lower-SES community may be less likely to
receive extraordinary therapies or may be
more likely to receive limitations of care or
a do-not-resuscitate order than children
from a higher-SES community. Haas and
Goldman found that adult hospitalized pa-
tients were less likely to undergo operative
procedures following trauma if uninsured or
insured with Medicaid.? Similarly, differ-
ences in the medical management of trauma
patients may be related to the race and eth-
nicity of the patient. Although the conflation
of SES and race/ethnicity is well docu-
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mented, we chose not to include race and
ethnicity in our analyses, because they are
fundamentally a social construct, and not a
genetic or physiological risk factor for injury
incidence and mortality. We are still unsure
of the relative contribution that differences
in processes of care make to the differences
in mortality rates among lower-SES patients
(those who lack insurance, who are racial/
ethnic minorities, or who reside in low-
income communities).

This study has several potential limitations.
The relationship between SES and hospital-
ization for mild trauma, such as lacerations
and minor fractures, is subject to selection
bias, because patients from different socioeco-
nomic strata utilize EDs and urgent care clin-
ics differently. It is possible that some patients
with mild trauma were not included in the
trauma registry, either because the emer-
gency medical services/trauma system was
not utilized or because the attending ED phy-
sician did not consult the trauma surgeons. It
was our intention, however, to focus on mod-
erate to severe trauma. All children with
more than a trivial risk of dying were likely to
have been included in the trauma registry.

We were unable to adjust for other impor-
tant predictors of patient outcomes, such as
the time from injury to arrival at the ED. If
these predictors differed systematically across
socioeconomic strata, we might have underes-
timated or overestimated differences in pre-
dicted mortality (and SMRs) across strata.

Finally, the results of our analyses may not
be representative of other counties or trauma
care systems. Because we analyzed trauma
data from all of Sacramento County, a rela-
tively diverse mix of injuries and patient SES
were included. The validity of our conclu-
sions may be limited in trauma centers that
treat a primarily urban or suburban popula-
tion with a less diverse case mix, or in centers
where processes of care may differ according
to patients’ SES or insurance status.

Our results suggest that socioeconomic dis-
parities in the incidence of the most serious
types of injury, such as firearm injuries, as-
saults, and pedestrian injuries, explain most of
the observed disparities in overall injury mor-
tality. There is no evidence that the average
severity of injury, among all hospitalized in-
juries, is inversely associated with SES. Chil-

dren with Medicaid may be slightly more
likely than children with other insurance to
die after hospitalization for trauma, but this
difference probably results more from patient-
level confounders that were omitted (e.g., nu-
tritional status, comorbidities) than from SES
differences.

To reduce socioeconomic disparities in pe-
diatric injury mortality, public health inter-
ventions should focus more on reducing dis-
parities in the incidence of the most serious
types of injuries (i.e., pedestrian, firearm,
other assaultive injuries) than on reducing dis-
parities in hospitalization or treatment prac-
tices. Future studies should corroborate these
findings with population-based data from
other settings that include physiological mea-
sures of injury severity and patient-level so-
cioeconomic measures. W
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