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Summary

What is already known on this topic?

Among children, exposure to acute and chronic stress is associated with
worse asthma outcomes.

What is added by this report?

Our study shows that higher neighborhood risk is associated with higher
odds of hospital reutilization, even after accounting for child-level factors.

What are the implications for public health practice?

Interventions and policies designed to address pediatric asthma should
move beyond clinic settings and account for neighborhood context, with a
careful evaluation of social context and environmental triggers to address
the real-world challenges of managing asthma in high-risk environments.

Abstract

Introduction
Studies consistently show that children living in poor neighbor-
hoods have worse asthma outcomes. The objective of our study
was  to  assess  the  association  between negative  neighborhood
factors (ie, neighborhood risk) and pediatric asthma hospital use.

Methods
This retrospective study used data from children aged 2 to 17
years in a statewide (Rhode Island) hospital network administrat-
ive database linked to US Census Bureau data.  We defined an
asthma visit as an International Classification of Diseases, 9th Re-

vision, Clinical Modification (ICD-9-CM) code of 493 in any dia-
gnosis  field.  We  used  8  highly  correlated  measures  for  each
census-block group to construct an index of neighborhood risk.
We used maps and linear regression to assess the association of
neighborhood risk with average annual census-block–group rates
of asthma emergency department visits and hospitalizations. We
used multivariable analyses to identify child characteristics and
neighborhood risk associated with an asthma revisit, accounting
for the child’s sociodemographic information, season, and mul-
tiple measurements per child.

Results
From 2005 through 2014, we counted 359,195 visits for 146,889
children. Of these, 12,699 children (8.6%) had one or more asthma
visits. Linear regression results showed 1.18 (95% confidence in-
terval, 1.06–1.30) more average annual emergency departments
visits  per  100  children  and  0.41  (95%  confidence  interval,
0.34–0.47) more average annual hospitalizations per 100 children
in neighborhoods in the highest-risk index quintile than in neigh-
borhoods in the lowest-risk index quintile.

Conclusion
Interventions to improve asthma outcomes among children should
move beyond primary care or clinic settings and involve a careful
evaluation of social context and environmental triggers.

Introduction
Asthma is a chronic illness of the airways and is one of the most
common chronic conditions of childhood (1). In 2012, asthma af-
fected 9% (6.8 million) of children aged 0 to 17 years living in the
United States (2). Although potentially preventable hospitaliza-
tions  among children for  all  diagnoses  declined from 2000 to
2007, pediatric hospital stays for asthma may have increased from
2007 to 2009 during the recession (3). In 2013, there were 571,000
emergency department  (ED) visits  for  asthma among children
aged 0 to 14 years (4).
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Among children, exposure to acute and chronic stress has been as-
sociated with increased odds of an asthma diagnosis (5) and in-
creased asthma exacerbations (6). Most studies of neighborhood
context demonstrated that negative neighborhood factors — such
as poverty,  low high school  graduation rates,  and low median
housing prices — are associated with higher pediatric asthma pre-
valence (7) and risk of adverse outcomes such as hospital use and
reutilization (8–16); one study found no association (17). Prior re-
search had several limitations. For example, most studies used
census  tracts  to  measure  neighborhoods  (8–15),  a  few  used
census-block groups (7,16,17), and only some accounted for clus-
tering  of  hospital  use  by  children  (7,10–12,14,15,17).  Block
groups are the smallest unit of geography for which the US Census
Bureau publishes sample data; they are less heterogeneous than
census tracts (18). Without accounting for clustering of hospital
use, a study may erroneously identify an association that is due to
clustering as one that is due to neighborhood factors.

An ED visit by a child for an asthma exacerbation is a major dis-
ruption for the child and family and costly for society (1). Racial/
ethnic minority children and poor children are more likely to visit
the ED than their non-Hispanic white and nonpoor counterparts
(1), and evidence indicates that individual and contextual risks are
cumulative (19). Most children who visit an ED do not return to
the hospital for emergency care in the subsequent year. For those
who do, repeated hospital use may indicate poor asthma manage-
ment,  severe  asthma requiring close  monitoring,  or  both  (20).
Identifying predictors of repeated hospital use for children with
asthma has numerous clinical implications. Such predictors may
help to 1) characterize social  determinants of recurrent  urgent
health care use for asthma and 2) identify children in need of en-
hanced discharge services to prevent recurrent health care use and
costly hospitalization. Decreasing asthma health disparities will re-
quire action on multiple levels, including social and environment-
al interventions (21). It is important to increase understanding of
the role of neighborhood risk in asthma hospital use and revisits.

The objective of our study was to assess the association between
negative neighborhood factors (ie, neighborhood risk) and pediat-
ric asthma hospital use, specifically, ED revisits and rehospitaliza-
tions within the subsequent year. We conducted a statewide ana-
lysis in Rhode Island, where the rate of uninsured children (2% in
2017) has been among the lowest in the country (22); this low rate
minimizes the effect of financial resources on health care cover-
age.  We  formulated  the  following  hypotheses:  1)  census-
block–group asthma ED visit  and hospitalization rates will  be
higher in neighborhoods with more risk indicators, 2) children
who have an index ED visit and hospitalization and who live in a
high-risk neighborhood will be more likely to have a revisit with-
in the subsequent year, and 3) these differences will persist when
accounting for child-level factors.

Methods
This retrospective study used data from a statewide hospital net-
work administrative database in Rhode Island,  the 2010–2014
American Community Survey (23), and the 2010 US Census (24).
This hospital network provides approximately two-thirds of pedi-
atric ED services and 90% of inpatient services for children living
in the state (unpublished data from the 2014 Rhode Island State
Emergency Department Database and 2014 Rhode Island State In-
patient Database) and includes the state’s only children’s hospital.
Children aged 2 to 17 years, living in Rhode Island, with at least 1
asthma visit within this hospital network from January 1, 2005,
through December 31, 2014, were identified by using the hospital
network’s information systems. An asthma ED visit or hospitaliza-
tion was one in which International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM), code 493 was in any
diagnosis field. The child’s home address at the time of each visit
was geocoded by using ArcGIS (Esri) to identify the census-block
group in which the child lived (18). This study was approved by
the institutional review board of the hospital network.

Measures

Child-level variables. Information on the child’s age in years, sex
(male, female), race/ethnicity (Hispanic, non-Hispanic black, non-
Hispanic  white,  non-Hispanic  other),  and  insurance  coverage
(private, public, self-pay/none) was recorded for each visit. We as-
signed  season  of  visit  according  to  the  visit  date  (spring,
March–May; summer, June–August; autumn, September–Novem-
ber; winter, December–February).

Census-block-group–level variables. For each census-block group,
we constructed a neighborhood risk index by using 8 highly cor-
related  census-block–group  measures  obtained  from  the
2010–2014  American  Community  Survey  and  the  2010  US
Census: percentage of adults with no high school education, per-
centage of  single-parent  households,  percentage of  household
crowding (>1 person per room), percentage of renter-occupied
housing units, percentage of vacant homes (excluding vacation
homes), percentage of families below 100% of the federal poverty
level, percentage of nonwhite residents, and percentage of hous-
ing units built before 1950. We computed quintiles for each of the
8 measures and summed these, resulting in an index with a range
of 8 to 40, with higher scores indicating greater neighborhood risk.
We then computed quintiles for this index. We also dichotomized
this index into high risk (at or above the 75th percentile, values of
30–40) and low risk (below the 75th percentile, values of 8–29).
This dichotomization resulted in 25% (206 of 809) of  census-
block groups classified as high risk. These census-block groups
accounted for 29% (N = 59,150) of the 2010 Census population
count of children age 2 to 17 years in Rhode Island. We also cal-
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culated average annual rates of ED visits and hospitalizations by
dividing the average number of visits per year by the 2010 Census
estimate of children aged 2 to 17 years living in each census-block
group.

Index visit and revisits. We focused our analysis on high rates of
hospital use, specifically, revisits for asthma after an initial ED
visit. We retained data on all characteristics for the initial asthma
ED visit or hospitalization (index visit) during the study period.
For this analysis, to allow a full 365 days for a second visit to oc-
cur for all index visits, we included only index visits occurring be-
fore 2014. Visits occurring in 2014 were included only if they
were a revisit to an index visit in 2013. If information on a charac-
teristic was missing for the index visit, we used information from
the next visit with valid information. We then examined all visits
occurring between 8 and 365 days after the index visit. Revisits
that occurred within a few days were considered a part of the same
course of illness (20). If we found one or more asthma visits with-
in 365 days, then we coded the child as having an asthma revisit.
All  others  were  coded as  either  having no  revisit  or  having a
nonasthma revisit. If we found multiple asthma revisits during the
period, we used the first asthma revisit in the analyses. After cod-
ing the index visit, we then processed all additional asthma visits
in the same manner (ie, the first asthma revisit became the second
asthma index visit for the child and a new period of 8–365 days
was assessed).

Statistical analysis

Census-block–group level. We first created choropleth maps to
show the geographic distribution of the neighborhood risk index,
the average annual rate of asthma ED visits, and the average annu-
al rate of asthma hospitalization, by census-block group. We then
used linear regression to assess the association of neighborhood
risk with the average annual census-block–group rate of asthma
ED visits and hospitalizations.

Visit  level.  We conducted analyses  by using SAS version 9.4
(SAS Institute, Inc). We computed bivariate analyses to identify
child characteristics associated with neighborhood risk at the in-
dex visit and with the occurrence of an asthma revisit. Because
children can have multiple visits, we used generalized estimating
equations with a repeated statement to account for the multiple
measurements per child. We used an autoregressive order 1 correl-
ation matrix to obtain dependence-corrected standard errors. The
model included the child’s sex, age, race/ethnicity, and insurance
coverage at the time of the index visit, the season in which the in-
dex visit occurred, and the dichotomized neighborhood risk index
at the time of the index visit.

 

Sensitivity analyses.  To account for children moving from one
neighborhood to another between visits and potentially changing
neighborhood risk level, we used a cross-classification model in
the next analysis (25), grouping on the neighborhood risk at the in-
dex visit (random effect), and we included the neighborhood risk
at the follow-up visit (fixed effect). Because this model required 2
visits to assess potential moves, this analytic sample included only
children with at least 2 visits. We also assessed whether results
were sensitive to a stricter definition of asthma, because there is no
gold-standard definition of asthma using ED or inpatient data (26).
In the main analyses we defined an asthma ED visit or hospitaliza-
tion as ICD-9-CM code 493 in any diagnosis field, and in sensitiv-
ity analyses we counted only ED visits or hospitalizations with
ICD-9-CM code 493 in the primary (first) diagnosis field as an
asthma visit.

Because hospital network coverage for ED visits is lower than
coverage for hospitalizations, we also conducted analyses that ex-
cluded neighborhoods that were farthest from a network hospital.
The results of these analyses were the same as those of the whole
state; we therefore tabulated statewide results only.

Results
From 2005  through  2014,  we  counted  319,320  ED visits  and
39,875 hospitalizations for 146,889 children aged 2 to 17 years in
Rhode Island. Of these children, 12,699 (8.6%) had one or more
asthma ED visits or hospitalizations (number of visits = 23,187).
About  53% of  visits  were  among  children  living  in  high-risk
census-block groups.

Census-block–group level. The average annual count and rate per
100 children of pediatric asthma hospital use varied across census-
block groups. For ED visits, the average annual count ranged from
0 to 161 (mean 18.3, median 11.0); the average annual rate per
100 children ranged from 0.0 to 5.5 (mean, 0.7; median, 0.5). For
hospitalizations, the average annual count ranged from 0 to 134
(mean, 10.3; median, 8.0); the average annual rate per 100 chil-
dren ranged from 0.0 to 4.0 (mean, 0.4; median, 0.3). Linear re-
gression  results  showed  1.18  (95%  confidence  interval  [CI],
1.06–1.30) more average annual emergency departments visits per
100 children and 0.41 (95% CI, 0.34–0.47) more average annual
hospitalizations per 100 children in neighborhoods in the highest-
risk index quintile than in neighborhoods in the lowest-risk index
quintile. The highest-risk neighborhoods were concentrated in urb-
an areas of Rhode Island, and distribution of neighborhoods with
higher rates of ED use and hospitalizations was consistent with the
distribution of higher-risk neighborhoods (Figure 1).
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Figure  1.  Distribution  of  quintiles  of  3  measures  used  to  assess  the
association between neighborhood risk and pediatric asthma hospital use
among  children  aged  2  to  17  years  (number  of  asthma  emergency
department  [ED]  visits  or  hospitalizations  =  23,187),  Rhode  Island.  A,
Neighborhood risk index; the higher the index, the higher the prevalence of
adverse socioeconomic and health-related factors, 2010–2014. B, Average
annual emergency department visit rate per 100 children, 2005–2014. C,
Average annual hospitalization rate per 100 children, 2005–2014. Data on
neighborhood risk were collected from the 2010–2014 American Community
Survey and the 2010 US Census. Data on emergency department visits and
hospitalization  were  collected  from  a  statewide  hospital  network
administrative database, 2005–2014.

 

Although the average annual rate per 100 children of both pediat-
ric asthma ED visits and hospitalization increased as neighbor-
hood risk quintile increased, the increase was greater for ED visits
than for hospitalizations. In the lowest-risk neighborhoods, the ED
visit rate (0.27 per 100 children) and the hospitalization rate (0.26
per  100  children)  were  similar  (Figure  2).  In  the  highest-risk
neighborhoods, the ED visit rate was 1.45 per 100 children and the
hospitalization rate was 0.66 per 100 children.

Figure 2. Pediatric asthma emergency department and hospitalization rates
per 100 children by quintile of neighborhood risk among children aged 2 to 17
years, Rhode Island, 2005–2014. Data on neighborhood risk were collected
from the 2010–2014 American Community Survey and the 2010 US Census.
Data on emergency department visits and hospitalization were collected from
a statewide hospital network administrative database. n’s along the x-axis
indicate the number of census block groups. Error bars indicate standard
error.

 

Visit-level analyses clustered on child

We counted 11,547 children with an index visit occurring during
the period from January 1,  2005, through December 31,  2013.
After excluding visits that occurred within 7 days of the index vis-
it (n = 860), we counted 19,700 index visits. Of these visits, 28.9%
(n = 5,703) had an asthma revisit between 8 and 365 days after the
index visit. Compared to children with no asthma revisit, children
with an asthma revisit were younger, more likely to have public
insurance, be Hispanic or non-Hispanic black, and live in a high-
risk neighborhood (Table 1). Hispanic children (adjusted odds ra-
tio [OR] = 1.24; 95% CI, 1.03–1.50) and non-Hispanic black chil-
dren (adjusted OR = 1.26; 95% CI, 1.02–1.56) had significantly
higher odds than non-Hispanic white children of a revisit (Table
2), and children living in high-risk neighborhoods (adjusted OR =
1.22; 95% CI, 1.00–1.48) had significantly higher odds than chil-
dren living in a low-risk neighborhood. We found no significant
differences by age, sex, insurance coverage, or season.

The cross-classification model, which accounted for children mov-
ing from one neighborhood to another, showed that children liv-
ing in high-risk neighborhoods did not have significantly higher
odds of a revisit than children living in low-risk neighborhoods
(adjusted OR = 1.14; 95% CI, 0.98–1.33) (Table 3). We found sig-
nificantly  lower  odds  of  a  revisit  among  older  children  than
younger children (adjusted OR = 0.92; 95% CI, 0.91–0.93) and in-
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dex visits that occurred in the summer than in the autumn (adjus-
ted OR = 0.77; 95% CI, 0.69–0.86). We found significantly high-
er odds of a revisit among girls than among boys (adjusted OR =
1.15; 95% CI, 1.06–1.25), among children with public insurance
than among children with private insurance (adjusted OR = 1.10;
95% CI, 1.00–1.21), and among children who were not non-His-
panic white than among children who were (Hispanic, adjusted
OR = 1.13, 95% CI, 1.02–1.27; non-Hispanic black, adjusted OR
= 1.43; 95% CI, 1.26–1.62; non-Hispanic other, adjusted OR =
1.30; 95% CI, 1.07–1.58). In the sensitivity analysis in which we
counted only ED visits or hospitalizations with ICD-9-CM code
493 in the primary (first) diagnosis field as an asthma visit, the ad-
justed odds for neighborhood risk were similar to the odds pro-
duced in the main analysis. We found no significant results in the
model accounting for clustering for children in high-risk neighbor-
hoods, compared with children in low-risk neighborhoods (adjus-
ted OR = 1.27; 95% CI, 0.95–1.70), or the model accounting for
children moving (adjusted OR = 1.02; 95% CI, 0.83–1.26) for
children in high-risk neighborhoods, compared with children in
low risk neighborhoods.

Discussion
Our study demonstrated that increased neighborhood risks contrib-
ute to pediatric ED use and hospitalizations for asthma, confirm-
ing what has been documented in previous studies (8–16). Our res-
ults add to the growing body of evidence that diverse neighbor-
hood factors (eg, crime rates [8], housing code violation density
[9], pharmacy access [11], access to primary and specialty care
[13], composites of variables specified by the US Census Bureau
and the American Community Survey [10,12,14–16]) in various
US cities, counties, and states affect pediatric outcomes such as
ED visits and hospitalizations. Regardless of the components used
to measure neighborhood risk or the level of geography, studies
consistently show that children living in worse neighborhoods
have higher risks of ED visits and hospitalizations.

In  our  study,  higher  levels  of  neighborhood  risk  were  more
strongly associated with pediatric asthma ED visits than with hos-
pitalization rates. The risk for ED visits and hospitalizations was
essentially the same in the lowest-risk neighborhoods, but the dif-
ference between the 2 types of visits was wide in the highest-risk
neighborhoods. This pattern is notable because ED visits are ex-
pected to be highly correlated with hospitalizations (the former
frequently leading to the latter). This discrepant pattern suggests
that other factors may be driving recurrent ED visits in our group
of patients, such as limited skills for acute disease management
and reliance on the ED for ongoing asthma care. The discrepant
pattern could also suggest that proximity to the ED is a factor in
rates of ED use. In our study, children living in high-risk neigh-
borhoods had an average distance to a network hospital of 3.5

miles, whereas children living in low-risk neighborhoods had an
average distance of 8.6 miles.

Another finding was that higher neighborhood risk was associated
with higher odds of a revisit. This association persisted even after
accounting for child-level factors. One possible explanation is that
children from high-risk neighborhoods may be more likely to re-
turn to chaotic and stressful home situations and/or poor housing,
where amelioration of asthma triggers is challenging. For instance,
it may be more difficult to avoid environmental tobacco smoke
(27) or to actively manage asthma triggers such as dust mites and
pest problems in publicly financed housing than in a private home
(28).

To assess the association between neighborhood risk and the odds
of revisit when a child moved from one neighborhood to another
between visits (and possibly changing neighborhood risk level),
we conducted sensitivity analyses in which we limited the analyt-
ic sample to visits among children who had at least one revisit
(asthma-related or other). When the analytic sample was limited in
this way, the adjusted regression results were similar. Although
few children changed neighborhood risk level from index visit to
revisit (4% moved from a high-risk neighborhood to a low-risk
neighborhood, 3% moved from low-risk to high-risk), when cross-
classification was accounted for in regression modeling, the neigh-
borhood risk level of the index visit was no longer significant.
Reasons for this could be that the decreased sample size resulted
in less power or that residential mobility itself is contributing to
stress for the child and family and interruptions in care for chron-
ic illness (29). Similarly, when the definition of an asthma visit
was limited to primary diagnosis only, the adjusted odds ratios
were similar but not significant. One possible reason for this could
be decreased sample size (23,187 visits with ICD-9-CM as any lis-
ted diagnosis versus 13,373 visits with ICD-9-CM as primary dia-
gnosis). It is also possible that the broader definition (any listed
diagnosis) identified some visits that were not caused by asthma,
even though they were visits by children with asthma (30). We
found that only 37% of visits with asthma as the secondary dia-
gnosis had respiratory illness as the primary diagnosis. The top 5
diagnosis categories, representing 76% of visits with a secondary
diagnosis of asthma, were respiratory disorders (37.0%); signs/
symptoms/ill-defined conditions (16.1%); injury and poisoning
(8.5%); digestive disorders (7.2%); and infectious and parasitic
diseases (7.2%).

Our study had several limitations. One, we obtained data on race/
ethnicity from medical records that may not be reliable for these
data (31). Two, the neighborhood risk index measured cumulative
risk and not individual neighborhood risks. Measurement of cumu-
lative risk was necessary because neighborhood risks are highly
correlated, but it did not permit us to disentangle how each risk
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factor contributes to pediatric asthma hospital revisits. Three, our
data were obtained from one hospital network and excluded chil-
dren with out-of-network encounters. Thus, asthma-related en-
counters,  especially ED visits,  may have been underestimated.
However,  the hospital  network represents  approximately two-
thirds of all pediatric ED visits and 90% of pediatric admissions
and includes the only children’s hospital in the state.

Our findings provide additional evidence that interventions and
policies designed to address pediatric asthma need to account for
neighborhood context  (9,32).  Interventions  that  move beyond
primary care or clinic setting are required. A careful evaluation of
social context (family strengths and supports, financial challenges)
and environmental triggers (type of housing, exposure in home
and school settings) is needed. Interventions need to address the
real-world challenges of managing asthma in high-risk environ-
ments. For instance, in Rhode Island, the Rhode Island Asthma In-
tegrated Response Program (RI-AIR) is implementing a compre-
hensive system for screening and intervention for pediatric asthma
that includes school-based education, intensive home-based inter-
ventions,  and coordination among parents,  school  nurses,  and
health care providers for children whose asthma is not well con-
trolled. A health education intervention for parents that does not
account for certain factors — whether families are living in older
housing stock with mold or multi-unit dwellings with inadequate
ventilation or whether children are chronically exposed to triggers
in older school buildings — will be less effective than a health in-
tervention that does.

Acknowledgments
The project described was supported by Institutional Develop-
ment Award Number U54GM115677 from the National Institute
of General Medical Sciences of the National Institutes of Health,
which funds Advance Clinical and Translational Research (Ad-
vance-CTR). The content is solely the responsibility of the au-
thors and does not necessarily represent the official views of the
National Institutes of Health. No copyrighted material was adap-
ted or reused.

Author Information
Corresponding Author: Annie Gjelsvik, PhD, Brown University,
Box G-121S, Providence, RI 02912. Telephone: 401-863-2396.
Email: Annie_gjelsvik@brown.edu.

Author  Affiliations:  1Department  of  Epidemiology,  Brown
University, Providence, Rhode Island. 2Hassenfeld Child Health
Innovation Institute, Providence, Rhode Island. 3Department of
Emergency Medicine, Brown University Warren Alpert Medical

School,  Providence,  Rhode Island.  4Department  of  Pediatrics,
Brown University Warren Alpert  Medical  School,  Providence,
Rhode Island. 5Department of Biostatistics,  Brown University,
Providence, Rhode Island. 6Department of Psychiatry and Human
Behavior,  Brown  University  Warren  Alpert  Medical  School,
Providence,  Rhode  Island.  7Department  of  Psychiatry,  Rhode
Island Hospital, Providence, Rhode Island. 8Department of Health
Services,  Policy  and  Practice,  Brown University,  Providence,
Rhode Island.

References
Akinbami LJ, Moorman JE, Garbe PL, Sondik EJ. Status of
childhood asthma in the United States, 1980-2007. Pediatrics
2009;123(Suppl 3):S131–45.

  1.

Bloom B, Jones L, Freeman G. Summary health statistics for
U.S.  children:  National  Health  Interview  Survey,  2012.
Hyattsville (MD): Centers for Disease Control and Prevention,
National Center for Health Statistics, 2013.

  2.

Berdahl  TA,  Friedman  BS,  McCormick  MC,  Simpson  L.
Annual  report  on health care  for  children and youth in  the
United States: trends in racial/ethnic, income, and insurance
disparities  over  time,  2002-2009.  Acad  Pediatr  2013;
13(3):191–203.

  3.

Centers for Disease Control and Prevention. National Hospital
Ambulatory  Medical  Care  Survey:  2013  Emergency
department summary tables. 2017.  https://www.cdc.gov/nchs/
data/ahcd/nhamcs_emergency/2013_ed_web_tables.pdf.
Accessed August 8, 2017.

  4.

Wing R, Gjelsvik A, Nocera M, McQuaid EL. Association
between  adverse  childhood  experiences  in  the  home  and
pediatric  asthma.  Ann  Allergy  Asthma  Immunol  2015;
114(5):379–84.

  5.

Sandberg S, Paton JY, Ahola S, McCann DC, McGuinness D,
Hillary  CR,  et  al.  The  role  of  acute  and  chronic  stress  in
asthma attacks in children. Lancet 2000;356(9234):982–7.

  6.

Chang TS, Gangnon RE, Page CD, Buckingham WR, Tandias
A, Cowan KJ, et al. Sparse modeling of spatial environmental
variables  associated  with  asthma.  J  Biomed  Inform  2015;
53:320–9.

  7.

Beck AF, Huang B, Ryan PH, Sandel MT, Chen C, Kahn RS.
Areas with high rates of police-reported violent crime have
higher rates of childhood asthma morbidity. J Pediatr 2016;
173:175–182.e1.

  8.

Beck  AF,  Huang  B,  Chundur  R,  Kahn  RS.  Housing  code
violation density associated with emergency department and
hospital use by children with asthma. Health Aff (Millwood)
2014;33(11):1993–2002.

  9.

PREVENTING CHRONIC DISEASE VOLUME 16, E68

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY             MAY 2019

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

6       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2019/18_0490.htm



Liu SY, Pearlman DN. Hospital readmissions for childhood
asthma: the role of individual and neighborhood factors. Public
Health Rep 2009;124(1):65–78.

10.

Beck AF, Bradley CL, Huang B, Simmons JM, Heaton PC,
Kahn RS. The pharmacy-level asthma medication ratio and
population health. Pediatrics 2015;135(6):1009–17.

11.

Beck AF, Simmons JM, Huang B, Kahn RS. Geomedicine:
area-based  socioeconomic  measures  for  assessing  risk  of
hospital reutilization among children admitted for asthma. Am
J Public Health 2012;102(12):2308–14.

12.

Garcia  E,  Serban N,  Swann J,  Fitzpatrick A.  The effect  of
geographic  access  on severe  health  outcomes for  pediatric
asthma. J Allergy Clin Immunol 2015;136(3):610–8.

13.

Beck AF, Moncrief T, Huang B, Simmons JM, Sauers H, Chen
C, et al. Inequalities in neighborhood child asthma admission
rates  and underlying  community  characteristics  in  one  US
county. J Pediatr 2013;163(2):574–80.

14.

Brewer M, Kimbro RT, Denney JT, Osiecki KM, Moffett B,
Lopez K. Does neighborhood social and environmental context
impact  race/ethnic disparities  in childhood asthma? Health
Place 2017;44:86–93.

15.

Nkoy FL,  Stone BL,  Knighton AJ,  Fassl  BA,  Johnson JM,
Maloney CG, et al. Neighborhood deprivation and childhood
asthma outcomes, accounting for insurance coverage. Hosp
Pediatr 2018;8(2):hpeds.2017-0032.

16.

Saha C, Riner ME, Liu G. Individual and neighborhood-level
factors in predicting asthma. Arch Pediatr Adolesc Med 2005;
159(8):759–63.

17.

US Department  of  Commerce.  Geographic  areas  reference
manual. Washington (DC): US Census Bureau; 1994.

18.

Koinis-Mitchell D, McQuaid EL, Seifer R, Kopel SJ, Esteban
C, Canino G, et al. Multiple urban and asthma-related risks and
their association with asthma morbidity in children. J Pediatr
Psychol 2007;32(5):582–95.

19.

Alpern ER, Clark AE, Alessandrini EA, Gorelick MH, Kittick
M,  Stanley  RM, et  al.;  Pediatric  Emergency Care  Applied
Research Network (PECARN). Recurrent and high-frequency
use of the emergency department by pediatric patients. Acad
Emerg Med 2014;21(4):365–73.

20.

Canino G, McQuaid EL, Rand CS. Addressing asthma health
disparities:  a multilevel challenge. J Allergy Clin Immunol
2009;123(6):1209–17, quiz 1218–9.

21.

Kaiser Family Foundation. State health facts: health coverage
and uninsured: health insurance coverage of children 0–18.
https://www.kff.org/other/state-indicator/children-0-18.
Accessed January 31, 2019.

22.

US Census Bureau. American Community Survey summary
file 2010– 2014. https://www2.census.gov/programs-surveys/
acs/summary_file/2014/data. Accessed January 15, 2016.

23.

US Census  Bureau.  2010Census.https://www2.census.gov/
census_2010/04-Summary_File_1/Rhode_Island.Accessed
March 9, 2016.

24.

Cafri  G,  Hedeker  D,  Aarons  GA.  An  introduction  and
integration  of  cross-classified,  multiple  membership,  and
dynamic group random-effects models. Psychol Methods 2015;
20(4):407–21.

25.

Travers D, Lich KH, Lippmann SJ, Weinberger M, Yeatts KB,
Liao W, et al. Defining emergency department asthma visits
for public health surveillance, North Carolina, 2008-2009. Prev
Chronic Dis 2014;11:E100.

26.

Wilson  KM,  Torok  M,  McMillen  R,  Tanski  S,  Klein  JD,
Winickoff JP. Tobacco smoke incursions in multiunit housing.
Am J Public Health 2014;104(8):1445–53.

27.

Laster N, Holsey CN, Shendell DG, Mccarty FA, Celano M.
Barriers  to  asthma  management  among  urban  families:
caregiver and child perspectives. J Asthma 2009;46(7):731–9.

28.

Busacker A, Kasehagen L. Association of residential mobility
with child health: an analysis of the 2007 National Survey of
Children’s Health.  Matern Child Health J  2012;16(1,Suppl
1):S78–87.

29.

Akinbami LJ, Sullivan SD, Campbell JD, Grundmeier RW,
Hartert  TV,  Lee  TA,  et  al.  Asthma  outcomes:  healthcare
utilization  and  costs.  J  Allergy  Clin  Immunol  2012;
129(3,Suppl):S49–64.

30.

Zingmond DS, Parikh P, Louie R, Lichtensztajn DY, Ponce N,
Hasnain-Wynia  R,  et  al.  Improving  hospital  reporting  of
patient  race  and  ethnicity  —  approaches  to  data  auditing.
Health Serv Res 2015;50(Suppl 1):1372–89.

31.

Kind  AJH,  Buckingham  WR.  Making  neighborhood-
disadvantage metrics accessible — the neighborhood atlas. N
Engl J Med 2018;378(26):2456–8.

32.

PREVENTING CHRONIC DISEASE VOLUME 16, E68

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY             MAY 2019

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2019/18_0490.htm • Centers for Disease Control and Prevention       7



Tables

Table 1. Distribution of Child, Visit, and Neighborhood Characteristics for Pediatric Asthma Emergency Department Visits and Hospitalizations (N = 19,700) by Chil-
dren Aged 2–17 Years in Rhode Island, 2005–2014a

Characteristics No Asthma Revisit (n = 13,997) Asthma Revisit (n = 5,703) P Value

Age, mean (SD), y 8.1 (4.8) 7.4 (4.6) <.001

Sex

Male 59.4 59.2
.82

Female 40.6 40.8

Insurance coverage

Public 58.7 68.7

<.001Private 37.5 27.7

None/self-pay 3.8 3.6

Season

Winter 25.5 24.1

.18
Spring 26.5 27.3

Summer 15.6 15.5

Autumn 32.4 33.1

Race/ethnicity

Hispanic 31.4 38.0

<.001
Non-Hispanic black 15.3 21.5

Non-Hispanic white 48.5 35.8

Non-Hispanic other 4.8 4.8

Neighborhood risk indexb

Low (<75th census-block–group percentile) 50.0 40.4
<.001

High (≥75th census-block–group percentile) 50.0 59.6
a All values are percentages, unless otherwise indicated. Data on emergency department visits and hospitalization were collected from a statewide hospital net-
work administrative database. We counted 11,547 children with an index visit occurring during the period from January 1, 2005, through December 31, 2013.
After excluding visits that occurred within 7 days of the index visit (n = 860), we counted 19,700 index visits.
b Derived by using 8 measures from the 2010–2014 American Community Survey and 2010 US Census: percentage of adults with no high school education, per-
centage of single-parent households, percentage of household crowding (>1 person per room), percentage of renter-occupied housing units, percentage of vacant
homes (excluding vacation homes), percentage of families below 100% of the federal poverty level, percentage of nonwhite residents, and percentage of housing
units built before 1950. The index ranged in value from 8 to 40; high risk defined as an index of 30–40; low risk, 8–29.
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Table 2. Child-Clustered Adjusted Regression Results for Pediatric Asthma Emergency Department Visits and Hospitalizations (N = 19,700) by Children Aged 2–17
Years in Rhode Island, 2005–2014a

Effect Adjusted Odds Ratio (95% Confidence Interval) P Value

Age 0.99 (0.98–1.01) 31

Sex

Male 1 [Reference]

Female 1.02 (0.93–1.11) .72

Insurance coverage

Private 1 [Reference]

Public 1.20 (1.00–1.44) .06

None/self-pay 1.31 (0.90–1.89) .16

Season

Winter 0.95 (0.79–1.15) .60

Spring 1.02 (0.86–1.22) .81

Summer 1.04 (0.84–1.29) .71

Autumn 1 [Reference]

Race/ethnicity

Hispanic 1.24 (1.03–1.50) .02

Non-Hispanic black 1.26 (1.02–1.56) .04

Non-Hispanic white 1 [Reference]

Non-Hispanic other 1.06 (0.75–1.50) .74

Neighborhood risk indexb

Low (<75th percentile) 1 [Reference]

High (≥75th percentile) 1.22 (1.00–1.48) .04
a Data on emergency department visits and hospitalization were collected from a statewide hospital network administrative database. We counted 11,547 chil-
dren with an index visit occurring during the period from January 1, 2005, through December 31, 2013. After excluding visits that occurred within 7 days of the in-
dex visit (n = 860), we counted 19,700 index visits. Multivariable model controlled for child and neighborhood characteristics.
b Derived by using 8 measures from the 2010–2014 American Community Survey and 2010 US Census: percentage of adults with no high school education, per-
centage of single-parent households, percentage of household crowding (>1 person per room), percentage of renter-occupied housing units, percentage of vacant
homes (excluding vacation homes), percentage of families below 100% of the federal poverty level, percentage of nonwhite residents, and percentage of housing
units built before 1950. The index ranged in value from 8 to 40; high risk defined as an index of 30–40; low risk, 8–29.
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Table 3. Adjusted Cross-Classified Random-Effects Model, Clustered on Child and Neighborhood Risk, for Study on Pediatric Asthma Emergency Department Visits
and Hospitalizations by Children Aged 2–17 Years in Rhode Island, 2005–2014a

Effect Adjusted Odds Ratio (95% Confidence Interval) P Value

Age 0.92 (0.91–0.93) <.001

Sex

Male 1 [Reference]

Female 1.15 (1.06–1.25) .001

Insurance coverage

Private 1 [Reference]

Public 1.10 (1.00–1.21) .049

None/self-pay 0.94 (0.76–1.17) .57

Season

Winter 0.97 (0.88–1.06) .49

Spring 1.01 (0.92–1.10) .88

Summer 0.77 (0.69–0.86) <.001

Autumn 1 [Reference]

Race/ethnicity

Hispanic 1.13 (1.02–1.27) .02

Non-Hispanic black 1.43 (1.26–1.62) <.001

Non-Hispanic white 1 [Reference]

Non-Hispanic other 1.30 (1.07–1.58) .008

Neighborhood risk indexb

Low (<75th percentile) 1 [Reference]

High (≥75th percentile) 1.14 (0.98–1.33) .08
a Data on emergency department visits and hospitalization were collected from a statewide hospital network administrative database. We counted 11,547 chil-
dren with an index visit occurring during the period from January 1, 2005, through December 31, 2013. After excluding visits that occurred within 7 days of the in-
dex visit (n = 860), we counted 19,700 index visits. This cross-clarification model accounted for children who moved from their neighborhoods; after excluding
these children, the number of visits was 15,156.
b Derived by using 8 measures from the 2010–2014 American Community Survey and 2010 US Census: percentage of adults with no high school education, per-
centage of single-parent households, percentage of household crowding (>1 person per room), percentage of renter-occupied housing units, percentage of vacant
homes (excluding vacation homes), percentage of families below 100% of the federal poverty level, percentage of nonwhite residents, and percentage of housing
units built before 1950. The index ranged in value from 8 to 40; high risk defined as an index of 30–40; low risk, 8–29.
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