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By Andrew F. Beck, Bin Huang, Raj Chundur, and Robert S. Kahn

Housing Code Violation Density
Associated With Emergency
Department And Hospital Use
By Children With Asthma

ABSTRACT Local agencies that enforce housing policies can partner with
the health care system to target pediatric asthma care. These agencies
retain data that can be used to pinpoint potential clusters of high asthma
morbidity. We sought to assess whether the density of housing code
violations in census tracts—the in-tract asthma-relevant violations (such
as the presence of mold or cockroaches) divided by the number of
housing units—was associated with population-level asthma morbidity
and could be used to predict a hospitalized patient’s risk of subsequent
morbidity. We found that increased density in housing code violations
was associated with population-level morbidity independent of poverty,
and that the density explained 22 percent of the variation in rates of
asthma-related emergency department visits and hospitalizations.
Children who had been hospitalized for asthma had 1.84 greater odds of
a revisit to the emergency department or a rehospitalization within
twelve months if they lived in the highest quartile of housing code
violation tracts, compared to those living in the lowest quartile.
Integrating housing and health data could highlight at-risk areas and
patients for targeted interventions.

C
hild asthma morbidity is not con-
stant across populations.1–3 There
are deep, potentially preventable
disparities in its distribution.4–6

Social and environmental factors,
such as substandard housing conditions, perpet-
uate asthma-relateddisparities and contribute to
excess morbidity.7–10 Interventions that improve
housing conditions also improve health, espe-
cially for people with diseases such as asth-
ma.11–16 Given the clear relationship of housing
and health, it follows that policy makers focused
on housing policy and housing quality could
share a common purpose with those who focus
on the health of populations and patients.
Such a shared purpose among the housing and

health sectors, coupled with shared expertise
and data, could facilitate a deeper characteriza-

tion of social and environmental risks and en-
able a more targeted, collaborative approach to
the provision of population- and patient-level
care. Improved health outcomes at a reduced
cost could result from these sectors’ adoption
of innovative approaches to risk assessment, ap-
proaches that rely on preexisting and potentially
important data that are not routinely used to
make health care decisions.17,18

National data sets such as those from the US
census and variables such as the percentage of
vacant or renter-occupied homes within a geo-
graphic area19 have been used to understand var-
iability in health outcomes across popula-
tions.20,21 However, local data sets may provide
additional granularity, which could facilitate a
deeper understanding of variation in morbidity.
Many jurisdictions collect data on the enforce-
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mentof housingordinances or codes designed to
maintain healthy housing conditions for com-
munity residents.22,23 In Greater Cincinnati,
housing inspectors respond to tenants’ or neigh-
bors’ complaints about housing conditions such
as the presence of pests ormold. If violations are
identified, inspectors work with tenants, land-
lords, and the courts to remediate conditions.
Information about violations becomes part of
the public record.24

Data on code violations have been used across
large areas (populations of about 130,000) to
assess associations with allergic sensitization
to certain environmental exposures.23 Using
the data for smaller areas such as census tracts
could be even more meaningful in understand-
ing local disparities. Data could also be efficient-
ly brought into patients’ electronic health rec-
ords to inform and improve clinical care.18,25–28

Marketers, political campaigns, and—increas-
ingly—public health practitioners use this type
of contextual or geographic data to identify pop-
ulations towhomthey can targetoutreachefforts
such as mailings and canvassing. Similar data
could inform and improve care delivery at the
population and patient levels.
Patients at high risk are often concentrated

within neighborhoods that expose residents
to potentially harmful risks.5,23,29–33 However,
health care providers often fail to make use of
geomarkers—which we define as any objective,
contextual, or geographic measure that informs
additional assessments and interventions for
patients who are affected by chronic illnesses
that are sensitive to the surrounding envi-
ronment.
To explore this concept further, we sought to

calculate a census-tract-based housing code vio-
lationdensity geomarker from local data.We also
sought both to assess the correlation and associ-
ation of that density with rates of asthma-related
emergency department (ED) visits and hospital-
izations at the census-tract level across a popu-
lation sample, and to determine whether that
density would be predictive of a patient’s risk
of revisiting the ED or being rehospitalized fol-
lowing an index hospitalization—the first in a
series—related to asthma.

Study Data And Methods
A retrospective cohort of the 4,355 children
ages 1–16 who visited the ED or were hospital-
ized for asthmaat Cincinnati Children’sHospital
Medical Center in the period January 2009–
December 2012 was used. Subjects were identi-
fied using an asthma-specific encounter diagno-
sis—International Classification ofDiseases, Ninth
Revision, Clinical Modification (ICD-9-CM),

493.XX—within hospital billing data. The pa-
tients’ home addresses were geocoded and
mapped to the corresponding 2010 census
tract.19

The population-level analysis focused on this
cohort’s 8,736 ED visits and hospitalizations
during the study period. The patient-level analy-
sis used a subset of the cohort: the 1,531 children
who were hospitalized.We determined whether
these patients revisited the ED or were rehospi-
talized for asthma within twelve months.
Children were excluded if they lived outside

the area served by the Cincinnati AreaGeograph-
ic InformationSystem(CAGIS), adata repository
that was the source for our primary predictor of
residential housing code violations. This part of
Greater Cincinnati is an urban region of 113 cen-
sus tracts that collectively contained 63,095 chil-
dren ages 1–16 and 171,296 residential housing
units. The urban region is marked by high rates
of poverty and substandardhousing: Themedian
household income for the city of Cincinnati re-
ported by the US census for 2008–12 was
$33,708, andmore thanhalf of the city’s housing
units were built before 1950.19

Cincinnati Children’s HospitalMedical Center
manages nearly 95 percent of all asthma-related
hospitalizations in Hamilton County, which in-
cludes Greater Cincinnati.34

Outcomes And Predictors We calculated the
population-level utilization rate outcome vari-
able bydividing all EDvisits andhospitalizations
within a census tract by the number of children
ages 1–16 who lived within that tract. This was
then converted to a rate, measured per 1,000
children, and averaged over the study period.
Patient-level outcomes were assessed for the

subcohort of children with a hospitalization in
the study period. ED revisits and rehospitaliza-
tions were captured by ICD-9-CM codes for asth-
ma discharge diagnoses within hospital billing
data (493.XX). Patients were identified as either
having had or not having had an asthma-related
ED revisit or rehospitalization within twelve
months of the index hospitalization.
Predictors for both population- and patient-

level analyses included housing-related geo-
graphic data (geomarkers) that were publicly
available. The primary predictor was the locally
derived residential housing code violation den-
sity. It was constructed from data collected by
Greater Cincinnati health, property mainte-
nance, and building departments and tracked
in the Cincinnati Area Geographic Information
System.
Violation data were extracted for the period

2008–12. This period was thought to be relevant
to the 2009–12 patient cohort since it included
the yearbefore the first encounter for anypatient
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included in our analyses.
The 11,371 specific violations were chosen a

priori based on evidence of their relevance to
asthma morbidity. The violations that were cho-
sen, included in the calculation of housing code
violation density, and geocoded were related to
pests (for example, cockroaches and rodents),
mold, and water damage.35,36

We calculated the housing code violation den-
sity for each census tract. The numerator was the
number of residential housing code violations;
the denominator was the number of residential
housing units (homes or apartments). The den-
sity was converted to a rate, measured per 1,000
housing units, and averaged over the study peri-
od. This yielded a continuous variable that was
available across all included census tracts.
For the patient-level analysis, we linked geo-

coded patients to their census tract’s housing
code violation density value. We chose quartile
cutoff points that placed approximately 25 per-
cent of the hospitalized patients in our study in
one of the following four groups for housing
code violation density: low, low medium, high
medium, and high. This was done, in part, to
simulate a use of the data that could be more
easily adapted to clinical settings.
We tested two variables as alternatives to hous-

ing code violation density: the census tracts’ per-
centages of vacant homes and of renter-occupied
homes. In both cases, the denominator was the
number of housing units in the census tract.
Both variables were obtained from the 2008–
12 American Community Survey (ACS) con-
ducted by the Census Bureau.19 For our patient-
level analysis, we also chose quartile cutoff
points to distribute patients equally among the
four risk categories noted above.

Covariates The percentage of people within a
census tract with incomes below the federal pov-
erty level was obtained from the ACS and used as
a covariate inourpopulation-level analyses.19 For
our patient-level analyses, a census tract’s pov-

ertywas categorized inmuch the samewayasour
primary and secondary predictors, distributing
patients among the four risk groups not-
ed above.
Patients’ demographic characteristics, ob-

tained from their electronic health records, were
age, sex, race, and insurance status. Age was
treated as a continuous variable. Race was de-
fined as white, African American, or multiracial
or other. Insurance was defined as private or
public.
Analysis Geographic information systems

software was used to map housing code viola-
tions and patterns of use of the ED and hospital.
Wemapped all visits and hospitalizations as well
as ED revisits and rehospitalizations. Mapping
made it possible to visualize both the region and
one illustrative neighborhood—Avondale—with
a high concentration of both code violations and
asthma-related morbidity.
Population-level census-tract correlations be-

tween each housing geomarker (housing code
violation density and vacancy and renter rates)
and utilization rates were assessed using Spear-
man correlation coefficients.We used robust re-
gression models to assess associations between
predictors and utilization rates after we adjusted
for census-tract poverty.
Patient-level associations between each geo-

marker and a patient’s risk of revisiting the ED
orbeing rehospitalized for asthmawere assessed
using the Mantel-Haenszel test for trend and
generalized estimating equations regression to
account for clustering at the census-tract level.
Relationships between a patient’s demographic
characteristics andhis or her risk of anEDrevisit
or rehospitalization for asthma were assessed
using chi-square tests and logistic regression.
We then used multivariable generalized esti-

mating equations regression to enumerate the
relationship between each housing geomarker
and patients’ risk of ED revisits or rehospitaliza-
tions. A full description of this multivariable
analysis is provided in online Appendix 1.37

Geocoding and mapping were conducted us-
ing ArcGIS software, version 10.1. Statistical an-
alyses were performed using SAS software, ver-
sion 9.3. This study was approved by the
Institutional Review Board of Cincinnati Chil-
dren’s Hospital Medical Center.
Limitations There were limitations to this

study. First, the housing code violation density
variable was constructed using local administra-
tive data. Cincinnati Area Geographic Informa-
tion System serves as a data repository, and the
quality and completeness of data cannot be val-
idated.
Second, in the region we studied, as in many

others, housing inspectors respond to housing

Patients at high risk
are often concentrated
within neighborhoods
that expose residents
to potentially harmful
risks.
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complaints and only then identify potential code
violations. Inspectors do not proactively assess
housing conditions. Thus, the true breadth of
violations is unknown.
Third, the local nature of the housing code

violation density is a strength in many ways,
but it clearly affects the generalizability of the
measure. Nonetheless, we believe that many US
jurisdictions collect similar data.
Fourth, our results may be subject to the “eco-

logic fallacy” of drawing conclusions about indi-
vidual people in a given census tract based only
on analyses of data about the entire population
of that tract. However, we believe that the homo-
geneity of the census tracts’ populations sup-
ports such an assumption.
Finally, our sample was drawn from a single

health system, and thuswe could not account for
children who sought care elsewhere. However,
Ohio Hospital Association data suggest that the
vast majority of children within Hamilton Coun-
ty use theCincinnati Children’sHospitalMedical
Center for hospital care.We believe that the per-
centage is even higher for the residents of the
Greater Cincinnati area included in this study.34

Study Results
Study Population Between January 1, 2009,
and December 31, 2012, 4,355 children collec-
tively had 8,736 asthma-related ED visits and
hospitalizations at Cincinnati Children’s Hospi-
tal Medical Center. We used all 8,736 events to
calculate population-level asthma-related rates
of utilizationof the center’s services. Themedian
utilization rate across the 113 census tracts inour
study was 33.0 ED visits or hospitalizations per
1,000 children (range: 0.0–168.3; Exhibit 1).
Across these same tracts, the median housing
code violation density was 11.0 violations per
1,000 residential units (range: 0.0–120.0).
A subcohort of 1,531 patients were hospital-

ized for asthma in the study period. Within
twelve months after their index hospitalization,
37 percent of these patients revisited the ED or
were rehospitalized. Of the patients in this sub-
cohort, 61.7 percent were male, 78.8 percent
were African American, and 72 percent had pub-
lic insurance (Exhibit 1). Their median age was
5.2 years. By design, the patients were evenly
distributed across the four housing code viola-
tion density, vacancy, renter, and poverty strata.
Nearly 75 percent of the patients resided in

census-defined “poverty areas”—that is, census
tracts in which 20 percent or more of the resi-
dents had incomes below poverty (data not
shown).38

Population-Level Assessments The 11,371
asthma-relevant housing code violations in the

period 2008–12 appeared to cluster in cen-
sus tracts with higher rates of asthma-related
ED visits and hospitalizations (Exhibit 2).
Avondale, a Cincinnati neighborhood that has
been shown to be marked by high rates of both
poverty and asthma-related morbidity,2 also
demonstrated considerable overlap between
the location of housing code violations and pa-
tient-level ED revisits or rehospitalizations
(Exhibit 3).
All four of the census tracts in Avondale had

utilization rates in thehighest riskquartile of the
sample (range: 50.4–75.6 per 1,000 children;
data not shown). All four also had housing code
violation density values in the highest risk quar-
tile (range: >23.8–36.3 violations per 1,000
housing units).
At the population level, housing code violation

density was significantly correlated with census-
tract vacancy rates (r ¼ 0:73; p < 0:0001) and, to
a lesser extent, with renter rates (r ¼ 0:55;
p < 0:0001). Each census-tract housing geo-
marker was also significantly correlated with
rates of both census-tract poverty and asthma-
related use of hospital services. The correlation
coefficient between housing code violation den-
sity and poverty was 0.78, and the coefficient
between the density and utilization was 0.59
(p < 0:0001 for both).
Using robust regressionmodels,we found that

housing code violation density explained 22 per-
cent of the total variance in population-level uti-
lization. The density remained significantly and
independently associated with utilization after
we adjusted for census-tract poverty (p ¼ 0:01).
Vacancy and renter rates were similarly associat-
ed with utilization at the population level after
census-tract poverty was adjusted for (p ¼ 0:04
for both).
Patient-Level Assessments In the sub-

cohort of 1,531 children, there were no signifi-
cant associations between age, sex, or type of
insurance and risk of an asthma-related ED re-
visit or rehospitalization within twelve months
of the index hospitalization (Exhibit 4). How-
ever, African Americans were significantly more
likely than whites to revisit the ED or be reho-

Housing is
increasingly thought
of as a platform for
health promotion.
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spitalized (38.9 percent versus 27.5 percent).
Our primary predictor for hospital utiliza-

tion—the census tract’s housing code violation
density—was associatedwithpatient-level risk of
an ED revisit or a rehospitalization in a graded
fashion (Exhibit 4). That is, within twelve
monthsof the indexhospitalization,31.9percent
of those in the low risk group had a subsequent
visit or hospitalization, as did 35.5 percent in the
low medium, 37.4 percent in the high medium,
and 41.7 percent in the high risk group
(p ¼ 0:005 for the graded relationship). Those
in the highest risk group had significantly in-
creased odds of return compared to those at low-
est risk (odds ratio:1.52).
At the patient level, risk of a subsequent ED

visit or hospitalization was also significantly in-
creased for those in the highest risk group by
census-tract vacancy rate, compared to those in
the lowest risk group (OR: 1.27) (Exhibit 4). Nei-
ther renter rate (p ¼ 0:4) nor poverty rate
(p ¼ 0:14) had a significant effect, however.
Appendix 1 provides a detailed illustration of

our multivariable approach to patient-level out-
come assessment within the subcohort.37 After
we adjusted for both census-tract poverty and
patient demographic characteristics, we found
that, relative to those at the lowest housing code
violation density risk, those at highmedium risk
had 1.54 greater odds (95% confidence interval:
1.15, 2.06) of anEDrevisit or a rehospitalization,
and those at the highest risk had 1.84 greater
odds (95%CI: 1.36, 2.48). Vacancy rate was also
independently associated with a patient’s risk of
an ED revisit or a rehospitalization, but renter
rate was not.

Discussion
Density of housing code violations was signifi-
cantly associated with population-level rates of
children’s asthma-related ED visits and hospital-
izations, independent of poverty. Moreover, it
was significantly and independently associated
with patient-level risk of an asthma-related ED
revisit or hospitalization after an index hospital-
ization for asthma.
Given the pervasive nature of childhood asth-

ma morbidity, especially in impoverished urban
settings, being able to rapidly identify those at
high risk for future morbidity would be a power-
ful addition to care delivery. The use of contex-
tual geographical data could augment care proc-
esses and target scarce resources to those most
likely to benefit from intervention.
There has been growing interest in the use of

biomarkers to guide, improve, and personalize
clinical care. Biomarkers have been defined as
“any substance, structure or process that can be

measured in the body or its products and influ-
ence or predict the incidence of outcome or
disease.”39 We tested a novel concept, the
geomarker, contextual or geographic data that
could provide insight into a patient’s social or
environmental risks in such a way that could
influence or predict the incidence of outcome
or disease.
Given the importance of context and geogra-

phy on acute manifestations of asthma, contex-
tual and geographical data used for geomarkers

Exhibit 1

Characteristics Of 113 Greater Cincinnati Census Tracts And 1,531 Children From Those
Tracts Hospitalized In The Period 2009–12

Characteristic
Number or
median

Percent
or IQR

Population of census tract (median)

Utilization rate (events per 1,000 children) 33.0 21.3–47.5
Housing code violation density (per 1,000 units)a 11.0 6.0–20.7
Vacancy rate (%)b 18.8 13.5–27.2
Renter rate (%)b 59.9 45.3–76.8
Poverty rate (%)b 27.6 15.6–43.4

Patients

Median age (years) 5.2 2.8–9.9
Male 942 61.7

Race
White 247 16.2
African American 1,204 78.8
Multiracial or other 77 5.0

Insurance
Private 413 27.6
Public 1,081 72.4

Census tractc

Housing code violation density (per 1,000 units)a

Low (<8.8) 389 25.5
Low medium (8.8–15.0) 425 27.8
High medium (15.1–23.8) 342 22.4
High (>23.8) 372 24.3

Percent of vacant homesb

Low (<14.6) 412 27.0
Low medium (14.6–20.1) 382 25.0
High medium (20.2–29.3) 356 23.3
High (>29.3) 378 24.7

Percent of renter-occupied homesb

Low (<50.6) 392 25.7
Low medium (50.6–65.4) 383 25.1
High medium (65.5–79.4) 373 24.4
High (>79.4) 380 24.9

Percent of people living in povertyb

Low (<19.7) 402 26.3
Low medium (19.7–34.8) 370 24.2
High medium (34.9–49.7) 403 26.4
High (>49.7) 353 23.1

SOURCE Authors’ analysis of 2008–12 data from the Cincinnati Area Geographic Information System
and the American Community Survey. NOTES An event is an asthma-related visit to the emergency
department or a hospitalization at Cincinnati Children’s Hospital Medical Center. Poverty rate is the
percentage of people in a census tract whose income is below the federal poverty level. IQR is
interquartile range. aData from the Cincinnati Area Geographic Information System. bData from
the American Community Survey. cQuartile cutoff points were determined to place approximately
25 percent of the patients in each sample.
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have the potential to complementmodels of per-
sonalized medicine, which have generally fo-
cused on genes and biomarkers.40 Recent bio-
marker-based studies have demonstrated that
children with a vitamin D deficiency had signifi-
cantly higher odds (OR: 1.5; 95% CI: 1.1, 1.9) of
having an ED visit or hospitalization within four
years of baseline biomarker measurement.41 Our
geomarker for housing code violation density
demonstrated a similar association with child
asthma morbidity.
Biomarkersmay predict future asthma-related

ED visits andhospitalizations.42,43 However, geo-
markers may be able to guide care and discharge
planning to a greater degree. They could quickly
be brought into the electronic health record
without the need to collect a biological speci-
men, directing care from the moment a patient
registers his or her address with a provider.
Given the interrelated nature of substandard

housing and asthma morbidity, we focused on
geomarkers related to housing. The impact on
asthma morbidity of residential exposures to
pests, mold, and other objects associated with
deteriorated housing is well established.44

We were guided in the construction of our
locally derived predictor variable of housing
code violation density by previous work. Lindsay
Rosenfeld and coauthors calculated serious
housing code violations per 1,000 rental units
in New York City. Within a population of 261
Puerto Rican children, their measure was signif-
icantly associated with sensitization to asthma-

related indoor allergens such as cockroaches.22,23

Our analogous measure was attached to
smaller geographical regions (census tracts with
populations of approximately 4,000, compared
to New York community planning districts with
populations of more than 100,000). Additional-
ly, instead of allergen sensitization, we tracked
utilization outcomes for clinically high-risk chil-
dren—those who had already been hospitalized.
However, we found similarly significant and in-
dependent relationships.
The use of public nonmedical data in a clinical

context has great potential for facilitating tai-
lored clinical care that improves the care experi-
ence and health outcomes while reducing cost.18

Indeed, such data could highlightwho is likely to
benefit fromadditional risk-targetedhospital- or
community-based resources. It could also pro-
mote collaboration between those providers
based in the clinical setting and those based in
the community.
Our findings are especially noteworthy given

the relative homogeneity of the population stud-
ied. Our previous work28 found strong associa-
tions between socioeconomic measures at the
census-tract level (extreme poverty, home value,
and adult educational attainment) and patient-
level asthma-related reutilization of hospital ser-
vices. However, that work analyzed an eight-
county region that contained urban, suburban,
and rural areas. In the study reported here, our
samplewas clustered almost entirely in an urban
setting, with approximately 75 percent of the

Exhibit 2

Greater Cincinnati Census Tracts With Rates Of Asthma-Related Emergency Department Visits Or Hospitalizations,
2009–12, And 11,371 Asthma-Related Housing Code Violations, 2008–12

SOURCE Authors’ analysis of data from the Cincinnati Children’s Hospital Medical Center and the Cincinnati Area Geographic Infor-
mation System. NOTES Low is fewer than 8.8 violations per 1,000 units. Low medium is 8.8–15.0 violations. High medium is 15.1–23.8
violations. High is more than 23.8 violations.
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patients living in census-defined poverty areas.
Despite this socioeconomic homogeneity,

housing code violation density had strong, inde-
pendent associations with population-level rates
of use of hospital services. Use of the density
measure also illustrated strong gradients in pa-
tient-level risk of return to the ED or hospital.
National data (for example, census-tract vacancy
rates)19 were associated with our outcomes of
interest and are potentially generalizable to oth-
er communities. However, local data on housing
code violations performed better.
Locally collected and publicly available data

could facilitate action to address the social deter-
minants of health, especially for conditions such
as asthma that are highly sensitive to contextual
and geographical factors.18,45,46 In an era when
home visits are rare, geomarker data could high-
light the impact of the neighborhood context on
health, identifying where efforts to reduce dis-
parities could be targeted within both clinical
and community settings.4,47,48 Such a reorienta-
tion toward risk mitigation is especially relevant
as health systems shift their focus to preventive
and accountable care.49,50

The physical environment, including substan-

Exhibit 3

Cincinnati’s Avondale Neighborhood With Asthma-Related Housing Code Violations, 2008–12, And Asthma-Related
Emergency Department (ED) Revisits And Rehospitalizations Within Twelve Months Of the First (Index) Hospitalization
For Children Hospitalized, 2009–12

SOURCE Authors’ analysis of data from the Cincinnati Children’s Hospital Medical Center and the Cincinnati Area Geographic Infor-
mation System. NOTES All of the Avondale neighborhood (the area within the thick black line) has a high level of violations—that is,
more than 23.8 violations per 1,000 units. Volume levels are defined in the notes to Exhibit 2.
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dard housing stock, is one area in which asthma-
targeted preventive care could originate.13,51,52 At
Cincinnati Children’s Hospital Medical Center,
we have partnered with Cincinnati Health De-
partmenthousing inspectors,who canorder risk
abatement if violations are noted.11 We have also
worked through a medical-legal partnership14 to

identify and address housing issues for both in-
dividual patients and entire building com-
plexes.53

Other interventions that aim to reduce adverse
environmental exposures have employed com-
munity health workers or involved partnerships
with community housing agencies.54–56 Such pro-
grams would likely benefit from more efficient
risk identification processes that used geo-
markers to highlight both populations and pa-
tients at high risk.
The intersection of housing conditions and

health disparities further supports a place-based
and data-driven approach to policy, public
health, and clinical care delivery.33,57 Housing
is increasingly thoughtof as aplatformforhealth
promotion—a concept that was endorsed by the
recent release of a new National Healthy Hous-
ing Standard.58 Similarly, the Department of
Housing and Urban Development has adopted
a “health in all policies” approach,which empha-
sizes the intersection between the physical envi-
ronment and health.59

The use of housing-related geomarkers repre-
sents ahighly complementary “health in all data”
approach. Indeed, data collected and tracked by
community agencies can serve a health-promot-
ingpurpose for policymakers, community devel-
opers, public health practitioners, and clini-
cians. This underscores the potential power of
collaboration across agencies and disciplines to
target risk-focused interventions.54,60

We plan to test additional geomarkers of the
physical and the health service environments
(for example, distance to a pharmacy and access
to primary care). We will also test geomarkers
against patient-level factors to more effectively
validate our findings. Additionally, we believe
that further delineation of geomarkers will
translate into the implementation and evalua-
tion of both population- and patient-level inter-
ventions aimed at reducing asthma morbidity.

Conclusion
Marketers and political campaigns can target
mailings and advertising campaigns because
theyknowwhere their clienteleor audience lives.
In medicine, existing public data could be used
similarly to understand a population’s or pa-
tient’s risks. Geomarker-based data could high-
light at-risk areas and patients for targeted in-
terventions, facilitating a cost-effective and
efficient approach to improving health and
health caredelivery at thepopulationandpatient
levels. ▪

Exhibit 4

Bivariate Associations Between Patient- And Census-Tract-Level Characteristics And
Patient-Level Risk Of An Asthma-Related Emergency Department (ED) Revisit Or
Rehospitalization Within Twelve Months Of The First (Index) Hospitalization

Characteristic
Rate of ED revisit or
rehospitalization (%) Odds ratioa 95% CIa

Patient level

All 36.5 —
b

—
b

Age (years)
1–3.9 37.1 Ref Ref
4–9.9 37.7 1.19 (0.93, 1.51)
10–16 39.1 0.98 (0.75, 1.29)

Sex
Female 36.0 Ref Ref
Male 36.8 1.04 (0.84, 1.28)

Race
White 27.5 Ref Ref
African American 38.9 1.66 (1.22, 2.25)
Multiracial or other 28.6 1.08 (0.60, 1.92)

Insurance
Private 38.7 Ref Ref
Public 35.7 0.88 (0.70, 1.11)

Census-tract level

Housing code violation density
(per 1,000 units)c

Low 31.9 Ref Ref
Low medium 35.5 1.10 (0.96, 1.27)
High medium 37.4 1.28 (1.02, 1.60)
High 41.7 1.52 (1.21, 1.91)

Vacancy rate (%)d

Low 32.0 Ref Ref
Low medium 35.9 1.08 (0.88, 1.32)
High medium 39.6 1.27 (1.10, 1.46)
High 39.2 1.27 (1.05, 1.55)

Renter rate (%)d

Low 33.4 Ref Ref
Low medium 35.0 1.08 (0.84, 1.38)
High medium 39.4 1.29 (0.98, 1.69)
High 38.4 1.12 (0.91, 1.39)

Poverty rate (%)d

Low 34.6 Ref Ref
Low medium 35.4 1.00 (0.74, 1.35)
High medium 36.7 1.09 (0.81, 1.47)
High 39.7 1.20 (0.90, 1.61)

SOURCE Authors’ analysis of 2008–12 data from the Cincinnati Area Geographic Information System
and the American Community Survey. NOTE CI is confidence interval. aUnadjusted logistic or
generalized estimating equations regression. bNot applicable; odds ratios cannot be calculated
for the entire sample. cData from the Cincinnati Area Geographic Information System. Quartile
cutoff points were determined to place approximately 25 percent of the patients in each
sample. dData from the American Community Survey. Quartile cutoff points were determined to
place approximately 25 percent of the patients in each sample.
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