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SYNOPSIS
Objective. This study’s objective is to determine if there is an association
between rates of violence and rates of childhood asthma in Los Angeles
County communities.
Methods. Rates of hospitalization for assault and for asthma were calculated
for each ZIP Code and city in Los Angeles County. Linear regression was used
to determine the effect of assault rates on asthma rates while controlling for
potential confounders such as poverty and racial/ethnic distribution. At the
city level, crime rates were included in the model as additional measures of
community violence.
Results. Hospitalization rates for childhood asthma and assaults were significantly correlated at both the city (r50.80) and the ZIP Code (r50.54)
levels. The association remained significant when controlling for poverty and
racial/ethnic distribution with linear regression (p,0.0001). At the city level, the
variables measuring the crime rate were not significant predictors of asthma
hospitalizations.
Conclusions. Community violence as measured by the rate of assault hospitalizations is associated with childhood asthma in Los Angeles County. Health
care providers should consider their asthmatic patients’ social environments
when devising treatment plans.
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Asthma is a leading cause of morbidity in children,1
and if left untreated can result in death.2 Over the
last thirty years, the prevalence of asthma in children
has risen steadily.3 Based on responses to the National
Health Interview Survey, asthma prevalence increased
sharply from 1980 to 1996.4 Despite advances in pharmacologic treatments, hospitalizations for childhood
asthma also have increased.5 Traditional risk factors for
childhood asthma, such as allergens, respiratory tract
infections, air pollutants, and tobacco smoke, cannot
account fully for this increase.3,6–9
Non-whites and individuals of lower socioeconomic
status (SES) are disproportionately represented in the
trend of increasing childhood asthma.10–12 Minorities
and low SES populations may have greater exposure to
the traditional risk factors for asthma mentioned above,
which could account for the greater prevalence.5,12–15
In addition, they are often treated at facilities that do
not follow the most up-to-date guidelines for asthma
care16,17 and may also have limited access to health
care. Lower quality and limited access to health care
place asthmatic children at greater risk of hospitalization for asthma.
Interestingly, differences in racial/ethnic status
and SES may not fully explain why these individuals
are more likely to have, and to be hospitalized for,
childhood asthma,18 suggesting that other factors may
contribute to asthma morbidity.19 Recently, researchers
have begun to examine social factors that may affect
asthma. Low SES neighborhoods are often characterized by high rates of crime and violence.20 Studies of
young inner city children in two large East coast cities
found that a large percentage had seen or heard acts
of violence.21,22 Community violence is a chronic and
pervasive stressor that taxes all members of a community, regardless of each member’s individual-level
risk.23 There are many potential mechanisms through
which community violence-related stress may affect
asthmatic children.
Stress may affect children directly, causing biological
changes that lead to asthma exacerbations. Research
has shown that children exposed to violence experience significantly more negative psychological symptoms, including stress, than unexposed children.21,24–27
General stress has been shown to increase respiratory
tract resistance in asthmatic individuals.28,29 Wright
has reported a temporal association between violence
and self-reported asthma exacerbations.20 Using data
from the Inner-City Asthma Study, Wright and Steinbach evaluated the relationship between violence and
children’s asthma symptoms as reported by caretakers.18
The study found that violent incidents were common
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in the participating neighborhoods and that the frequency of asthma symptoms increased with increased
community violence.18
Exposure to violence may also lead to increased
asthma morbidity in children indirectly. Individuals
living in violent communities may experience barriers
to following their prescribed asthma treatment regimen. Funding may be diverted from primary care and
specialty clinics towards programs to address violence.30
Pharmacies may be reluctant to operate 24 hours per
day due to fears for safety.20 Even when services are
available, individuals may be reluctant to travel outside
to obtain asthma medication or to visit their doctors for
fear of victimization. One study of hypertensive African
Americans from Los Angeles observed that fear of violence was a barrier to keeping medical appointments
and following a prescribed exercise regimen.31
Community violence also may decrease individual
resources needed to manage childhood asthma. In
extreme cases, parents may develop psychological
conditions that reduce their ability to care for their
asthmatic children.20 Furthermore, violence decreases
social cohesion, a factor which may alleviate stress.32
Under stress from violence, parents may be unable to
cope with their child’s disease, and research has demonstrated that children may adopt their parents’ coping mechanisms.33 A child’s ability to manage his/her
asthma also may be diminished as the result of attitudes
that develop when living in a violent environment.34
Finally, behavioral changes in response to community violence may increase children’s exposure to risk
factors associated with childhood asthma. Parents of
children living in violent communities may keep their
children indoors for fear of their safety, increasing
their exposure to indoor allergens and air pollutants.20
Also, children who play indoors often do so alone, a
situation that can result in decreased social networks.
This may decrease their ability to cope with general
stress and stress due to asthma.32
Previous studies have demonstrated an association
between exposure to violence and asthma morbidity in
children. Existing studies that ask asthmatic children
or their caretakers if they have ever witnessed or been
aware of violent incidents measure an individual’s
experience with violence. However, in a community
characterized by high rates of violence, even incidents
that individuals did not witness or were personally
aware of may increase neighborhood levels of stress. We
do not know of any studies that have evaluated overall
levels of community violence and its relationship to
asthma morbidity. We used assault hospitalization rates
and reported crime rates as measures of community
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violence and examined their association with childhood asthma hospitalization rates in neighborhoods
throughout Los Angeles County.
METHODS
This study utilized an ecological design to investigate
the association between community violence and
asthma hospitalization rates among children. The
assault hospitalization rate among all ages for specific
geographic areas (ZIP Code and city) was the primary
measure of community violence. Additionally, crime
rates at the city level were used as measures of community violence. Measures of SES and racial/ethnic
diversity were used as potential confounders.
The California Office of Statewide Health Planning
and Development (OSHPD) collects patient discharge
information from all 128 hospitals in Los Angeles
County. For each ZIP Code in Los Angeles County,
the number of assault and asthma hospitalizations
during 2000 were obtained. A hospitalization was classified as an assault if an International Classification of
Disease, 9th Revision (ICD-9) e-code between E960.0
and E969.9 was present in at least one of the e-code
variables.35 If a record had at least one ICD-9 diagnosis
code between 493.0 and 493.9, it was classified as an
asthma hospitalization. The number of assault and
asthma hospitalizations in each ZIP Code was further
stratified by age (#20 years, 21–64 years, $65 years)
and gender.
Counts of assault and asthma hospitalizations by
ZIP Code were then converted to counts by city. To do
this, a list of all ZIP Codes in Los Angeles County was
obtained from the Los Angeles County Department of
Health Services. Next, the United States Postal Service
website was used to create a list of all cities within each
ZIP Code.36 If a ZIP Code had only one city associated
with it, all asthma and assault hospitalizations from that
ZIP Code were assigned to the city. However, if a ZIP
Code contained parts of two or more cities, asthma
and assault hospitalizations from that ZIP Code were
assigned to each city based on the proportion that city’s
population contributed to the sum of the total population of all cities associated with that ZIP Code. This
was done within each of the age groups and gender
strata, using census population data.37
Crime statistics by city were obtained from the
California Department of Justice (2000). The California Department of Justice collects information on the
number of calls law enforcement officials receive to
respond to domestic violence,38 reports of nonviolent
crime,39 and reports of violent crime.39 Nonviolent crime
includes reports of motor vehicle theft, arson, burglary,

and larceny. Violent crime includes willful homicide,
forcible rape, robbery, and aggravated assault.
Los Angeles County population data obtained from
the 2000 U.S. Census37 were used to calculate hospitalization rates per 10,000 for both children (0–20
years old) and for all ages and to calculate crime
rates for each geographic area. U.S. Census data also
were used to obtain racial/ethnic diversity and SES
measures for each ZIP Code and city. These include
the percent non-white,40 percent Hispanic,41 percent
African American,40 percent families living in poverty,37
and median before-tax family income.37 Family median
income was centered around zero by subtracting the
median of the median incomes from each geographic
area’s median income. Maps of children’s asthma
hospitalization rates and assault hospitalization rates
for all ages for Los Angeles County were created using
Arcview version 3.2A.42
Los Angeles County contains 506 ZIP Codes. Of
these, 228 P.O. Box ZIP Codes were excluded from
analysis, since population data were not available. Of
the 278 ZIP Codes remaining, five were excluded; one
had no hospitalization data and four had a population
of less than twenty. Two additional ZIP Codes were
determined to be outliers and were not included in
the final analyses. Removal of these ZIP Codes did not
change the inferences from the data analyses. The final
dataset consisted of 271 Los Angeles County ZIP Codes.
There are a total of 88 cities in Los Angeles County.
The two cities with the smallest populations (91 and
777) were excluded from analysis. The remaining 86
cities were included in the final dataset for analysis.
Statistical analysis
Statistical analyses were conducted with SAS statistical
software.43 The mean, standard deviation, and range
were calculated by city, and where applicable, ZIP
Code, for the following variables: assault hospitalization
rate for all ages, children’s assault hospitalization rate,
children’s asthma hospitalization rate, percent any nonwhite, percent Hispanic, percent African American,
percent of families living in poverty, median family
income, rate of calls for service for domestic violence,
reported nonviolent crime rate, and reported violent
crime rate.
Spearman rank correlation coefficients35,44 were
computed by ZIP Code and city to assess the relationships between children’s asthma hospitalization rate
and assault hospitalization rates, the crime variables,
and the sociodemographic variables.
Several univariate linear regression analyses were
developed with children’s asthma hospitalization rate
as the dependent variable. The independent variable
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was either children’s assault hospitalization rate or
assault hospitalization rate for all ages or one of the
race/ethnicity (either percent non-white or both percent Hispanic and percent African American) or SES
(percent of families living in poverty or centered family
median income) variables. For city data, models also
were fit with each of the three crime variables. Where
variables were skewed, we used natural log or square
root transformations, if the transformations improved
the model fit as judged by adjusted R2.
Multiple regression models were created for both the
ZIP Code and city data. In each model, the children’s
asthma hospitalization rate was the dependent variable and assault hospitalization rate for all ages was
the independent variable. To control for potential
confounders, each model also contained one of the
race/ethnicity and one of the SES variables. At the city
level, the three crime rate variables also were included
in the model. Based on backwards selection, different
models were developed and assessed for statistical significance (p#0.05), homogenous variance, normality
of residuals, and predictive power (R ²). Colinearity was
assessed in the multivariate linear regression models
by examination of the tolerance and variance inflation factor. Based upon examination of the kurtosis,
our data were not in a Poisson distribution; therefore,
Poisson regression was not used.
RESULTS
Table 1 shows the mean and standard deviation of the
hospitalization, SES, race/ethnicity, and crime vari-
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ables by ZIP Code and city. Figure 1 depicts children’s
asthma hospitalization rates and assault hospitalization
rates for all ages by ZIP Code in Los Angeles County.
These maps show that high rates of both asthma and
assault hospitalizations tend to cluster in the same
ZIP Codes.
Spearman correlations between children’s asthma
hospitalization rate and the other variables of interest
are shown in Table 2 for Los Angeles County ZIP Codes
and cities. At the ZIP Code level, children’s asthma hospitalization rate was positively correlated with children’s
assault hospitalization rate, assault hospitalization rate
for all ages, percent non-white, percent Hispanic, percent African American, and percent of families living
in poverty. Children’s asthma hospitalization rate was
also negatively correlated with median family income.
At the city level, children’s asthma hospitalization rate
was positively correlated with children’s assault hospitalization rate, assault hospitalization rate for all ages,
percent non-white, percent Hispanic, and domestic
violence crime rate. The percent African American,
both the SES variables, and the remaining two crime
rate variables were not significantly correlated with
children’s asthma hospitalization rate at the city level.
The correlations between the asthma and assault
hospitalization rates are visualized in Figures 2 and
3. The two variables were more strongly correlated at
the city level (Figure 2; r50.81) than at the ZIP Code
level (Figure 3; r50.54).
The best-fit variables from the univariate regressions
were included in multiple regression analyses. The children’s asthma hospitalization rate was the dependent

Table 1. Descriptive statistics—hospitalization rates, sociodemographic characteristics, and reported crime,
Los Angeles County ZIP Codes and cities, 2000
Variable

ZIP Code
Mean (SD)

Asthma hospitalization rate (#20 years)ª

27.3 (13.4)

Assault hospitalization rate (all ages)ª
Percent non-white
Percent Hispanic
Percent African American
Percent families in poverty

b

Median family income in U.S. dollars

City
minimum

Maximum

Mean (SD)

Maximum

0.0

111.3

0.0

82.2

21.0 (27.7)

0.0

180.0

2.4 (2.5)

0.6

141.8

60.8 (27.8)

11.1

99.3

61.2 (28.0)

11.0

99.0

36.7 (25.6)

3.2

97.2

38.9 (29.4)

2.8

96.3

9.0 (14.3)

0.2

87.0

5.5 (8.5)

0.0

46.4

10.2 (7.0)

0.0

13.1 (9.9)

1.1

48.8

22.7 (18.5)

Minimum

64,097 (34,443) 28,833

26.4

55,494 (27,736)

0

174,183

Calls for domestic violence rateª

N/A

N/A

N/A

0.0

179.0

Nonviolent crime rateª

N/A

N/A

N/A

287.5 (186.6)

69.3

1,293.2

Violent crime rateª

N/A

N/A

N/A

55.4 (37.3)

0.0

163.1

40 (29.3)

ªAll rates are per 10,000 population.
b

The poverty threshold is defined as $16,895 for a family of four according to the U.S. Census Bureau Population Survey (1999).

CI 5 confidence interval
N/A: These variables are not available at the ZIP Code level.
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Figure 1. Hospitalization rates for asthma among #20-year-olds and
assaults among all ages by ZIP Code, Los Angeles County, 2000
Asthma hospitalization rates

Assault hospitalization rates

LA County boundary
Asthma hospitalization rates among #20
#19.4
19.5–26.5
26.6–35.8
$35.9

LA County boundary
Assault hospitalization rates among all ages
#1.6
1.7–3.5
3.6–6.8
$6.9

SOURCE: Office of Statewide Health Planning and Development Hospital Discharge Data
NOTE: All rates are per 10,000 population.

variable in all models. At the ZIP Code level, the best-fit
multiple linear regression model (R 250.58), included
as predictors the square root percent families living in
poverty, square root percent African American, percent
Hispanic, and natural log of assault hospitalization
rate. Thirty-one percent of the variance in children’s
asthma hospitalization rate was accounted for by the
square root percent African American variable. The
next greatest contributor was square root percent
families living in poverty, accounting for 14% of the
variance. Percent Hispanic accounted for 7% of the
variance in children’s asthma hospitalization rate and
the natural log of assault hospitalization rate (all ages)
accounted for 6%. Colinearity was not a problem in
this final model.
The best-fit model at the city level contained percent
families living in poverty, percent non-white, domestic
violence crime rate, nonviolent crime rate, violent
crime rate, and assault hospitalization rate (all ages).

Table 3 displays the results from this model. The overall
model accounted for 54% of the variance in children’s
asthma hospitalization rate. The greatest contributor
to the variance was assault hospitalization rate (all
ages), which accounted for 43% of the variance of
children’s asthma hospitalization rate. Next, percent
of families living in poverty accounted for 7% of the
variance in children’s asthma hospitalization rate and
the nonviolent crime rate accounted for 4% of the
variance. Percent non-white, domestic violence crime
rate, and the violent crime rate were not significant
predictors of children’s asthma hospitalization rate in
the final model.
DISCUSSION
This ecological study showed a consistent association
between hospitalization rates for asthma in individuals
younger than age 20 and hospitalizations for assaults.
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Table 2. Spearman rank correlation coefficients between annual asthma hospitalizations in children
and other variables, Los Angeles County ZIP Codes and cities, 2000
Variable

ZIP Code
Correlation coefficient (95% CI)

City
Correlation coefficient (95% CI)

0.54 (0.46, 0.62)

0.80 (0.71, 0.87)

Assault hospitalization rate (all ages)ª
Percent non-white

0.53 (0.44, 0.61)

0.25 (0.05, 0.44)

Percent Hispanic

0.37 (0.27, 0.47)

0.29 (0.09, 0.47)

Percent African American

0.52 (0.42, 0.60)

0.09 (20.13, 0.29)

Percent families in povertyb

0.41 (0.30, 0.50)

0.19 (20.02, 0.38)

Median family income in U.S. dollars

20.41 (20.51, 20.31)

20.19 (20.39, 0.02)

Calls for domestic violence rateª

N/A

0.25 (0.04, 0.44)

Nonviolent crime rateª

N/A

0.16 (20.05, 0.36)

Violent crime rateª

N/A

0.19 (20.02, 0.38)

ªAll rates are per 10,000 population.
b

The poverty threshold is defined as $16,895 for a family of four according to the U.S. Census Bureau Population Survey (1999).

CI 5 confidence interval
N/A: These variables are not available at the ZIP Code level.

found associations between these SES measures and
asthma hospitalization rates.11,17
While both ZIP Code and city level results are similar
to previous research, the data from the two geographic
levels are not identical. At the city level, the correlation
coefficients for each of these five variables were smaller
than at the ZIP Code level, and only two (percent nonwhite and percent Hispanic) reached significance. The
results at the ZIP Code level are more reliable since
aggregation of the data into cities creates larger, more
heterogeneous areas and results in a smaller sample
size. A power analysis also shows that with 271 ZIP
Codes there is a power of 99.9% to detect a significant

Figure 2. Correlation between childhood asthma
hospitalizations and assault hospitalizations for all
ages at the city level

Figure 3. Correlation between childhood asthma
hospitalizations and assault hospitalizations for all
ages at the ZIP Code level

120

# 20-year-olds asthma hospital rate
per 10,000

#20-year-olds asthma hospital rate
per 10,000

In general, our results are consistent with previous
findings.5,10,11,18,45,46 Two of the three racial/ethnic
variables in the study (percent non-white and percent
Hispanic) were correlated with asthma hospitalization
rates at both the ZIP Code and the city levels. The third
variable, percent African American, was correlated
with asthma hospitalization only by ZIP Code. Several
small area analyses conducted throughout the country
have found correlations between the size of an area’s
minority population and the rate of asthma hospitalization.5,10,11,17 Both SES variables were significantly
correlated with childhood asthma hospitalization rates
by ZIP Code, but not by city. Other research has also
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Table 3. Final multiple regression models with childhood asthma hospitalization rate as dependent variable,
Los Angeles County ZIP Codes and cities
Independent variables

Parameter estimate (95% CI)

ZIP Code model
Intercept
Square root percent families living in povertyª
Square root percent African American
Percent Hispanic
Natural log assault hospitalization rate (all ages)b
City models
Intercept
Percent families living in povertyª
Percent Non-white
Calls for domestic violence rateb
Nonviolent crime rateb
Violent crime rateb
Assault hospitalization rate (all ages)b

224.4
22.1
4.0
0.2
11.5
8.6
20.9
0.10
0.0
0.03
20.1
5.2

Partial R²

(236.4, 212.5)
(23.4, 20.7)
(3.2, 4.8)
(0.2, 0.3)
(7.9, 15.0)

—
0.14
0.31
0.07
0.06

(0.9, 16.3)
(21.7, 0.1)
(20.1, 0.3)
(20.1, 0.1)
(0.0, 0.1)
(20.3, 0.0)
(4.0, 6.3)

—
0.07
0.01
0
0.04
0.02
0.43

ªThe poverty threshold is defined as $16,895 for a family of four according to the U.S. Census Bureau Population Survey (1999).
b

All rates are per 10,000 population.

CI 5 confidence interval

correlation of 0.3 at alpha50.05; however, with only 86
cities, the power to detect a correlation of 0.3 drops
to 81%. Therefore, the Spearman correlations at the
ZIP Code level are likely more accurate.
The results of this study indicate that community
violence is associated with community-level estimates of
children’s hospitalization rates for asthma. Our main
measure of community violence, the assault hospitalization rate for all ages, was strongly associated with
hospitalization rates for childhood asthma after adjustment for racial/ethnic distribution and SES. Assault
hospitalization rates accounted for 6% of the variance
in childhood asthma hospitalization rates at the ZIP
Code and 43% at the city level. The difference in partial
R 2 may largely be due to the vastly different models
that were used for the two geographic levels. The city
model contained crime related predictors that were
not available at the ZIP Code level and the results were
based on a much smaller number of areas. Since violence is one of several factors that may impact asthma
morbidity and because the ZIP Code regressions are
likely more reliable due to the increased sample size,
the 6% partial R 2 result from the ZIP Code regression
seems more reasonable.
The measures of crime did not have as much effect
on asthma hospitalization rates when controlling for
race/ethnicity and SES. Nonviolent crime was weakly
significant in the final regression model, which suggests nonviolent crime in a community may act as a
stressor for individuals living there. We also found
that violent crime rates had a significant, but negative,

effect on childhood asthma hospitalizations. This was
unexpected since violent crime has been identified
as a community stressor.47 The third crime measure,
domestic violence rate, was not significantly associated
with childhood asthma hospitalization rates. This may
be because domestic violence is less common than
other forms of community violence27 and may be more
likely to take place in private locations. From 1993 to
1998, more than 80% of domestic violence incidents
occurred in or near the victim’s home or in the home
of a friend or neighbor,48 while only 36% of all violent
crimes were committed in the same locations during
1998.49
The weak relationships between asthma and all
crime variables in this study may be partially due to
high levels of underreporting. Only around half of
all domestic violence victims reported the crime to
police from 1993 to 1998.48 Reporting for other types
of crimes is also poor. More than 60% of violent,
personal, and property crimes are not reported to
law enforcement.50 This severe underreporting would
tend to bias our results toward the null. In addition,
the underreporting of crime potentially explains the
unexpected result of a negative association between
violent crime and asthma. If communities with high
levels of asthma are less likely to report crime, this
might lead to the results found here.
This study faces several other limitations. While
the ecological approach has been advocated as the
most appropriate way to study exposure to community
violence,47 the ecological design of our study prohibits
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drawing any inferences about the effect community
violence has on an individual’s asthma morbidity.51 The
results at the ZIP Code level are likely more reliable
than city-level results since the use of smaller, more
homogeneous areas may reduce aggregation bias in
ecological studies.52
The use of hospital discharge data also introduces
some problems. The data do not include each patient’s
city of residence. The method we used to determine the
number of hospitalizations from each city introduces
error, since our procedure tends to overrepresent
large cities. In addition, the discharge data do not
allow for the identification of multiple hospitalizations
by the same individual. This is a source of bias, since
hospitalized asthma patients are at greater risk for
readmission for other reasons (e.g., inability to have
access to medications, etc.) in areas with increased
hospitalizations for assaults.53 In one study, patients
with multiple admissions for asthma made up more
than one third of all admissions for asthma.54
Another problem is that hospitalization rates
for all conditions can vary geographically, and thus
the demonstrated relationship between asthma and
assault hospitalizations may be a function of overall
geographic variation in hospitalization rates. However,
we found that assault hospitalizations were not correlated with hospitalizations for childhood pneumonia
and influenza (ZIP Code level Spearman correlation
coefficient520.08; p50.21). Thus, while some of the
relationship between asthma and assault hospitalizations can, perhaps, be explained by overall geographic
variation in the rate of hospitalization, it is likely that
a true relationship exists.
The potential for large undercounts in the census
data is also a problem since we used the census for
race/ethnicity and SES measures as well as the population data. In 1990, the undercount rate for Los Angeles
County was 3.3% overall and 5.0% for children; this
was much higher for African Americans, with an undercount of 7.8% overall and 12.1% for children.55
Finally, we were unable to find data for several factors
which may influence asthma rates. We were not able to
locate either air quality or smoking prevalence data at
the ZIP Code or city level for Los Angeles County.
Despite these limitations, this study suggests that
community violence may act as an additional risk factor
for asthma hospitalizations in children. The effects of
violence are felt throughout a community, not just by
its immediate victims. Los Angeles County is characterized by high rates of community violence. In addition, approximately two thirds of Los Angeles County
residents are of non-white decent and almost one in
five live below the poverty level.37,40,41 Being non-white
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and/or of lower SES is associated with greater asthma
morbidity, and the additional factor of community violence further adds to the asthma burden experienced
by this population.
The failure to address the reasons for health disparities such as those seen in rates of childhood asthma
across non-white racial/ethnic groups and levels of
SES has significant detrimental public health, social,
and economic consequences.56 It is essential that
policies and clinical interventions aimed at reducing
exposure to violence and/or counseling victims and
witnesses of violence be adopted. Policies targeted to
improve life opportunities and living conditions may
increase social cohesion and decrease violence in high
risk communities.20 By addressing the issue of community violence, the disproportionate burden of asthma
morbidity of non-white and/or lower SES individuals
may be reduced.
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