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Abstract

Traditional methods of health surveillance often under-represent racial and ethnic minorities. Our
objective was to use geospatial analysis and emergency claims data to estimate local chronic
disease prevalence separately for specific racial and ethnic groups. We also performed a regression
analysis to identify associations between median household income and local disease prevalence
among Black, Hispanic, Asian, and White adults in New York City. The study population included
individuals who visited an emergency department at least once from 2009-2013. Our main
outcomes were geospatial estimates of diabetes, hypertension, and asthma prevalence by Census
tract as stratified by race and ethnicity. Using emergency claims data, we identified 4.9 million
unique New York City adults with 28.5% of identifying as Black, 25.2% Hispanic, and 6.1%
Asian. Age-adjusted disease prevalence was highest among Black and Hispanic adults for diabetes
(13.4% and 13.1%), hypertension (28.7% and 24.1%), and asthma (9.9% and 10.1%). Correlation
between disease prevalence maps demonstrated moderate overlap between Black and Hispanic
adults for diabetes (0.49), hypertension (0.57), and asthma (0.58). In our regression analysis, we
found that the association between low income and high disease prevalence was strongest for
Hispanic adults, whereas increases in income had more modest reductions in disease prevalence
for Black adults, especially for diabetes. Our geographically detailed maps of disease prevalence
generate actionable evidence that can help direct health interventions to those communities with
the highest health disparities. Using these novel geographic approaches, we reveal the underlying
epidemiology of chronic disease for a racially and culturally diverse population.
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INTRODUCTION

Traditional health surveillance methods, such as telephone-based surveys, are not only
limited by small sample sizes, but substantially under-represent many racial and ethnic
minorities.[X] Therefore, it is extremely difficult to identify the underlying epidemiology of
chronic disease prevalence as stratified by race and ethnicity.[2] However, we have recently
demonstrated the feasibility of using emergency department data to obtain a large
population-based sample and identify the local prevalence of common chronic diseases like
diabetes, hypertension, and asthma at a neighborhood level.[3] In this study, we use these
approaches to study chronic disease prevalence separately for specific racial and ethnic
groups. To address health disparities, preventable differences in disease prevalence can be
analyzed not only between-groups, but also within-groups to understand which specific
communities experience the highest health burdens.

The advantages of emergency department data are that it is already widely available in
existing databases and captures a large study sample. In any given year, one in five adults
reports visiting an emergency department at least once, providing a 20% population sample
with just one year of data.[l With multiple years of data, it is easy to obtain health records
for a majority of the entire population.[3] Furthermore, this sample of emergency department
patients has a substantial representation of minority groups, who often face the poorest
health outcomes and access to health care.[®! Thus, emergency claims data can become a
powerful tool for studying the intersection of disease with race and ethnicity and evaluating
within-group health disparities.[®]

The objective of this study was to investigate how large scale emergency claims data could
be used to enhance chronic disease surveillance among racial and ethnic minorities. We
applied our novel geographic method of emergency department surveillance to identify the
local prevalence of diabetes, hypertension and asthma among Black, Hispanic, and Asian
groups. These conditions were chosen because they were included in the original validation
study of this method. We used detailed patient level address data to identify the local
geographic patterns of chronic disease prevalence by racial and ethnic group. Finally, we
also investigated how socioeconomic factors such as household income affect chronic
disease prevalence in these different racial and ethnic groups.

METHODS
Study Design and Setting

To compare the local geographic patterns of chronic disease prevalence by race and
ethnicity, we used a recently validated method of identifying individuals with diseases like
diabetes, hypertension, and asthma using emergency claims data.[3] The study period was
2009-2013, and our study setting was New York City, a diverse urban setting with
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approximately 22.7% Black residents, 28.7% Hispanic residents, 12.9% Asian residents, and
33.1% White residents based on data from the American Community Survey 2009-2013.
Chronic disease prevalence was assessed at the Census tract level using geocoded addresses.
We then determined how associations between local chronic disease prevalence and median
household income differed by race and ethnicity.

Data Sources

SPARCS Database—The New York State Department of Health established the
Statewide Planning and Research Cooperative System (SPARCS) to collect administrative
claims data from inpatient hospitalizations, emergency department visits, and other health
care utilization across all insurance types. Along with demographics and diagnosis codes, it
includes unique identifiers that can track visits by the same patient across different hospitals.
It also contains address data, which can be geocoded to identify the exact location of a
patient’s residence.

American Community Survey—To analyze the association of local chronic disease
prevalence with median household income, we used Census tract level data from the
American Community Survey from 2009-2013. These values were compared to rates of
chronic disease by Census tract to determine how disease prevalence changed with
increasing income at a local level.

Participants

We included all adult patients aged 18 years and older who visited an emergency department
located in a general acute care hospital in New York State between 2009 and 2013. Included
patients had geocodable home address located in New York City. We excluded patients from
correctional facilities or transferred from nursing homes and other health care facilities to
determine disease prevalence for the non-institutionalized adult population.

Patients who had multiple emergency department visits at the same or across several
hospitals during the study period were only counted as a single observation by collapsing
emergency department visits using unique identifiers in SPARCS. The result was a
population that represented unique New York City residents who had accessed emergency
care at least once during the study period.

We used race and ethnicity flags in SPARCS to stratify patients. The specific racial and
ethnic groups analyzed were non-Hispanic Black adults (hereon referred to as Black),
Hispanic adults (including any race), non-Hispanic Asian adults (hereon referred to as
Asian), and non-Hispanic White adults (hereon referred to as White). To account for
inconsistencies in categorizations of race and ethnicity, we conservatively only included
patients consistently categorized as Black, Hispanic, Asian, or White across multiple
emergency visits. We excluded patients whose racial classification was only marked as other
or was missing, in addition to any patient for which available racial and ethnic classification
data was conflicting.
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Main Outcome

Our outcome measure was the local prevalence of chronic disease by New York City Census
tract for Black, Hispanic, Asian, and White adults. After accounting for repeat emergency
department visits by the same individual, all primary and secondary ICD-9 diagnosis codes
for each unique patient were analyzed for the presence of diabetes (250), hypertension (401
to 405), and asthma (493). To calculate chronic disease prevalence, the number of unique
patients with any diagnosis code for each condition was divided by the total number of
unique patients by Census tract. This disease prevalence was age-adjusted using the direct
method described by the Centers for Disease Control and Prevention and four age
stratifications (18 to 24, 25 to 44, 45 to 64, 65 and older).[”] Geospatial smoothing
techniques described below were used to map rates using age-adjusted counts.

Statistics

Population characteristics and our main outcome were first summarized for each of race and
ethnicity in our study. Age strata, sex, insurance status, in addition to overall unadjusted and
age-adjusted disease prevalence are reported for each group. Given the large sample sizes,
all differences were statistically significant, thus only differences in proportions greater than
5% are reported in the results.

In our analysis, we excluded 50 Census tracts that were non-residential areas, e.g., parks and
airports, based on zero or low population counts in the American Community Survey data.
In addition, we excluded Census tracts that had fewer than 30 unique individuals in
emergency department data that met inclusion criteria for the study. This additional
exclusion was performed to reduce the bias of inaccurate disease prevalence estimates due to
limited data.

To smooth local rates of chronic disease prevalence by Census tract, we used Spatial
Empirical Bayes modeling with first-order rook spatial weights.[8] This process started with
the underlying age-adjusted count data for rates of chronic disease by Census tract. Then, we
used the rates calculated in adjacent neighboring Census tracts that shared a border segment
to determine the final smoothed local estimate of chronic disease prevalence in each Census
tract using a Spatial Empirical Bayes modeling approach. This smoothing was performed to
reduce error from small sample sizes and use neighboring Census tracts to provide enhanced
estimates of local chronic disease prevalence.

To compare the geographic distribution of high and low chronic disease prevalence by race
and ethnicity, we analyzed the correlation between geospatially smoothed estimates of
diabetes, hypertension, and asthma prevalence among Black, Hispanic, Asian, and White
adults by Census tract. The Pearson product moment correlation was used to compare
estimates with 99.92% confidence intervals using a Bonferroni correction for 18 pairwise
correlations. By convention, correlations were categorized as very weak (0.00-0.19), weak
(0.20-0.39), moderate (0.40-0.59), strong (0.60-0.79), and very strong (0.80-1.00).

Finally, we compared the association between local chronic disease prevalence and income
by race and ethnicity. To perform this analysis, we used linear regression of median
household income by Census tract and the geospatially smoothed estimates of diabetes,
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hypertension, and asthma prevalence for Black, Hispanic, Asian, and White adults. The
regression coefficients in this analysis were reinterpreted to determine what absolute change
in disease prevalence would result from a change in median household income of $100,000
by Census tract. (Regression equation: [Chronic Disease Prevalence] = coefficient [Income
by Census tract] + error). We also compared the relative effect size of this income difference
by dividing the absolute change in disease prevalence by the average disease prevalence for
each racial and ethnic group. Statistically significant differences were analyzed using
99.96% confidence intervals using a Bonferroni correction for 12 separate linear regressions.
We also reported the coefficient of determination (R2) as a measure of the variance in
chronic disease prevalence explained by median household income for each race and
ethnicity.

Statistical analyses were performed in Stata 14.2 (StataCorp: College Station, TX. 2015).
Geospatial analysis was performed using GeoDa 1.8.12 (Luc Anselin: Arizona State
University: Tempe, AZ. 2016). Maps were created in ArcGIS Desktop 10.3.1 (ESRI:
Redlands, CA. 2015). Our study protocol was approved by the Institutional Review Board at
the New York University School of Medicine.

Study Population

Using large scale emergency claims data, we identified 4.9 million unique adults in New
York City who had visited an emergency department at least once during 2009-2013. This
represents a substantial proportion of the estimated 6.8 million adults that reside in New
York City. In our study population, 28.5% of adults were Black, 25.2% were Hispanic, 6.1%
were Asian, 24.4% were White, and 15.9% were excluded because of inadequate or
conflicting data on race and ethnicity. There were a higher proportion of Black and Hispanic
adults than Asian and White adults aged 18 to 24, and a higher proportion of White adults
than minorities aged 65 years and older (Table 1). In addition, there was a substantially
higher proportion of White adults with private insurance or Medicare compared to racial and
ethnic minorities, who had higher rates of Medicaid and uninsurance. Compared to Census
estimates, there were proportionally more Black residents and fewer Asian residents in our
study sample than the general population.

Main Outcome Measures

The unadjusted diabetes prevalence was highest among Black adults, whereas the unadjusted
hypertension prevalence was nearly equivalent between Black and White adults. Unadjusted
asthma prevalence was highest among Black and Hispanic adults. After age-adjustment
using the direct method, adjusted diabetes prevalence was still highest among Black adults
(13.4%); however, was nearly matched by adjusted diabetes prevalence among Hispanic
adults (13.1%). Age-adjusted hypertension prevalence was much higher among Black adults
(28.7%) and was no longer equivalent with White adults (20.9%). Finally, age-adjusted
asthma prevalence continued to be highest among Black and Hispanic adults (9.9% and
10.1%).
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Geographic Distribution of Chronic Disease

We mapped the geographic distribution of these chronic diseases using geospatially
smoothed rates for each racial and ethnic group. For comparison, we show age-adjusted
diabetes prevalence among Black (Figure 1), Hispanic (Figure 2), and Asian adults
(Appendix). For comparison, age-adjusted diabetes prevalence among White adults is also
found in the appendix. These Census tract level maps demonstrate substantial differences in
the concentration of chronic disease prevalence among the different racial and ethnic groups.

Furthermore, our analysis of correlations by race and ethnicity identifies the differences in
the geographic distribution of chronic disease prevalence (Table 2). For diabetes prevalence,
correlations between Black and Hispanic groups and between Asian and White groups were
moderate (0.49 and 0.48), meaning that the overlap of high and low prevalence areas for
diabetes between these groups was moderate. Other pairwise correlations between diabetes
prevalence by race and ethnicity were weak, meaning that there was little overlap of high
and low prevalence areas for diabetes between other groups. We found a similar pattern of
correlation by race and ethnicity for hypertension prevalence. However, for asthma
prevalence, correlations between Black and Hispanic groups and between Hispanic and
White groups were moderate (0.58 and 0.41). Whereas all other pairwise correlations were
weak or very weak.

Association of Chronic Disease Prevalence with Income

We found that the prevalence of all chronic diseases studied decreased the most among
Hispanic adults with an increase in median household income compared to other groups
(Table 3). For a $100,000 increase in income, diabetes prevalence among Hispanic adults
decreased by 5.0 percentage points, hypertension prevalence decreased by 5.6 percentage
points, and asthma prevalence decreased by 3.8 percentage points. In addition, the
coefficient of determination was consistently higher among Hispanic adults for the
association of income with all chronic diseases studied. This finding suggests that a greater
proportion of the variation in chronic disease prevalence is explained by income for
Hispanic adults than other groups. On a relative basis, diabetes prevalence dropped only to
0.80x of its average value among Black adults with a $100,000 increase in income, whereas
it dropped much lower on a relative basis among Hispanic, Asian, and White adults (0.61x,
0.61x, and 0.65x% respectively).

DISCUSSION

By using geospatial analysis and emergency claims data, we demonstrated that it is possible
to enhance the surveillance of chronic disease among racial and ethnic minority adults. With
five years of data, we identified a substantial majority of all adult New York City residents
and used diagnosis codes to create geographically detailed maps of diabetes, hypertension,
and asthma prevalence as stratified by race and ethnicity. The advantage of applying these
novel geographic methods to existing emergency claims databases is that it provides an
incredibly large population sample with a strong representation by minority groups.[®
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Our study results identified specific geographic areas with a higher prevalence of chronic
disease for each racial and ethnic group. To begin an investigation of the socioeconomic
factors that might explain these health disparities, we also analyzed the influence of income
differences on these geographic distributions of diabetes, hypertension, and asthma
prevalence. We found that the income effects were much more profound for Hispanic adults
compared to other groups. In comparison, increases in income were associated with smaller
relative decreases in chronic disease prevalence among Black adults, especially for diabetes.
These findings are evidence that race and ethnicity can significantly modify the association
of chronic disease prevalence and income at a local geographic level.l®] Though health
disparities research has demonstrated that many minorities have been isolated in low income
areas, our results suggest that disparities in chronic disease prevalence may not be driven by
income alone. Future studies should investigate how other socioeconomic factors such as
education, housing and residential stability and environmental factors such as proximity of
healthy and unhealthy food sources may influence the presence of these within-group
geographic disparities in chronic disease prevalence.

Though health disparities are largely attributed to socioeconomic disparities, our findings
suggest that simply improving incomes may not reduce disease burden substantially across
all races and ethnicities.[10] The development of disease is also driven by other social,
behavioral, and cultural factors.[11] Effective interventions to reduce health disparities may
require approaches that are tailored for communities that have the highest burden of disease.
(12 Our novel geographic approach can help identify these areas, which may have shared
culture and behavioral patterns as well as shared geography and disease risk. Our
geographically detailed maps provide actionable evidence of where to geographically target
interventions by identifying which neighborhoods experience the worst health outcomes.[23]
These findings can also spur investigations of what specific health challenges these
geographic areas face, which can help shape the interventions for minority communities that
face the highest health disparities.[14]

Overall, we found that the geographic distribution of chronic disease prevalence were not
strongly correlated between specific racial and ethnic groups. This lack of correlation
suggests that areas of high and low chronic disease prevalence are not located in the same
parts of the city for different racial and ethnic groups. These within-group health disparities
demonstrate that the neighborhoods that face the highest health burdens differ depending on
the race or ethnicity studied. This finding may be driven largely by the fact that certain races
and ethnicities cluster within specific neighborhoods in New York City.[*3] However, we
found that for diabetes and hypertension, geographic areas of high and low disease
prevalence were moderately correlated between Black and Hispanic adults. But for asthma,
disease maps also had moderate overlap between Hispanic and White adults.[16] These
differences among diseases suggest that environmental influences whether physical or social
may differ depending on the condition studied.[17. 18] Understanding the underlying
epidemiology of each chronic disease is a critical first step in reducing health disparities, and
it is important to identify the geographic variation in disease burden that exists within each
racial and ethnic group.[19]
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Our study was observational, therefore associations cannot be taken as evidence of
causation. SPARCS is also known to have some issues with accuracy of race and ethnicity
coding by certain hospitals that contribute data.[2%] We overcame some of these limitations
by ignoring observations where classification of race and ethnicity was ambiguous.
However, these exclusions may have introduced bias in our chronic disease prevalence
estimates. We also found that collapsing data across hospitals help filled in missing data as
some hospitals frequently listed race as other without categorizing ethnicity for Hispanic
adults. We captured a diverse population, but Asians were notably underrepresented in our
sample. Our study also did not include children who have very different patterns of chronic
diseases. Finally, claims data provided by hospitals can contain other types of coding errors.
In our experience, these methods may produce erroneous results when examining individual
observations, but the large sample size generated can smooth over the relatively small
number of these inconsistencies.[3]

Supplementary Material
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Fig. 1.
Age-Adjusted Diabetes Prevalence Estimates for Black Adults by Census Tract in New York

City
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Fig. 2.
Age-Adjusted Diabetes Prevalence Estimates for Hispanic Adults by Census Tract in New

York City
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Population Characteristics Using Emergency Department Surveillance by Race and Ethnicity in New York

City
Characteristics Black Adults | Hispanic Adults | Asian Adults | White Adults
Sample 1,386,859 1,226,694 295,139 1,188,220
Proportion 28.5% 25.2% 6.1% 24.4%
Age
18-24 18.0% 19.9% 13.0% 11.8%
25-44 38.6% 41.8% 43.0% 35.8%
45-64 30.0% 26.1% 27.6% 25.7%
65 & Up 13.4% 12.2% 16.4% 26.7%
Gender
Male 42.0% 44.4% 40.9% 45.7%
Female 58.0% 55.6% 59.1% 54.3%
Insurance
Private 29.4% 22.6% 26.7% 46.7%
Medicare 13.1% 12.1% 12.6% 25.8%
Medicaid 30.6% 37.1% 39.2% 14.0%
Uninsured 26.9% 28.2% 21.5% 13.5%
Unadjusted Prevalence
Diabetes 12.2% 10.9% 11.4% 9.6%
Hypertension 26.2% 19.8% 20.7% 26.1%
Asthma 9.9% 9.8% 3.5% 5.0%
Age-Adjusted Prevalence
Diabetes 13.4% 13.1% 11.7% 7.9%
Hypertension 28.7% 24.1% 21.2% 20.9%
Asthma 9.9% 10.1% 3.6% 4.9%
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Correlation of Chronic Disease Prevalence Between Race and Ethnicities by Census Tract in New York City

Disease Black Adults Hispanic Adults Asian Adults White Adults
Diabetes
Black Adults - 0.49 (0.43-0.55) | 0.35(0.27-0.42) | 0.32 (0.25-0.39)

Hispanic Adults

0.49 (0.43-0.55)

0.26 (0.18-0.34)

0.22 (0.15-0.29)

Asian Adults

0.35 (0.27-0.42)

0.26 (0.18-0.34)

0.48 (0.41-0.54)

White Adults

0.32 (0.25-0.39)

0.22 (0.15-0.29)

0.48 (0.41-0.54)

Hypertension

Black Adults

0.57 (0.51-0.61)

0.31 (0.23-0.38)

0.26 (0.19-0.33)

Hispanic Adults

0.57 (0.51-0.61)

0.22 (0.14-0.30)

0.17 (0.10-0.24)

Asian Adults

0.31 (0.23-0.38)

0.22 (0.14-0.30)

0.54 (0.47-0.60)

White Adults

0.26 (0.19-0.33)

0.17 (0.10-0.24)

0.54 (0.47-0.60)

Asthma

Black Adults

0.58 (0.52-0.62)

0.19 (0.10-0.27)

0.31 (0.24-0.38)

Hispanic Adults

0.58 (0.52-0.62)

0.19 (0.11-0.27)

0.41 (0.34-0.47)

Asian Adults

0.19 (0.10-0.27)

0.19 (0.11-0.27)

0.24 (0.16-0.31)

White Adults

0.31 (0.24-0.38)

0.41 (0.34-0.47)

0.24 (0.16-0.31)

Notes: Correlations compare the overlap of high and low prevalence areas between racial and ethnic groups. Parentheses with 99.92% confidence

intervals.
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Table 3
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Decrease in Age-Adjusted Disease Prevalence by Race and Ethnicity Based on Change in Median Household
Income by Census Tract in New York City

Increasein Income by
$100,000

Black Adults

Hispanic Adults

Asian Adults

White Adults

Absolute Changein Disease

Prevalence by Percentage

Diabetes

~2.6% (~3.2% to —2.1%)

-5.0% (~5.6% to —4.5%)

-4.5% (~5.5% to —3.6%)

~2.8% (~3.2% to —2.3%)

Hypertension

-3.8% (-4.7% to -3.0%)

-5.6% (~6.3% to —4.9%)

-3.3% (—4.4% to —2.2%)

-1.9% (=2.7% to —1.0%)

Asthma

~2.6% (~3.2% to —2.1%)

~3.8% (~4.4% to —3.1%)

~1.0% (~1.4% to —0.5%)

~1.7% (~2.0% to —1.4%)

Relative Change in Disease Prevalence by Ratio

Diabetes

0.80x (0.76-0.84)

0.61x (0.57-0.66)

0.61x (0.53-0.70)

0.65x (0.59-0.70)

Hypertension

0.87x (0.84-0.90)

0.77x (0.74-0.80)

0.84x (0.79-0.90)

0.91x (0.87-0.95)

Asthma

0.73x (0.68-0.79)

0.63x (0.56-0.70)

0.73x (0.62-0.85)

0.65x (0.58-0.71)

Coefficient of Determination (R?)

Diabetes 0.09 0.24 0.10 0.13
Hypertension 0.07 0.20 0.04 0.02
Asthma 0.09 0.11 0.03 0.11

Notes: Parentheses with 99.58% confidence intervals.
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