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Eosinophilic esophagitis (EoE) is a chronic condition that appears to be increasing in 

prevalence worldwide. In the 2012 United States Medicaid population, we recently reported 

that EoE is less prevalent in rural areas of the United States, as well as among those living in 

higher poverty neighborhoods.(1) While it is possible that these findings could be related to 

unique urban exposures such as pollution, it may also be that the apparent protective effect 

of rural residence is instead related to under-diagnosis of EoE. In particular, there may be 

lack of access to pediatric subspecialty care — there are few pediatric gastroenterologists 

in rural areas and most of these subspecialty providers are located in urban areas.(2) The 

objective of this study was to determine whether rural status remains protective for EoE 

diagnosis when adjusting for distance to pediatric gastroenterology provider.

This was a cross-sectional study of individuals aged 0–17 years enrolled in Medicaid for the 

entirety of 2012. As previously described, the Medicaid data were collected and aggregated 

on the state level and then processed by the Centers for Medicare and Medicaid into the 

Medicaid Analytic Extract (MAX), with individuals grouped by zip-code tabulation area 

(ZCTA).(1) The ZCTA data was then linked to the 2013 NCHS Urban-Rural Classification 

scheme for Counties, based on the containing county, and the 2011 American Community 

Survey. EoE was defined as having at least one billed event (hospitalization, Emergency 

Room visit, or outpatient encounter) with an International Classification of Diseases, Ninth 

Revision (ICD-9) code for EoE (530.13) during the 12-month period.

Geographic information on pediatric gastroenterology providers in 2012 was obtained from 

the North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition 

(NASPGHAN) database (n=2,147). This provider list was restricted to individuals with 

an MD or DO degree, without emeritus status, practicing in the United States with an 

available zip code (n=1,496). The spatial location of these providers was then assigned to 

the corresponding ZCTA centroid. To estimate distance to a provider within an individual’s 

state, we calculated the Euclidean distance from the centroid of each ZCTA to the nearest 

centroid of a ZCTA within the same state that contained a provider location.

To assess whether an independent association exists between urban/rural status and EoE, 

after accounting for distance to provider, we used our previously published multivariable 

logistic regression model,(1) which adjusted for age, race, gender, ZCTA-level poverty, and 

county urban-rural code. We additionally adjusted for distance to provider, categorized into 

six levels. All analyses were performed in R version 4.0.2. Further details regarding the 

study methodology were previously reported(1) and can be found in the Online Repository 

Text.

A total of 18,452,886 children were included in these analyses, and the overall prevalence 

of EoE was 26.21/100,000, as was previously reported.(1) Distance to care provider was 

strongly associated with the NCHS classification of urban/rural status (Figure E1). In our 

previously published model, living in a rural area was associated with a lower risk of 

EoE diagnosis, when compared to living in a large-central metro area (Table 1). However, 

when adjusting for distance to provider, there was no longer an independent association 

between living in a rural area and EoE diagnosis (Table 1, Figure 1). In contrast, in this 

model, children living farther away from a pediatric gastroenterologist were less likely to 
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be diagnosed with EoE, even after adjusting for urban/rural status and neighborhood-level 

poverty (26–50 km: aOR 0.84; 95%CI 0.75–0.93); 51–100 km: aOR 0.83; 95%CI 0.74–

0.94; 101–200 km: aOR 0.68; 95%CI 0.59–0.79; >201 km: aOR 0.50; 95%CI 0.40–0.61; 

Table 1, Figure 1).

In our previous model, we had also observed an inverse relationship between poverty and 

EoE diagnosis, where children living in areas with higher neighborhood-level poverty had a 

lower odds of being diagnosed with EoE (Table 1). Distance to provider, however, was not 

strongly associated with neighborhood-level poverty in the cumulative distribution functions 

(Figure E1). Further, there was no attenuation of the strong inverse association observed 

between neighborhood-level poverty and odds of EoE diagnosis when distance to provider 

was included in the model (Table 1, Figure 1).

In this cross-sectional study of 18,452,886 children enrolled in Medicaid in 2012, we found 

that while living in a rural environment was associated with a decreased risk for EoE 

diagnosis, this protective effect was explained by distance to a pediatric gastroenterology 

provider. This strongly suggests that urban/rural disparities in EoE diagnosis are not 

primarily due to environmental factors, but are instead related to under-recognition that 

is associated with lack of access to subspecialty care. This study is the first to demonstrate 

that diagnostic disparities likely exist for the diagnosis of EoE among children living in 

rural areas. In order to diagnose EoE, a child must undergo an esophagogastroduodenoscopy 

(EGD) with esophageal biopsies,(3) which can only be performed by highly trained pediatric 

gastroenterologists. There are fewer pediatric gastroenterologists living in rural areas, and 

therefore these children do not have ready access to necessary providers. Unfortunately, 

previous studies have demonstrated that the delay in diagnosis of EoE is associated with an 

increased risk for fibrotic complications.(4) Increased access to pediatric gastroenterology 

providers or the development of non-invasive methodologies to diagnose EoE could 

minimize this health disparity and directly improve patient outcomes.

Interestingly, while distance to provider attenuated the association between urban/rural 

status and EoE diagnosis, this was not observed for neighborhood-level poverty. Children 

living in areas with higher neighborhood-level poverty continued to be less likely to be 

diagnosed with EoE. This findings suggests that either there are factors in areas with higher 

neighborhood-level poverty that decrease the risk for EoE, or there are other barriers to care 

that are not related to physical distance to a pediatric gastroenterology provider. Examples 

of such could include decreased access to specialty care among Medicaid participants,(5) the 

inability to take off work for appointments, and distrust in medical providers. Understanding 

these factors will improve our ability to identify these patients and provide care to those with 

untreated disease.

These findings further suggest that our current understanding of the epidemiology of EoE, 

which is based largely on administrative coding,(6) pathology databases,(7) and cohort 

studies(8) may not fully capture the predictors and phenotypic variability of this disease. 

While administrative coding has a very high specificity (99%), it has poor sensitivity (37–

61%) even for those with diagnosed disease and likely does not capture all individuals 

with this condition.(9) Pathology database and cohort studies similarly only account for 
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individuals who present for medical care and can be limited by selection bias. Further 

studies are needed to improve our understanding of the prevalence and predictors of EoE in 

high-risk and unselected populations.

This study is limited by the use of ICD-9 coding to define EoE, which, as above, has 

poor sensitivity for identifying patients with this condition.(9) Furthermore, these data were 

collected prior to the revised EoE diagnosis guidelines,(3) and thus the ICD-9 code may 

only have been used in patients who completed a PPI trial. This study is also limited by 

the lack of individual-level data on income, potentially leading to residual confounding. 

Finally, we were unable to assess whether patients in rural areas had fewer pediatric 

gastroenterology visits or EGDs, which would have corroborated our findings. These 

limitations are balanced by the fact that this study included over 18 million children enrolled 

in a nationwide database and provides novel data on likely diagnostic disparities in children 

with EoE.
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Clinical Implications:

In this cross-sectional study of children enrolled in Medicaid 2012, the apparent lower 

prevalence of EoE in rural communities was attenuated when adjusting for distance to 

provider. Diagnostic disparities likely exist for EoE among children residing in rural 

areas.
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FIGURE 1. 
Odds ratios and 95% Cls for EoE diagnosis by (A) urban-rural county category and (B) 

neighborhood-level poverty. The reference group for the urban-rural analysis is Large central 

metro, and the reference group for neighborhood level poverty is less than 25% of families 

below the poverty line.
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Table 1:

Association Between Poverty, Urban/Rural Status, Distance to Provider, and EoE

Previous Model
* 95% CI Updated Model

† 95% CI

Sex

   Female REF REF

   Male 2.14 2.01 – 2.27 2.14 2.01 – 2.27

Age Categories

   0–2 y REF REF

   3–5 y 0.99 0.90 – 1.09 0.99 0.90 – 1.09

   6–8 y 0.99 0.89 – 1.09 0.99 0.89 – 1.09

   9–11 y 1.03 0.94 – 1.14 1.04 0.94 – 1.14

   12–14 y 0.98 0.89 – 1.09 0.98 0.89 – 1.09

   15–17 y 0.87 0.77 – 0.98 0.87 0.77 – 0.98

Race/Ethnicity

   White REF REF

   Black 0.41 0.38 – 0.45 0.40 0.37 – 0.44

   Asian 0.37 0.28 – 0.49 0.36 0.27 – 0.47

   Hispanic 0.31 0.27 – 0.35 0.30 0.27 – 0.34

   Grouped
§ 0.40 0.34 – 0.47 0.40 0.34 – 0.46

   Unknown 1.64 1.48 – 1.80 1.61 1.46 – 1.77

Urban/Rural Status

   Large Central Metro REF REF

   Large Fringe Metro 0.93 0.84 – 1.02 1.00 0.90 – 1.11

   Medium Metro 0.95 0.87 – 1.05 1.04 0.94 – 1.15

   Small Metro 0.78 0.69 – 0.88 0.95 0.82 – 1.09

   Micropolitan 0.79 0.70 – 0.89 0.99 0.85 – 1.14

   Noncore (rural) 0.68 0.59 – 0.78 0.88 0.74 – 1.03

ZCTA-Level Poverty

   ≤ 5% 2.00 1.75 – 2.28 1.99 1.74 – 2.28

   6 – 10% 1.78 1.57 – 2.00 1.79 1.58 – 2.02

   11 – 15% 1.50 1.33 – 1.69 1.53 1.36 – 1.73

   16 – 20% 1.30 1.14 – 1.49 1.31 1.15 – 1.50

   21 – 25% 0.99 0.84 – 1.16 0.99 0.85 – 1.16

   26 – 100% REF REF

Distance to Provider

   ≤ 10 km N/A N/A REF

   11 – 25 km N/A N/A 0.95 0.87 – 1.04

   26 – 50 km N/A N/A 0.84 0.75 – 0.93

   51 – 100 km N/A N/A 0.83 0.74 – 0.94

   101 – 200 km N/A N/A 0.68 0.59 – 0.79

   > 201 km N/A N/A 0.50 0.40 – 0.61

Values expressed as odds ratios (OR) and 95% CIs
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*
Previous models adjusted for sex, age, race/ethnicity, urban/rural status, state of residence, and ZCTA-level poverty

†
Updated model adjusted for the same variables as previous model, plus distance to provider

§
Defined as the combination of “Native American/Alaskan,” “>1 race (Hispanic), “>1 race (non-Hispanic),” and “Hawaiian”

ZCTA: Zip-code tabulation area
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