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Abstract

Objectives—The epidemiology of eosinophilic esophagitis (EOE) is rapidly evolving, and
differences in climate could impact the prevalence of EoE. We aimed to examine the association
between esophageal eosinophilia and climate zones in the U.S.

Methods—This was a cross-sectional study of esophageal biopsies from 2008 to 2010 in a large
U.S. pathology database. Cases were patients with esophageal eosinophilia; controls had normal
esophageal biopsies. A Koppen-Geiger (K-G) climate class was assigned to each patient, and the
association between case-control status and the main K-G climate type (tropical, arid, temperate,
or cold) was assessed.

Results—A total of 233,649 patients were included, 71,948 (30.8%) with normal esophageal
biopsies and 9,995 (4.3%) with esophageal eosinophilia. Using the temperate zone as the referent
and after multivariable analysis, the odds of esophageal eosinophilia were highest in the cold
climate zone (OR =1.39, 95% CI: 1.34-1.47), compared to the tropical zone (OR = 0.87; 95% CI:
0.71-10.8) and the arid zone (OR = 1.27; 95% CI: 1.19-1.36). Increased likelihood of EoE was
also associated with increasing odds of being in the cold climate zone. Compared to patients with
normal esophageal biopsies, patients with dysphagia, a clinical suspicion of EoE, no reflux or
Barrett’s esophagus, esophageal eosinophilia, and eosinophilic microabscesses had the highest
adjusted odds of being in a cold climate zone (OR 2.02; 1.78-2.28).
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Conclusions—Esophageal eosinophilia differs significantly between K-G climate zones, with
the highest prevalence in the cold and arid zones. Geographic and climate patterns may help
identify candidate antigens characteristic to high-prevalence areas to be targeted for future
investigation.
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Introduction

Eosinophilic esophagitis (EOE) is a chronic esophageal disease characterized by symptoms
of esophageal dysfunction and dense esophageal eosinophilia in the absence of other
etiologies (1, 2). Since its initial descriptions (3-5), both the incidence and prevalence of
EoE have rapidly increased, particularly in the last decade (6-10), and EoE is now frequently
found after endoscopic evaluation for esophageal symptoms (11-14).

Such dramatic epidemiologic shifts in a disease process are often associated with
environmental exposures (15), and because EoOE is frequently associated with atopy,
immunopathogenetic mechanisms may be operative (2, 16). Climatic factors are major
determinants of local flora, and consequently affect the airborne antigens to which a
population is exposed. In some allergic and autoimmune conditions such as eczema,
multiple sclerosis, and inflammatory bowel disease, poorly understood geographic factors
appear to impact the observed incidence and prevalence of disease (17-25). It is unknown
whether differences in geo-climatic factors could impact the prevalence of EoE.

The primary objective of this study was to determine the association between esophageal
eosinophilia and climate zones in the United States in a large set of esophageal biopsy
specimens. We hypothesized that there would be differences in the prevalence of esophageal
eosinophilia by climate zone. The secondary objective was to determine whether the same
associations would hold in patients suspected of having EoE.

Methods

Data Source

We conducted a cross-sectional study of all patients with esophageal biopsies examined
between January 1, 2008 and November 26, 2010 by pathologists at Caris Diagnostics, a
specialized pathology laboratory serving outpatient endoscopy and surgery centers
throughout the United States. Samples are reviewed from 43 states, D.C., and Puerto Rico,
with central specimen processing in one of three laboratories (Irving, Texas; Phoenix,
Arizona; Boston, Massachusetts) following identical sectioning and staining procedures. The
slides were originally reviewed for clinical purposes by sub-specialty trained gastrointestinal
pathologists using a standardized approach to specimen handling and diagnostic criteria. A
central database contains biopsy reports, demographic information (patient age and sex),
indication for esophagogastroduodenoscopy (EGD), and location of the gastroenterology
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practice where the procedure was performed. For this study, we used a de-identified
database of pre-existing records from unique patients with esophageal biopsies.

This study was approved by the Caris Institutional Review Board and the University of
North Carolina Institutional Review Board.

Study population

Cases were patients with esophageal eosinophilia on esophageal biopsy. By definition, cases
had histology demonstrating an epithelial infiltration of at least 15 eosinophils per high-
power field (eos/hpf), with or without eosinophilic microabscesses, and were identified by
two standardized codes used by Caris pathologists (26, 27). The first code was “active
esophagitis with increased intraepithelial eosinophils”, which indicated that a biopsy from
one location in the esophagus had at least 15 eos/hpf suggestive of EoE, but that there could
be other potential diagnostic considerations. The second was “eosinophilic esophagitis
pattern or injury”, which indicated the sample was consistent with EoE in the correct clinical
context (biopsies from at least two esophageal locations had > 15 eos/hpf, and other features
supporting EoE such as basal zone hyperplasia or eosinophilic microabscesses were also
present). Cases could have either of these two codes and were termed “esophageal
eosinophilia”.

Controls were defined as patients with normal esophageal biopsies with unremarkable
squamous mucosa. Specifically, controls had no evidence of pathologic processes or
esophageal eosinophilia, including reflux-associated eosinophilia, non-eosinophilic
inflammation of any type, epithelial erosion or ulceration, infection, intestinal metaplasia,
dysplasia, or neoplasia.

Other histologic characteristics of interest included a quantification of the severity of
esophageal eosinophilic density in ranges of eosinophils per high-power field (eos/hpf; 400
x with 22 mm oculars, equivalent to an area per hpf of 0.237 mm?), and the presence of
eosinophilic microabscesses (defined as clusters of = 4 contiguous eosinophils) (28).

Clinical characteristics of interest included selected upper gastrointestinal symptoms or
conditions as derived from the indication for endoscopy (ie: suspected EoE or dysphagia
symptoms).

The Kbéppen-Geiger Climate Zones

The main exposure was the Képpen-Geiger (K-G) climate class for the ZIP code in which
each individual patient in the study was evaluated and biopsied. The K-G system, based on
the work of Wladimir Képpen beginning in the late nineteenth century, is a widely used
climate classification scheme derived from temperature and precipitation observations.
Updated and modified versions of Képpen’s system, including a global climate map
produced in collaboration with Rudolf Geiger, are employed in a number of disciplines
seeking to regionalize climatic variables (29, 30). Because Kdppen used vegetation
distribution to identify and define the boundaries of climatic regions, the K-G classification
has an established link to natural vegetation patterns (31-33).
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The K-G scheme employs a three-letter system to classify and sub-classify geographic
locations into climate zones. The first letter represents a location’s main climate type:
tropical (A), arid (B), temperate (C), cold (D), or polar (E). A second letter is assigned based
on annual and monthly precipitation as well as seasonal precipitation variation: desert (W),
steppe (S), fully humid (f), dry summer (s), dry winter (w), or monsoonal (m). The majority
of zones also receive a third letter designation based on annual and monthly temperature
data: hot arid (h), cold arid (k), hot summer (a), warm summer (b), cool summer (c),
extremely continental (d), polar frost (F), or polar tundra (T) (Table 1) (30, 32).

For this study we used an updated version of the Képpen-Geiger world map formulated by
Kottek et al. in 2006 and based on data collected from 1951-2000 (30). This map divides the
world’s climate into thirty-one zones. Our study population is drawn from fourteen of
approximately twenty climate zones represented in the United States. Each patient was
assigned to a K-G zone using geographic information system techniques and Kottek’s
gridded map to link the ZIP code of each endoscopy center from which we received
esophageal biopsies to a specific K-G climate zone (30). Geographic information systems
are computer systems that integrate hardware, software, and data in order to capture, store,
analyze and display geographically referenced information (34, 35). A map of the K-G
zones in the United States is depicted in Figure 1 (33).

Statistical Analysis

To summarize the data, means and standard deviations were calculated for continuous
variables and proportions were calculated for categorical data. Bivariate analyses were
performed using Student’s t-test for continuous characteristics or Pearson’s chi-square for
categorical characteristics. Unadjusted odds ratios (ORs) and 95% confidence intervals (Cls)
were calculated to assess the association between case-control status and the main K-G
climate type (A: tropical, B: arid, C: temperate or D: cold; the U.S. does not include any
polar K-G zones). To adjust for potential confounders found on bivariate analysis,
multivariate analyses were performed using logistic regression. A backwards elimination
strategy was used to reduce the model, retaining those covariates whose removal would have
caused a change in estimate greater than 10%. The initial model contained age, sex,
dysphagia, abdominal pain, and reflux. Age was retained in the final model. Analyses were
performed with STATA (version 9.2, College Station, Texas).

In addition to this main analysis, we performed an a priori sensitivity analysis to further
explore the association between climate zone and an increasing clinical likelihood of EoE.
We began with patients who were unlikely to have EoE who had pathology consistent with
reflux esophagitis (defined as a mixed active/chronic inflammatory pattern with squamous
papillomatosis and basal hyperplasia, but without evidence of eosinophilia). We then applied
progressively restrictive limits on the presence of esophageal eosinophilia. First, we defined
a group termed “histologic eosinophilic esophagitis”. This was a subgroup of the esophageal
eosinophilia case group comprised of patients with at least 15 eos/hpf in two esophageal
biopsy locations and with findings that the pathologist felt were consistent with EoE in the
correct clinical context (as outlined above). We then restricted this group to those who also
had an EGD indication of dysphagia or clinical suspicion for EoE, and had no histologic

Am J Gastroenterol. Author manuscript; available in PMC 2015 October 02.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hurrell et al.

Results

Page 5

evidence of reflux esophagitis or Barrett’s esophagus. This definition was then further
limited to patients who also had eosinophilic microabscesses in the esophageal epithelium.

Finally, we performed an analysis of the proportion of patients with esophageal eosinophilia
in each climate zone as stratified by age range to determine if there was a cohort effect on
the observed associations.

Patient and biopsy characteristics

Over the study time frame, a total of 233,649 unique patients had esophageal biopsies with
interpretations (Table 2). The mean age was 55.8 years and 46.2% were male. The most
common indications for endoscopy were gastroesophageal reflux disease (GERD; 48.6%),
abdominal pain (32.9%) and dysphagia (22.6%). There were 26,982 (11.6%) patients who
underwent endoscopy for EoE suspected on a clinical basis. A total of 71,948 (30.8%)
patients had normal esophageal biopsies and comprised the control group. There were 9,995
(4.3%) patients who had “esophageal eosinophilia” and who comprised the main case group.
Of these, 7,156 (3.1%) had “histologic eosinophilic esophagitis”, indicating that the
examining pathologist thought that the histopathologic findings were consistent with EOE in
the correct clinical context.

Esophageal eosinophilia and climate zones

Fourteen climate zones throughout the United States were represented in this patient
population (Table 2), with the most patients in a temperate zone (72.6%), fewest in tropical
zones (1.4%), and the remainder in arid (11.5%) and cold (14.5%) zones. This distribution
of patients reflects the general distribution of K-G zones in the United States (Figure 1).
While the age and sex distributions of the overall study population were relatively similar
across climate zones (Table 3), there were some differences for symptoms. For example, in
the tropical zone, dysphagia was less common and nausea and abdominal pain were more
common than in the other zones (p < 0.001 for each).

As compared to patients with normal esophageal biopsies (Table 4), patients with
esophageal eosinophilia were younger (44.4 years vs 53.7 years, p < 0.001) and more likely
to be male (64.4% vs 35.5%, p < 0.001). They were also more likely to have dysphagia
(54.0% vs 24.6%, p < 0.001) or EoE suspected on a clinical basis (44.4% vs 18.6%).

The “cold” climate zone had the highest proportion of patients with esophageal eosinophilia
(4.8%) compared to the “tropical” zone (3.0%), the arid zone (4.3%), and the temperate zone
(4.2%; p < 0.001; Table 3). Using the temperate zone as the referent (Table 5), and after
performing multivariate analysis, the adjusted odds of esophageal eosinophilia were highest
in the cold climate zone (OR = 1.39, 95% CI: 1.34-1.47), compared to the tropical zone (OR
=0.87; 95% CI: 0.71-10.8) and the arid zone (OR = 1.27; 95% ClI: 1.19-1.36).

Increasing clinical suspicion of EoE was also associated with increasing odds of being in the
cold climate zone (Table 6). Compared to patients with normal esophageal biopsies, and
after performing multivariate analysis, patients with no suspicion of EoE and with reflux
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esophagitis on biopsy had minimally elevated adjusted odds of being in the cold climate
zone (OR =1.19; 95% CI: 1.16-1.23). Patients with “histologic eosinophilic esophagitis”
had increased adjusted odds of being in a cold climate zone (OR = 1.39; 95% CI 1.30-1.49).
This association was stronger when limited to those with dysphagia or a clinical suspicion of
EOE, no reflux or Barrett’s esophagus, and with eosinophilic microabscesses, (OR 2.02;
1.78-2.28). A similar but less strong association was seen for increasing clinical suspicion of
EoE and the arid climate zone, but not for the tropical zone.

There were also differences in prevalence of esophageal eosinophilia by climate zone when
stratified by age range (Figure 2). For ages 40 years and below, as compared to normal
esophageal biopsies, the prevalence of esophageal eosinophilia was again highest in the cold
climate zones, next highest in the arid zones, and lowest in the tropical zones. However,
after age 50, there were no substantial differences in the prevalence of esophageal
eosinophilia by climate zone.

Discussion

The epidemiology of EoE has evolved rapidly over the past decade with increasing
incidence and prevalence (1, 2, 6-14, 36, 37). While the true etiology is incompletely
understood, it seems likely that environmental factors are playing a role. For example, we
have recently described an inverse association between esophageal eosinophilia and
Helicobacter pylori (27), and others have identified specific food allergens or environmental
triggers (38-41).

In this study, we analyzed a national pathology database to determine whether the
prevalence of esophageal eosinophilia varied by Kdppen-Geiger climate zone, hypothesizing
that because climatic factors are major determinants of local flora, the subsequent airborne
antigens could trigger EoE at different rates. We found that esophageal eosinophilia was
strongly associated with cold climates, and, to a lesser extent, with arid climates. With
increasingly stringent case definitions approximating EoE on a clinical basis, the odds of a
cold or arid climate location also increased significantly, and this relationship help after
adjusting for potential confounding factors.

This relationship between climate and esophageal eosinophilia has not been reported
previously in the EoE literature. Several studies, however, have hinted at environmental
associations. For example, in an initial case report highlighting this association, a patient’s
esophageal eosinophil count was markedly increased during pollen seasons and normalized
when the pollen was not present (42). Since then, larger studies have confirmed a
relationship between aeroallergens and eosinophilic esophagitis in humans (41, 43), a
relationship that has been established as causal in a murine model of EoE (44, 45). Seasonal
variation has also been reported in multiple studies of EoE, a pattern that also argues for
possible environmental triggers (6, 9, 40, 41, 46, 47). Interestingly, in preliminary data
presented in abstract form from the same database used in this study, there was no clear
trend in seasonal variation (48).
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Other non-EoE allergic and autoimmune diseases have been found to have geographic
variation potentially impacted by climate. A north-south gradient has been repeatedly
reported for inflammatory bowel disease, though the underlying explanation for this finding
remains elusive (21-25). Similar gradients have also been reported for multiple sclerosis (19,
20) and type-1 diabetes (49), while geographic variation has been noted for eczema (17, 18).
Our findings that esophageal eosinophilia is increased in the cold and arid K-G climate
zones is consistent with this existing literature, and while the design of our study cannot
evaluate this, it is intriguing to hypothesize that certain flora might generate more potent
aeroallergens in these regions compared to the flora, for example, in the tropical zone. Other
potential hypotheses generated by our study could include differential use of air condition or
heating in the arid or cold climates, differences in immunization patterns, or gradients in
ultraviolet radiation exposure or vitamin D levels. Future studies which collect more
granular environmental, social, health, and vegetation data would be able to investigate these
hypotheses in more detail, using the associations presented here as a starting point.

It is also interesting to note that the difference in esophageal eosinophilia prevalence was
limited to those patients under the age of 40, and was most prominent in the youngest cohort
of patients. There are several potential explanations for this. First, during the last four
decades there could have been a new exposure introduced in all zones, but one that was
more common in the cold and arid zones than in the tropical zone. Second, perhaps place of
birth or location during early childhood is important, or younger people are more affected by
environmental factors. Third, this could represent detection bias, with increasing awareness
of EoE in younger people leading to increasing diagnosis. Finally, it is possible that climate
zone and geographic variation is lost in the older age ranges because people tend to move
more throughout the country, blunting the effect. However, it appears that while people
frequently change locations in the U.S., the majority tend to stay in the same county and the
proportion of people who move tends to decrease substantially after the age of 44 (50).
While our study design is observational in nature and does not allow conclusions to be
drawn about these issues, the findings are hypothesis generating and should form the basis
for future etiologic investigation of esophageal eosinophilia and EoE.

This study has several potential limitations. First, it is retrospective and cross-sectional, so
only associations can be described and no conclusions about causality can be inferred.
Second, given the data source, our main outcome was esophageal eosinophilia rather than
confirmed cases of EOE. However, because we recognized this possible drawback during the
design of the study, we were able to incorporate a sensitivity analysis to directly address this
issue. When we examined increasingly stringent case definitions of EOE which combined
histologic findings consistent with EoE and clinical symptoms to approximate a definitive
clinicopathologic diagnosis, the observed relationships were found to be stronger. Finally,
issues of confounding need to be considered. Patient race should be considered as a possible
confounding factor because esophageal eosinophilia was increased in regions where there is
a higher proportion of Caucasians, and it has been reported that EOE is more common in
Caucasians (2). While we cannot directly test this because racial data is not included in the
pathology database, several recent studies suggest that there are few differences in the
presentation of EOE between African-American and Caucasians,(13, 51-53) and that the
purported higher proportion of Caucasians with EoE might itself be due to the selection bias
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of the centers performing the studies.(53) In some centers located in areas with a large
African-American population, more than 40% of patients with EoE are African-American.
(13, 52) Another possible source of confounding is that the association between esophageal
eosinophilia and climate zone could simply be related to differences in practice patterns
between regions. However, this seems to be unlikely for empirically drawn climate (rather
than geopolitical) zones, and is minimized by the study design that required all patients to
have esophageal biopsies to be included, compared biopsies with esophageal eosinophilia to
normal specimens, and found that the results held after multivariable analysis. Because this
is a retrospective database analysis, we are limited in our ability to identify and account for
all potential confounders, and given that the absolute increase in the ORs was modest
(thought statistically significant), the results should be interpreted in this context.

In addition, the study has multiple strengths. The sample size is large and yields a
correspondingly large number of patients with esophageal eosinophilia. All biopsies were
rigorously and carefully characterized using standardized interpretation criteria with quality
checks routinely performed on a clinical basis, so there is little chance of misclassification of
esophageal eosinophilia case status. The choice of exposure, the K-G climate zone, is also a
strength. While there are simpler ways to divide the country, such as by U.S. census regions
(Northeast, Midwest, West, and South, with further subdivisions possible) or by states, the
K-G system is the most accurate indicator of climate and flora currently available, and is
widely used in atmospheric science and research (30, 32). Moreover, using regional- or
state-based grouping introduces artificial boundaries whereas climate zones can cross states
and regions and provide a more precise way to begin isolating the relationship between EoE
and unidentified environmental antigens. State-based grouping might also make biases
related to local practice patterns more prominent.

In conclusion, in this study of esophageal biopsies from a large U.S. national pathology
database, we found that esophageal eosinophilia differed significantly between K-G climate
zones, with the highest prevalence of cases in the cold and arid zones. Moreover, the
findings were stronger with increasingly restrictive clinical and pathologic definitions of
EoE. While the design of this study cannot speak directly to specific causative agents, it is
hypothesis generating. Differences in practice patterns, patient characteristics, and living
conditions may affect our findings and will need to be explored in future studies. However,
since the distribution of vegetation is an expression of climate, our results support the
possibility that exposure to airborne antigens may play a role in the etiology of EoE.
Geographic and climate patterns identified in this large patient population may help identify
candidate antigens characteristic to high-prevalence areas to be targeted for future
investigation.
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Figure 1.
Kdppen-Geiger (K-G) climate zones for the United States [adapted with permission from

Peel MC, Finlayson BL, McMahon TA. Updated world map of the Koppen-Geiger climate
classification. Hydrol Earth Syst Sci 2007;11:1633-1644]. The K-G scheme employs a
three-letter system to define climate zones. The first letter represents a location’s main
climate type: tropical (A), arid (B), temperate (C), cold (D), or polar (E). A second letter is
assigned based on precipitation: desert (W), steppe (S), fully humid (f), dry summer (s), dry
winter (w), or monsoonal (m). A third letter is designated based on temperature data: hot
arid (h), cold arid (k), hot summer (a), warm summer (b), cool summer (c), extremely
continental (d), polar frost (F), or polar tundra (T) (see also the supplemental table). The
U.S. has approximately 20 of the 31 defined world-wide climate zones, and the 14
represented by the study population are highlighted in the box.
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Figure 2.

Age cohort analysis by Képpen-Geiger climate zone for esophageal eosinophilia as
compared to normal biopsies. The largest differences were seen in those age of 40 and
under, with no substantial differences in prevalence of esophageal eosinophilia after age 50.
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Definitions and examples of Koppen-Geiger climate zones represented in the study population

Climate type and subclassifications

Representative city

A: Tropical climates; without frost, coolest month warmer than 65 F (18 C)
f: no dry season; rainfall throughout the year
m: pronounced wet season with short dry season
s: dry season
B: Arid climates; evaporation exceeds precipitation
S: semiarid climate (steppe); low annual rainfall  h: mild, warm winter
k: cool winter
W: arid climate (desert); minimal annual rainfall  h: mild, warm winter
k: cool winter
C: Temperate, subtropical climates; eight months or more that average warmer than 50 F (10 C)

f: no dry season; rainfall throughout the year a: average temperature of warmest month warmer than 72F

(22C)

b: average temperature of warmest month colder than 72 F
(220C)

s: dry season in summer a: average temperature of warmest month warmer than 72F

@22¢C

b: average temperature of warmest month colder than 72 F
(220C)

D: Cold, temperate forest climates; four to eight months that average warmer than 50 F (10 C)

f: no dry season; rainfall throughout the year a: average temperature of warmest month warmer than 72F
(

b: average temperature of warmest month colder than 72F
(22C)

c: fewer than four months warmer than 50 F (10 C)

Af: West Palm Beach, FL
Am: Miami, FL
As: Pearl City, HI

BSh: McAllen, TX
BSk: Los Angeles, CA
BWh: Phoenix, AZ
BWK: Las Vegas, NV

Cfa: Nashville, TN

Cfb: Beckley, WV

Csa: Oceanside, CA

Csb: San Jose, CA

Dfa: Chicago, IL

Dfb: Salt Lake City, UT

Dfc: Anchorage, AK

Adapted from Bailey R. Description of the ecoregions of the United States. U.S. Fish and Wildlife Service, United States. Forest Service, 1980, and
Kottek M, Grieser J, Beck C, Rudolf B, Rubel F. World map of the Kdppen-Geiger climate classification updated. Meteorol Z 2006;15:259-263.
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Table 2
Patient characteristics

Clinical Characteristics Esophageal Biopsies (n = 233,649)

Mean age = SD 55.8 £16.2

Males (n, %) 107,753 (46.2)

EGD indication (n, %)™
Suspected EoE 26,982 (11.6)
Dysphagia 52,787 (22.6)
GERD/heartburn 113,465 (48.6)
Barrett’s esophagus (screening or follow-up) 32,257 (13.8)
Abdominal pain/dyspepsia 76,935 (32.9)
Chest pain 9,566 (4.1)
Nausea 15,218 (6.5)
Vomiting 8,850 (3.8)
Weight loss 6,853 (2.9)
Failure-to-thrive 96 (0)

Histologic Characteristics (n, %)

Normal esophageal biopsies 71,948 (30.8)

Esophageal eosinophiliaJr 9,995 (4.3)

Histologic eosinophilic esophagitist 7,156 (3.1)

Eosinophilic microabscesses 2,448 (1.0)

Koppen-Geiger climate zones (n, %)#

All tropical 3,286 (1.4)
Tropical — fully humid (Af) 971 (0.4)
Tropical — monsoonal (Am) 1,977 (0.9)
Tropical — dry summer (As) 338 (0.1)

All arid 26,884 (11.5)
Hot arid steppe (BSh) 10,794 (4.6)
Cold arid steppe (BSk) 7,322 (3.1)
Hot arid desert (BWh) 3,952 (1.7)
Cold arid desert (BWK) 4,816 (2.1)

All temperate 169,695 (72.6)
Temperate — humid, hot summer (Cfa) 147,268 (63.0)
Temperate — humid, warm summer (Cfh) 154 (0.1)
Temperate — dry, hot summer (Csa) 7,684 (3.3)
Temperate — dry, warm summer (Csb) 14,589 (6.2)

All cold 33,784 (14.5)
Cold - humid, hot summer (Dfa) 16,554 (7.1)
Cold - humid, warm summer (Dfb) 15,262 (6.5)
Cold - humid, cool summer (Dfc) 1,968 (0.8)

*
Patients could have more than one indication for EGD.
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TAny esophageal eosinophilia indicates that the examining pathologist noted prominent esophageal eosinophilia, but does not require that the
findings were histologically consistent with EoE in the correct clinical context. This is the main case definition for this study.

iHistologic eosinophilic esophagitis indicates that the examining pathologist thought that the finding were histologically consistent with EoE in the
correct clinical context.

# . . . . .
Percentages total to 100% for the 4 main categories (tropical, arid, temperate, and cold), and total to 100% for the 14 subcategories; see the
supplemental table to specific definitions and examples of the climate zones.
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Table 4

Comparison of patients with esophageal eosinophilia and normal esophageal biopsies

Esophageal Eosinophilia (n =9,995) Normal Esophageal Biopsies (n = 71,948) p-value*
Mean age (+ SD) 444+16.1 53.7+17.0 <0.001
Male (n, %) 6,429 (64.4) 25,532 (35.5) <0.001
EGD indication (n, %)Jr
Suspected EoE 4,433 (44.4) 13,375 (18.6) <0.001
Dysphagia 5,392 (54.0) 17,727 (24.6) <0.001
GERD/heartburn 4,077 (40.8) 36,057 (50.1) <0.001
Abdominal pain/dyspepsia 2,315 (23.2) 27,308 (38.0) <0.001
Chest pain 314 (3.1) 4,485 (6.2) <0.001
Nausea 457 (4.6) 5,327 (7.4) <0.001
Vomiting 336 (3.4) 2,928 (4.1) 0.001
Weight loss 140 (1.4) 2,051 (2.8) <0.001
Failure-to-thrive 8(0.1) 57 (0.1) 0.98

*
Based on t-test for continuous variables and Pearson’s chi-square for categorical variables

TPatients could have more than one indication for EGD
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Table 5

Unadjusted and adjusted odds ratios for the association between any esophageal eosinophilia and Koppen-
Geiger climate zones

Esophageal eosinophilia  Normal esophageal biopsy =~ OR\aqj (95% CI) OR.q; (95% CI)*

Zone A — tropical 98 937 0.80 (0.65-0.98) 0.87 (0.71-1.08)
Zone B - arid 1,162 7,272 1.22 (1.14-1.30) 1.27 (1.19-1.36)
Zone C — temperate 7,118 54,341 1.00 (ref) 1.00 (ref)

Zone D - cold 1,617 9,398 1.31 (1.24-1.39) 1.39 (1.34-1.47)

*
Adjusted for age on multivariate analysis with logistic regression

Am J Gastroenterol. Author manuscript; available in PMC 2015 October 02.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Hurrell et al.

Table 6

Page 22

Adjusted odds ratios for the association between Kdppen-Geiger climate zones and increasing clinical

suspicion of EoE

Koppen-Geiger climate zones

A - tropical

B -arid

C - temperate

D - cold

Reflux esophagitis on biopsy*
Esophageal eosinophiliaT

Histologic eosinophilic esophagitisi

Histologic eosinophilic esophagitis, with dysphagia or clinical
suspicion for EoE, and no reflux or Barrett’s esophagus

Histologic eosinophilic esophagitis, with dysphagia or clinical
suspicion for EoE, and no reflux or Barrett’s esophagus, and
esophageal eosinophilic microabscess

1.22 (1.12-1.33)
0.87 (0.71-1.08)
0.80 (0.62-1.04)

0.72 (0.52-1.00)

0.71 (0.40-1.26)

1.43 (1.38-1.47)
1.27 (1.19-1.36)
1.27 (1.17-1.37)

1.32 (1.20-1.45)

1.65 (1.43-1.91)

1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)

1.00 (ref)

1.19 (1.16-1.23)
1.39 (1.31-1.47)
1.39 (1.30-1.49)

1.51 (1.39-1.63)

2.02 (1.78-2.28)

*
Reflux esophagitis was defined as defined as a mixed active/chronic inflammatory pattern with squamous papillomatosis and basal hyperplasia,

but without evidence of eosinophilia.

TEsophageal eosinophilia indicates that the examining pathologist noted prominent esophageal eosinophilia, but does not require that the findings
were histologically consistent with EOE in the correct clinical context. This is the main case definition for this study.

iHistologic eosinophilic esophagitis indicates that the examining pathologist thought that the finding were histologically consistent with EoE in the

correct clinical context.
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