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Abstract

Objectives—To assess whether population-level violent (and all) crime rates were associated 

with population-level child asthma utilization rates and predictive of patient-level risk of asthma 

reutilization after a hospitalization.

Study design—A retrospective cohort study of 4,638 pediatric asthma-related emergency 

department visits and hospitalizations between 2011 and 2013 was completed. For population-

level analyses, census tract asthma utilization rates were calculated by dividing the number of 

utilization events within a tract by the child population. For patient-level analyses, hospitalized 

patients (n=981) were followed until time of first asthma-related reutilization. The primary 

predictor was the census tract rate of violent crime as recorded by the police; the all crime (violent 

plus non-violent) rate was also assessed.

Results—Census tract-level violent and all crime rates were significantly correlated with asthma 

utilization rates (both p<.0001). The violent crime rate explained 35% of the population-level 

asthma utilization variance and remained associated with increased utilization after adjustment for 

census tract poverty, unemployment, substandard housing, and traffic exposure (p=.002). The all 

crime rate explained 28% of the variance and was similarly associated with increased utilization 

after adjustment (p=.02). Hospitalized children trended toward being more likely to reutilize if 

they lived in higher violent (p=.1) and all crime areas (p=.01). After adjustment, neither 

relationship was significant.

Conclusions—Crime data could help facilitate early identification of potentially toxic stressors 

relevant to the control of asthma for populations and patients.
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Disparities mark how asthma is experienced across pediatric populations,(1–4) driven by 

social determinants that include socioeconomic hardship, substandard housing, and exposure 

to pollutants.(5–9) These factors, which are influenced by neighborhood context, cause 

stress that can result in or augment potentially preventable symptoms, emergency 

department (ED) visits, and hospitalizations. A stress response becomes toxic when it 

prompts strong, frequent, or prolonged activation of the body’s stress-response systems in 

the absence of coping mechanisms.(10) There can also be disruptions to the hypothalamic-

pituitary-adrenal axis, including for those frequently exposed to violence, resulting in 

elevated serum cortisol levels.(11, 12) This may prompt asthma exacerbations via associated 

physiologic inflammation.(13–15) There can also be mental health ramifications – toxic 

stress has been linked to depressive symptoms(16) – which may affect treatment adherence 

and symptom control.(13)

Children are frequently exposed to criminal acts.(17) Crime, which “mirrors” stress present 

within a community, has been frequently linked to health outcomes.(18, 19) Exposure to 

violence has also been explicitly linked to asthma-related symptoms and exacerbations,(20–

25) perhaps via provoked inflammatory responses. Studies describing this link, including the 

Inner City Asthma Study, generally rely on family- or self-report of exposures.(23) In 

practice, however, public health officials and physicians do not commonly screen for these 

exposures or experiences. Developing methods for identifying exposures to potentially toxic 

stress precipitants, like crime, in an efficient and reliable manner would be a step forward in 

population- and patient-level risk assessment. The use of neighborhood crime data would be 

one way to evaluate the interplay of the social environment and asthma without relying on a 

social history or screen.(26–28) Moreover, evidence linking stressful exposures to health 

outcomes could facilitate a more informed, targeted approach to population- and patient-

level intervention.

We recently defined “geomarkers” as “objective contextual or geographic measures that 

influence or predict incidence of outcome or disease.”(7) Here, we sought to determine 

whether geomarkers of violent crime and all crime (violent plus non-violent), as reported 

and measured by the police, would be associated with population-level rates of asthma ED 

visits and hospitalizations. As a secondary objective, we sought to examine whether, among 

children already hospitalized for an asthma exacerbation, these crime measures would be 

predictive of asthma-related reutilization (ED revisit or re-hospitalization).

METHODS

This was a retrospective cohort study of children, aged 2–17 years, who visited the ED or 

were hospitalized for asthma at Cincinnati Children’s Hospital Medical Center (CCHMC) 

between January 1, 2011, and December 31, 2013. This study was approved by the CCHMC 

Institutional Review Board. Subjects were identified using ED or hospital admission 

diagnosis (International Classification of Diseases, 9th Revision, Clinical Modification 

[ICD-9-CM] 493.XX). Street addresses were geocoded and linked to corresponding 2010 

census tracts.(29) The population-level analysis focused on the cohort’s 4,638 total 

utilization events. The patient-level analysis used a subset of the cohort, those 981 patients 
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who were hospitalized during the study period and followed for ≥12 months to assess time 

to first asthma-related ED revisit or re-hospitalization.

Analyses were limited to children living within Cincinnati, the jurisdiction of the Cincinnati 

Police Department which oversees the data source for our predictors. Cincinnati is an urban 

area with 54,332 children aged 2–17 years. Cincinnati’s poverty rate is 30.4% and the child 

poverty rate is 44.9%, among the highest for U.S. cities of its size.(29) There are 108 census 

tracts within Cincinnati. Four were excluded as <100 children lived within them. Locally, 

Ohio Hospital Association data suggest that CCHMC manages ~95% of all asthma 

hospitalizations. Although ED utilization data are less clear, the recent Greater Cincinnati 

Asthma Risks Study, a cohort study including regional patients hospitalized for asthma 

exacerbations suggested, via survey, that ~90% of reported ED visits occurred at CCHMC 

facilities.(30) As such, this was considered a population sample.

Outcomes and predictors

The population-level asthma-related utilization rate outcome variable was calculated at the 

census tract level by dividing all ED and hospitalization events within a tract by the total 

number of children, aged 2–17 years, living within that tract. This was measured per 1,000 

children and annualized over the data collection period.

The patient-level reutilization outcome variable was assessed for the subset of children with 

an asthma hospitalization between 2011 and 2013. Each child was followed for ≥12 months 

to identify time to first reutilization, defined as the days between hospital discharge and the 

first asthma-related reutilization event. Those not experiencing a reutilization event were 

censored on December 31, 2014 (end of available follow-up data). Reutilization events were 

captured by ICD-9-CM codes of discharge diagnoses within hospital billing data (493.XX).

Tract-level predictors were calculated from publicly-available Cincinnati Police Department 

data. Data were obtained for the 104 included tracts for all criminal incidents between 

January 1, 2011, and December 31, 2013. To calculate the violent crime rate (VCR), we 

identified violent incidents, as defined by the Federal Bureau of Investigation’s Uniform 

Crime Reporting Program, within the broader crime dataset (eg, homicide, rape, aggravated 

assault).(31) A VCR was calculated for each tract by dividing all in-tract violent incidents 

by the total in-tract population. This was measured per 1,000 individuals of all ages living 

within the tract and annualized over the data collection period. We constructed an analogous 

measure, the all crime rate (ACR), using all criminal incidents, including violent as well as 

non-violent and property crimes such as burglary, vandalism, and public indecency. 

Analyses used quartile cut-points for both the VCR and ACR predictor variables: the 104 

census tracts were placed in one of four risk groupings, each including 26 tracts (25% of all 

tracts), low, low medium, high medium, and high. This was done to simulate a use of the 

data that could be more easily implemented in public health, community, or clinical settings.

Covariates

Covariates for both population- and patient-level analyses were chosen given expected 

relationships with both the predictor (crime) and, potentially, the outcome (asthma 

utilization). At the population level, we identified census tract-level geomarkers of the 
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economic environment using data from the U.S. Census 2009–2013 American Community 

Survey: rates of poverty (percentage of individuals below the federal poverty level) and 

unemployment (percentage of unemployed adults).(29) We also included geomarkers of the 

physical environment, asthma-related housing code violation density (HCVD) and air 

pollution. HCVD, previously calculated using local health, property maintenance, and 

building department data, has been shown to be relevant to asthma utilization at both the 

population- and patient-levels.(7) The included measure of air pollution was derived using a 

validated land-use regression model that allows for the determination of traffic-related air 

pollution exposure at a specific latitude and longitude; it has also been associated with 

asthma outcomes.(32, 33) Here, we used the median pollution value across each tract. Like 

VCR and ACR, variables were categorized, placing 25% of included tracts into one of four 

risk groups.

The covariates described above were also used in patient-level analyses by linking a 

patient’s census tract to tract-level data. We also obtained data on patient age, sex, race, and 

insurance from the electronic health record. Age was treated as a continuous variable. Race 

was defined as white, black/African American, or multi-racial/other; insurance as public or 

private. Although data on ethnicity was collected, children of Hispanic origin made up just 

~3% of our population and were, therefore, included in the multi-racial/other category.

Statistical Analyses

Population-level correlations between continuous crime predictors and economic and 

physical environmental covariates were assessed using Spearman correlation coefficients. 

Bivariate relationships between categorized predictors and asthma utilization rates were then 

assessed using unadjusted linear regression. Multivariable linear regression assessed for 

independent relationships between VCR (and ACR) quartiles and asthma utilization rates.

Bivariate patient-level associations between tract-level predictors and covariates and time to 

reutilization were assessed using Kaplan-Meier and log-rank statistics. Cox proportional 

hazards regression was then used to adjust for pertinent covariates.

Geocoding and mapping was pursued using ArcGIS (version 10.1, Redlands, CA), statistical 

analyses using SAS (version 9.3, Cary, NC).

RESULTS

From 2011–2013, there were 4,638 asthma-related ED visits and hospitalizations to 

CCHMC for children living within Cincinnati. The median asthma utilization rate across the 

104 included census tracts was 28.0 asthma-related ED visits or hospitalizations per 1,000 

children per year (range 1.6–85.5) (Table I). During the same period, there were 10,708 

violent and 97,730 total criminal incidents. The median VCR was 10.5 incidents per 1,000 

individuals per year (range 0.2–65.6); the median ACR was 118.7 (range 24.7–365.7).

Population-level analyses

VCR and ACR were significantly correlated with each of the population-level covariates 

except traffic-related air pollution. VCR and ACR were both significantly correlated with 
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asthma utilization rates (r=.61 and r=.54, respectively; both p<.0001). Geographically, 

utilization events clustered in tracts with higher rates of violent crime (Figure 1).

Asthma utilization rates varied in a graded, linear fashion across quartiles of VCR, ACR, 

poverty, unemployment, and HCVD (all p<.0001). For example, the asthma utilization rates 

were 14.0, 26.8, 33.7 and 39.9 per 1,000 children per year, across low, low medium, high 

medium, and high violent crime quartiles, respectively.

In the unadjusted linear regression analyses, VCR explained 35% of the total variance in 

population-level asthma utilization and ACR explained 28% (p<.0001 for both). Table II 

illustrates the degree to which both VCR and ACR remained significantly and independently 

associated with utilization after adjustment for tract poverty, unemployment, HCVD, and 

traffic-related air pollution levels (VCR p=.002; ACR p=.02).

Patient-level analyses

The subset of 981 patients who were hospitalized and evaluated for time to first asthma-

related reutilization was 62% male, 83% African American, and 87% publicly-insured, with 

a median age of 4.7 years (Table I). A total of 41.2% reutilized within 12 months.

The association between VCR and patient-level time to reutilization is shown in Figure 2, A. 

In an unadjusted Cox proportional hazards model, children living within the high medium 

violent crime quartile had a 44% increased hazard of reutilization compared with those in 

the low risk quartile (95% confidence interval [CI] 1.05–1.99); the other quartiles were not 

significantly associated with time to reutilization. The ACR was significantly associated 

with patient-level time to reutilization (p=.01; Figure 2, B). Patterns for the ACR were 

similar to those for the VCR: those in the high medium risk quartile had a 33% increased 

hazard of reutilization (95% CI 1.01–1.75). None of the other quartiles were related to 

reutilization.

Adjusted relationships between both VCR and ACR and patient-level time to reutilization 

were not significant (Table III; available at www.jpeds.com). Although not significant, point 

estimates suggest a relationship, particularly for the VCR. For example, after adjustment for 

tract poverty, unemployment, and HCVD and patient age, sex, race, and insurance, 

compared with those at low risk, children living in high medium risk tracts had a 1.21-times 

adjusted hazard (95% CI 0.73–1.99) of reutilization.

DISCUSSION

At the population-level, high rates of violent, and all, crime were significantly and 

independently associated with higher rates of pediatric asthma-related ED visitation and 

hospitalization. Findings were less clear in our assessment of relationships between area-

level crime measures and individual patients’ risk of asthma-related reutilization following a 

hospitalization. Still, although relationships between the economic and physical 

environments and asthma are well-established, these findings further the notion that the 

social environment also plays a critical role. Given the ubiquity of asthma morbidity in 

impoverished, urban settings, a more deeply understood link between context and health 
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could facilitate targeted and informed interventions aimed at assisting both populations and 

patients.

Asthma, like many chronic diseases, is deeply affected by environmental or contextual 

factors that perpetuate disparities. We previously highlighted that Greater Cincinnati 

neighborhoods with high rates poverty and substandard housing also had high rates of 

pediatric asthma utilization.(1, 7) We now add a measure of the social environment to these 

measures of the economic and physical environments. Analyses that more readily include 

and adjust for multiple contextual facets will facilitate a deeper understanding of why a 

treatable, controllable chronic disease continues to show sizable socioeconomic and racial 

disparities in the expression of potentially preventable morbidity. Future studies that 

determine whether certain facets are more relevant in one community over another would be 

of similar value. Specifically, studies that evaluate how to best differentiate communities 

from one another (i.e., how to determine the extent to which different exposures are driving 

morbidity in different areas) to inform interventions would be particularly impactful.

Chronic exposure to violence and living in chronically “inflamed” or “toxic” neighborhoods 

could prompt heightened physiologic inflammation among exposed individuals. Resulting 

inflammation, immune dysregulation, and challenges to mental health could lead to poor 

asthma control while also placing patients at lower thresholds for exacerbation.(15, 16, 34, 

35) Specifically, evidence suggests that adverse exposures can modify the hypothalamic-

pituitary-adrenocortical axis and autonomic nervous system in ways that upset the balance of 

glucocorticoids and catecholamines. This can then affect the way individuals respond, 

physiologically, to asthma triggers, prompting more frequent and, perhaps, more severe 

exacerbations.(15) Measuring potentially adverse exposures and experiences, however, can 

be challenging. Neighborhood-level crime rates could represent proxy measures for these 

exposures and the potential toll of toxic stress precipitants as they occur within a 

community.(10) Crime rates could also be proxies for “adverse childhood experiences,” 

exposures to psychological, physical, or sexual abuse, or to violent or criminal behavior that 

are increasingly being considered as relevant to health outcomes, including asthma, across 

the life-course.(36–39)

Consequences of being exposed to crime may be downstream yet separate effects of poverty, 

socioeconomic inequalities, and hardships.(18) Saegert and Winke have suggested that crime 

can prompt a reduction in participation in group activities and from feeling a sense of 

community.(40) This disruption removes the potential benefits one receives from robust 

social and community networks, perpetuating negative cycles that propagate both sub-

optimal health and criminal motivation.(41–43) Limited social and community support 

networks alongside safety concerns may weigh heavily on the minds of families and take 

precedence over taking asthma controller medications or following up at a primary care 

physician’s office.(44)

Our findings suggest that the observed population-level associations may extend to 

individual patients. In general, those in higher crime areas were more likely to reutilize than 

those in low crime areas; interestingly, those in the high medium crime groups were the most 

likely to reutilize. Perhaps there were fewer supports for these patients, less buffered by 
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safety net resources. Also, this analysis started with children who had symptoms already 

severe enough to warrant hospitalization. Findings may have differed within a not-yet 

hospitalized population. Associations between such exposures and asthma morbidity may 

also be modified by child age, a consideration worthy of future study. Still, the directionality 

of our findings is consistent with previous studies. Within the Inner City Asthma Study, 

Wright et al identified significant associations between family-reported exposure to violence 

and sub-optimal asthma control after controlling for factors including socioeconomic status 

and housing deterioration.(23) Using a similar approach within a similarly high-risk 

population, we used area-level proxies which, if inserted into electronic health records, 

might prove more realistic than family-report in a busy clinical practice setting.(26–28, 45)

Our study evaluated whether police-reported, publicly-available crime data is relevant to 

population- and patient-level asthma outcomes. Re-purposing crime data could help provide 

a social context for population- and patient-level care care provision. It is critical to more 

efficiently determine which populations and patients are most burdened by potentially-

modifiable factors that compete with access and adherence to preventive care.(44) Resulting 

action could lessen the burden of living in a stressful social environment and enhance social 

support in ways that could mitigate the negative impact of crime on health.(41) Chen et al 

noted that high risk children who reframed stressors more positively and thought more 

optimistically had less baseline asthma-related inflammation.(46) A care strategy may 

include more involvement of mental health professionals, particularly for children in high 

crime environments, to help them adopt such approaches. Engagement with and 

collaboration between communities and law enforcement agencies around equitable 

neighborhood-based health promotion may, too, be a timely step forward. Looking at data in 

new, health-centric ways may also provide a lens through which such relationships could be 

re-imagined with an eye toward an expanded, empathic sense of community.

There were limitations to this study. First, the local nature of our crime data and the 

sociodemographic characteristics of our patient population affect generalizability. We expect 

many police departments, however, collect and could share data, and that even populations 

that differ could be affected by such exposures in similar ways. Second, our results may be 

subject to the “ecologic fallacy” as we assigned geographic data to individuals based on their 

address. Although census tracts are small and rather homogeneous, certain individuals may 

move or may live in a different corner of the tract from where crime takes place. 

Alternatively, individuals in “low crime” tracts may actually be highly or intimately exposed 

(e.g., cases of domestic violence). Third, there is likely bias as to where criminal incidents 

are most likely known to police (ie, some areas may report criminal incidents, or be 

patrolled by police, more than others).(47) We expect violent crimes are the most likely type 

of crime reported or identified; therefore, we expect the VCR to be an accurate estimate of 

actual exposure. Fourth, our outcome data come from just one institution. It is possible that 

children could seek acute care outside of our system. Still, our institution dominates the 

emergency and hospital market locally; thus, we do not expect loss to outside institutions 

would substantially alter our findings. Finally, our analyses are not able to assess whether 

observed relationships are causal; we also cannot specify the direction of association. 

Although we hypothesize that exposure to crime affects health outcomes, it is possible that 

sub-optimal health might lead to crime in and of itself.
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Pediatric asthma is inextricably tied to the environment. Geomarker-based data, including 

information related to the social environment, could facilitate early identification of 

potentially toxic stressors relevant to the control of asthma. In turn, such knowledge could 

promote interventions that buffer the impact of this stress before it causes sub-optimal 

symptom control and the perpetuation of disparities.
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Figure 1. 
Map of the 104 City of Cincinnati, Ohio census tracts, displaying rates of violent crime 

incidents per 1,000 people per year (measured 2011–2013) with overlying asthma utilization 

events (emergency department visits and hospitalizations)
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Figure 2. 
Kaplan Meier curves displaying patient-level time to reutilization (emergency department 

revisit or re-hospitalization) by quartiles of A, census tract violent crime rates and B, census 

tract all crime rates. P-values obtained using the log-rank test.
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Table 1

Characteristics of the 104 included Cincinnati census tracts and the 981 unique patients hospitalized between 

January 1, 2011 and December 31, 2013 from those tracts

N (or median) % (or IQR)

Population-level characteristics (n=104 census tracts)

  Asthma utilization rate (events per 1,000 children) 28.0 17.1–37.5

  Violent crime rate (incidents per 1,000 individuals)* 10.5 4.8–19.2

  All crime rate (incidents per 1,000 individuals)* 118.7 70.0–163.0

  Poverty rate (%)** 30.3 17.0–46.6

  Unemployment rate (%)** 13.8 7.8–20.1

  Housing code violation density (per 1,000 units)† 11.6 6.9–21.9

  Exposure to traffic-related air pollution†† 0.43 0.33–0.66

Patient-level characteristics (n=981 patients with index hospitalization)

 Age 4.7 2.6–8.3

 Male sex 611 62.3

 Race

  White 110 11.2

  African American 814 83.0

  Multiracial/Other 57 5.8

 Insurance

  Private 127 13.2

  Public 838 86.8

Patients’ census tract violent crime rate (per 1,000 individuals)*‡

  Low 90 9.2

  Low medium 225 22.9

  High medium 356 36.3

  High 310 31.6

Patients’ census tract all crime rate (per 1,000 individuals)*‡

  Low 119 12.1

  Low medium 222 22.6

  High medium 384 39.1

  High 256 26.1

*
Data obtained and calculated from 2011–2013 Cincinnati Police Department for the 104 included census tracts

**
Data obtained from 2009–2013 American Community survey for the 104 included census tracts

†
Data obtained and calculated from 2008–2012 Cincinnati Area Geographic Information System for the 104 included census tracts

††
Data obtained from validated land-use regression model

‡
Quartiles calculated so as to place 25% of census tracts in each grouping
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Table 3

Cox proportional hazards regression models assessing associations between census tract crime and patient-

level asthma-related reutilization hazard

Model 1 HR (95% CI)
Model 2 AHR (95% 

CI)*
Model 3 AHR (95% 

CI)**
Model 4 AHR (95% CI)

†

Violent crime rate (per 
1,000 individuals)

 Low Ref Ref Ref Ref

 Medium low 1.25 (0.89, 1.76) 1.20 (0.82, 1.76) 1.03 (0.72, 1.46) 1.03 (0.70, 1.51)

 Medium high 1.44 (1.05, 1.99) 1.37 (0.84, 2.25) 1.18 (0.80, 1.57) 1.21 (0.73, 1.99)

 High 1.24 (0.90, 1.73) 1.23 (0.73, 2.04) 0.91 (0.64, 1.29) 1.05 (0.63, 1.76)

Crime rate (per 1,000 
individuals)

 Low Ref Ref Ref Ref

 Medium low 0.96 (0.71, 1.30) 0.83 (0.57, 1.20) 0.85 (0.62, 1.16) 0.82 (0.56, 1.18)

 Medium high 1.33 (1.01, 1.75) 1.18 (0.80, 1.76) 1.10 (0.83, 1.47) 1.17 (0.78, 1.75)

 High 1.06 (0.79, 1.42) 1.00 (0.65, 1.55) 0.85 (0.62, 1.15) 0.99 (0.63, 1.54)

*
Model 2 adjusts for significant population-level covariates (poverty, unemployment, housing code violation density)

**
Model 3 adjusts for patient-level covariates (age, sex, race, insurance)

†
Model 4 adjusts for both population- and patient-level covariates
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