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Abstract
Objective—This study uses Missouri’s in-
patient and outpatient E code data system
to describe the demographic characteris-
tics of Missouri children who suVered
burn injuries during 1994 and 1995.
Methods—Retrospective review of Mis-
souri E code data.
Results—Altogether 8404 children aged
0–14 years were treated for burn injuries
in Missouri hospitals during 1994 and
1995. The rate of burn injury in Missouri
children was 339 per 100 000/year.
African-American boys 0–4 years living in
urban counties were at increased risk. In
addition, African-American girls ages 0–4
years living in counties with a high
poverty rate had raised burn injury rates.
Burns from hot objects and scalds from
hot liquids caused more than half of the
burns.
Conclusions—Hospital based E coding
has proven an invaluable tool for the study
of burns and will, no doubt, prove equally
useful for other injuries.
(Injury Prevention 2000;6:255–258)
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Fire and burns are the third leading cause of
unintentional injury death in American chil-
dren,1 as well as a significant cause of morbid-
ity.2 Epidemiology can be used to identify
populations at increased risk upon whom
interventions to decrease the incidence of such
injuries could be focussed.3 4 Previous studies
primarily used hospital records of admitted
patients,5–9 or provided regional burn data
through review of records at selected hospi-
tals.10 No statewide studies describing burn
injured children treated as inpatients or outpa-
tients have been reported. In 1993, Missouri
and Connecticut became the first states to
mandate the collection of outpatient as well as
inpatient external cause of injury (E code)
data.11 Since then, seven other states have made
similar mandates. This study uses the Missouri
E code data system to describe children with
burn injuries on a statewide basis.

Methods
We reviewed Missouri E code data about chil-
dren aged 0–14 years who were treated for a
burn injury at Missouri hospitals during 1994
and 1995. Although Missouri began the
mandated collection of hospital outpatient E
code data in 1993, the dataset was incomplete
the first year. Ninety two per cent of all injury
records in the state contained an E code diag-

nosis in 1994, and 95% in 1995 (unpublished
data, Missouri Center for Health Information,
Management, and Epidemiology, Missouri
Department of Health). A burn injury was
defined as a hospital visit with a burn N code
(nature of injury) or E code (external cause of
injury) from the International Classification of
Diseases, ninth revision, clinical modifications.12

Burn N codes are 940–949.99. Fire and burn E
codes include E890–899 (fire and flame, unin-
tentional); E958.1, E968.0, E988.1 (fire and
flame, intentional or undetermined);
E924.0-.9 (hot object or substance, uninten-
tional); E958.2, E958.7, E961, E968.3,
E988.2, E988.7 (hot object or substance,
intentional or undetermined). Children were
included if their first injury diagnosis listed in
the state database was a burn, even if the E
code was diVerent than the specified fire and
burn E codes listed above. For example,
children injured by fireworks (E923.0) or elec-
trical current (E925.0) were included if their N
code designated a burn (940–949.99). The
data were provided by the Missouri Depart-
ment of Health to study investigators in aggre-
gate form, without patient specific identifiers.
The variables included patient age, sex, race,
county of residence, E code, inpatient/
outpatient status, and month of injury.

Missouri county population density was
classified using the United States Department
of Agriculture’s designation of counties as
metropolitan or non-metropolitan.13 This
classification system is based on a county’s
population density and proximity to large cities
(>50 000 population).

The percentage of each county’s population
living below the poverty level was classified
using the 1990 United States census data.14 A
high poverty county was defined as one with
>20% of the population living below the pov-
erty level. Injury rates were calculated using the
number of burns as the numerator and the
population in 1994 and 1995 as the denomina-
tor. Taylor’s method for calculating the confi-
dence intervals of the relative risks was used to
determine significant diVerences in the rates,
using EPI-Info version 6. We used Poisson
regression to model the observed injury rates
using the variables of age, race, sex, county
poverty level, and type of county (metropolitan
v non-metropolitan) Variables were added to
the model based on the likelihood ratio test,
which has a ÷2 distribution, and important
changes in the parameter estimates of the
already included variables. We calculated
model based injury rates from the parameter
estimates of the variables included in the
“best” regression model. A p value of 0.05 or
less was considered statistically significant.15
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Results
In 1994 and 1995, 8404 children ages 0–14
years were treated for burn injuries in Missouri
hospitals; 88% as outpatients. Ninety four per
cent were Missouri residents. The youngest
children accounted for the largest number of
patients; 63% were children ages 0–4 years,
18% were 5–9 years, and 19% were 10–14
years. Seventy one per cent were white, 24%
were African-American, and 5% were another
race or unknown. Fifty nine per cent were boys.
After excluding 494 out-of-state children, 7910
injuries remained for analysis.

The burn injury rate for all Missouri
children ages 0–14 years was 339 per 100 000/
year (table 1). Children ages 0–4 years had a
higher rate (660 per 100 000/year) than
children 5–14 years (184 per 100 000/year).
African-American children had a rate of 592
per 100 000/year and white children 291 per
100 000/year. Boys had a rate of 392 per
100 000/year and girls 283 per 100 000 year.

The leading causes of burn injuries were hot
objects, accounting for 38% of the injuries, fol-
lowed by scalds, 26% (fig 1). The causes of

burn injuries diVered markedly between the
younger and older children. Older children
were more often injured by fires and explosions
and younger children by hot objects. Inten-
tional injuries (child abuse or assault) were
reported to account for 62 burns (0.7%).
Almost one third of all injuries took place in
June, July, or August. There was a significantly
higher number of burns in July than other
months, 13% of the total (p<0.001). Explo-
sions caused 18% of the burns during July; in
contrast, explosions accounted for only 4% of
the total during the entire two year period.
Sixty one per cent of all burns caused by explo-
sions occurred during July.

There are 115 counties in Missouri, includ-
ing St Louis City, an equivalent geopolitical
unit. There are 93 non-metropolitan Missouri
counties, and 22 metropolitan counties. Sixty
nine per cent of Missouri children live in met-
ropolitan counties and 31% live in non-
metropolitan counties. There are 39 high pov-
erty Missouri counties and 76 low poverty
counties. Seventeen per cent of Missouri
children live in high poverty counties, while
83% live in low poverty counties. All high pov-
erty counties, with the exception of St Louis
City, were also classified as non-metropolitan.

Children in metropolitan counties had a
slightly higher injury rate (363 per 100 000/
year) than those in non-metropolitan counties
(296 per 100 000/year) (table 1). Those in high
poverty counties also had higher rates relative
to low poverty counties, 490 and 247 per
100 000/year, respectively.

Using Poisson regression, the variables of
age, sex, race, poverty level, and type of county
were included in the model to determine
adjusted burn injury rates (table 2). In
addition, injury rates for African-American
compared with white children depended on the
sex of the child and the poverty level of the
county where the child lived. Using this model,
we calculated injury rates using the variables
listed. The highest rates were found among
children 0–4 years of age. In particular, the
injury rates for African-American boys who
resided in metropolitan counties were raised,
for both high poverty (1290 per 100 000/year)
and low poverty counties (1126 per 100 000/
year). Furthermore, among children in this age
group, burn rates for African-American girls in
high poverty counties were high in both metro-
politan and non-metropolitan counties, 1357
and 1196 per 100 000/year, respectively. Injury

Table 1 Burn injury rates in Missouri children, 1994–95

Burn injury rates
(per 100 000/year)

Age (years)
0–14 339
0–4 660
5–14 184

Race
African-American 592
White 291

Sex
Boys 392
Girls 283

Locale
Metropolitan counties 363
Non-metropolitan counties 296
High poverty counties 490
Low poverty counties 247

Figure 1 Causes of burn injury in Missouri children by age group.
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Table 2 Model based rates of burn injuries among children ages 0–4 years, 1994–95.
Rates per 100 000/year with 95% confidence intervals shown in parentheses

Metropolitan Non-metropolitan

African-American White African-American White

Boys
Poverty

High 1290 (1192 to 1360) 877 (803 to 941) 820 (728 to 909) 773 (715 to 822)
Low 1126 (1011 to 1226) 680 (647 to 705) 939 (857 to 1010) 600 (565 to 629)

Girls
Poverty

High 1357 (1234 to 1452) 599 (548 to 647) 1196 (1076 to 1299) 528 (488 to 566)
Low 809 (740 to 869) 465 (441 to 486) 713 (644 to 777) 410 (385 to 433)

Key points
x The rate of burn injury in Missouri

children 0–14 years was 339 per 100 000/
year.

x Young African-American boys living in
urban counties and young African-
American girls living in high poverty
counties were at increased risk for burn
injury.

x State E code data systems can be impor-
tant tools for the study of burns and other
injuries.
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rates were also raised among African-American
boys 0–4 years of age regardless of poverty or
type of county, ranging from 600 to 880 per
100 000/year. Injury rates for white children
and older children 5–14 years of age were gen-
erally much lower.

Discussion
This study of Missouri children demonstrates
how a statewide, population based E code
database can be used to describe burn injuries
in children and identify populations at in-
creased risk. In general, children ages 0–4 years
had a higher burn injury rate than older
children—a finding similar to other US
reports.5–10 Investigators in Massachusetts
found an estimated incidence rate for 0–2 year
olds of 72 per 10 000 patient years.10 We found
that African-American boys ages 0–4 years in
urban counties and African-American girls in
high poverty counties had raised injury rates.
Like our study, MacKay and colleagues found
that patients living in high poverty areas had
higher rates of burns.10 A report from Balti-
more also found that the majority of their hos-
pitalized burn patients came from lower socio-
economic status homes.8

Scalds and fire related burns were the most
common causes of burn injury in studies of
hospitalized children,5–7 9 while hot objects and
scalds were the most prominent causes of
burns in our population who were predomi-
nantly outpatients. A study of children seeking
care for burns in an urban emergency depart-
ment also found contact burns as the leading
cause of injury.16 Contact with hot objects is
less likely to cause serious burns requiring hos-
pital admission than those caused by scalds or
flames, which often involve larger burn surface
areas. Studies from other countries also found
a predominance of young children hospitalized
for burns, with scalds as the most common
mechanism of injury.17–23 Outpatient studies in
children reported from other countries de-
scribe similar causes as ours.24–28

This study demonstrated a 1:4 ratio of chil-
dren hospitalized for burns compared with
children treated as outpatients. The number of
burn deaths, hospital admissions, and inci-
dence follow a pyramidal distribution, similar
to a recent report, which described 5500 burn
deaths, 51 000 burn hospital admissions, and
1.25 million burn incidents occurring each
year in the US.29

Our study showed a higher rate of burn
injury in the summer months, in contrast to
other reports that found higher rates in winter
months or no seasonal variation.18 27 28 The
increased number of injuries caused by explo-
sions in July (the month with the highest num-
bers of burns) suggest that fireworks associated
with the Independence Day holiday may be a
factor. Another report describes injuries due to
fireworks clustered around this holiday, with
burns being the most common type of injury.30

Although the use of statewide outpatient E
code data allows for a description of injuries
that would have been otherwise diYcult to
obtain, these data have some limitations.

Because of confidentiality concerns by the
state, our data were only available in aggregate
form, presenting several diYculties. The geo-
graphic level was the patient’s county of
residence, instead of patient postal code or
census tract. This limited our ability to perform
a more detailed analysis, which may have iden-
tified other geographic and socioeconomic risk
factors. In addition, we were not able to review
patient records or categorize severity. We were
also unable to track duplicated injuries which
may have occurred if patients were seen in fol-
low up visits for the same injuries, or if patients
were transferred to another hospital for care.
This would overestimate the number of the
injured children, and thereby the injury rate,
although we expect the magnitude of the over-
estimation to be small.

On the other hand, the total number of
reported burn injuries underestimates the true
incidence, as the data describe only inpatient
and outpatient visits to hospitals. Patients who
do not seek medical care for their injuries, or
patients who visit their physicians are not cap-
tured in this database. A previous study
reported that large proportions of children are
treated for injuries, including burns, in clinics
rather than emergency departments.31 This
eVect may result in under-reporting of burn
injuries, especially minor burns, and those
occurring in rural counties without nearby
hospitals. As a result, our findings only apply to
burns treated at emergency departments and
those that required hospitalization.

Surveillance of injuries is an integral part of
injury control and prevention programs. Vital
statistics, hospital based trauma registries,
national surveys, and E coded hospital dis-
charge datasets have been used to describe the
incidence of injuries.32–38 The inclusion of out-
patient data has been identified as a priority for
local and national injury surveillance.39 40 In
1999, the American Academy of Pediatrics
Committee on Injury and Poison Prevention
recommended the mandate of E codes in state
hospital discharge data systems to establish
priorities for child and adolescent injury
prevention programs.41 Currently, 23 states
mandate E coding in their hospital discharge
data systems and nine states mandate E coding
in their hospital emergency department data
systems.11 As more states mandate reporting
and collection of outpatient and inpatient E
code data, large databases will be created to
provide valuable information for policymakers
and clinicians with interests in injury preven-
tion. Accurate, specific, and standardized
reporting of the E code data will need to be
incorporated as well.42–44

Implications for prevention
This study demonstrates the value of statewide
inpatient and outpatient E code databases.
Compared with previous reports, this descrip-
tion of children with burn injuries represents a
more complete summary as it includes data
from all hospitals in Missouri, and includes
emergency department visits as well as hospital
inpatients. Important conclusions can be de-
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rived from these data, with respect to who is
being injured, where they live, and how the
injuries occur. This information should allow
for the design of injury prevention programs
and targeting high risk populations. In the case
of burn injuries in Missouri children, preven-
tion strategies might be directed toward
African-American boys ages 0–4 years residing
in metropolitan counties, as well as African-
American girls in counties where at least 20%
of the families live in poverty. Prevention
eVorts might concentrate on ways to reduce
injuries as a result of contact and scald burns
through surveillance of hot objects and liquids
in children’s environments. Just as importantly,
the data could also be used to track the eVect of
such interventions on a large scale.

The authors greatly appreciate the collaboration with Cherie
Crowe (former Chief, OYce of Injury Control, Division of
Health Resources, Missouri Department of Health) and
Garland Land (Director, Division of Health Resources,
Missouri Department of Health).
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