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Abstract

Background While the environment contributes to EoE pathogenesis, few environmental risk factors for EoE have been
identified.

Aim To determine whether housing components such as exterior materials, heating systems, and house age are associated
with EoE.

Methods This case—control study used the UNC EoE clinicopathologic database to identify newly diagnosed EoE patients.
Controls were patients without EOE who underwent endoscopy during the study time frame. Housing data were collected
from publicly available online sources, and cases and controls were compared. The primary analysis was restricted to those
living at their provided address at the time of diagnostic endoscopy. Multivariable logistical regression estimated associa-
tions after adjusting for potential confounders.

Results Of 451 EoE cases and 2421 controls identified, the primary analysis included 158 cases and 769 controls. Compared
to controls, EoE cases were more likely to have a house with a brick exterior (35% vs 26%; p=0.04), gas heating (14% vs
8%; p=0.06), or forced air (57% vs 45%; p=0.009). In adjusted analysis, brick exterior was positively associated with EOE
diagnosis [aOR 1.83 (95% CI 1.11-3.02)]. The average duration a patient lived in their house before EoE diagnosis was
7.2+5.9 years, while symptom duration prior to diagnosis was 6.8 + 8.4 years.

Conclusion EoE patients were more likely to have houses with a brick exterior, forced air, or gas heating, and brick exteri-
ors were independently associated with EoE. Since symptoms generally started after moving into a house, housing-related
environmental exposures may contribute to EoE disease development.
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Introduction

Eosinophilic esophagitis (EoE) is a rare, chronic, allergic
disease with significant morbidity and financial burden [1,
2]. It presents with symptoms of esophageal dysfunction. In
children, this manifests as failure to thrive, abdominal pain,
and emesis, while the primary symptoms in adults include
dysphagia, food impaction, and heartburn [3, 4]. Endoscopic
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increases in incidence and prevalence over the past two dec-
ades that outpace any increases in diagnosis or detection [2, 6].
While some genetic predispositions have been identified [7],

Published online: 22 January 2020 @ Springer


http://orcid.org/0000-0003-1167-1101
http://crossmark.crossref.org/dialog/?doi=10.1007/s10620-020-06063-2&domain=pdf

Digestive Diseases and Sciences

the rising number of cases over a short period of time strongly
implicates changing environmental factors as etiologic. In fact,
this increase is also noted in other allergic conditions [8]. If
these factors are identified and can be removed, this provides
potential for treatment or prevention. For example, EoE is
believed to be triggered by food allergens in most patients,
allowing food elimination diets to serve as a non-pharmaco-
logical option for EoE treatment. While these diets can be
effective for improving symptoms [9], this is not always the
case, and response rates of symptoms, esophageal eosinophil
counts, and esophageal fibrosis and remodeling are not univer-
sal [10], so other environmental allergens may be implicated.
There are limited data on risk factors for EoE. While EoE is an
allergic disorder frequently caused by food allergens, the incit-
ing etiological trigger for EoE remains uncertain. Studies of
the genetics of EoE have identified several genetic susceptibil-
ity loci [11-15], but familial studies suggest that hereditability
only accounts for a small proportion of disease development
and environmental factors predominate [16]. Several prior
studies have begun to examine this issue. One hypothesized
environmental factor is geography, and a large case—control
study found a strong inverse association between EoE and
population density, with elevated odds of EoE in areas with
lower population density [17]. Another study found that EoE
prevalence differed between climate zones with the highest
prevalence being found in cold and arid climate zones [18].
There is also seasonal variation in EoE diagnosis suggesting
disease exacerbation from aeroallergens [19-21]. Early life
exposures such as Cesarean section or early antibiotic use have
also been hypothesized to contribute to the development of
EoE [22, 23]. In contrast, exposure to the bacterium Helico-
bacter pylori has been inversely associated with EoE [8]. Spe-
cific environmental factors that could contribute to the increase
in EoE remain unknown.

Because these prior studies have not disentangled the rela-
tionships between environmental allergens and EoE, further
study in this area is needed to create both a better understand-
ing of disease pathology as well as potentially guiding treat-
ment decisions. One possible, though not yet investigated,
source of allergen exposure is in the household. Building mate-
rials introduce the potential for chronic exposure to toxicants,
heavy metals, and other risk factors such as mold in the home,
but these have not been examined in EoE [24-27]. Therefore,
the aim of this study was to determine whether there is an
association with specific housing components such as exterior
materials, heating systems, and house age with EoE.
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Methods
Study Design and Population

This was a case—control study conducted using the Univer-
sity of North Carolina EoE Clinicopathologic database from
2001 to 2014, details of which have previously been reported
[28-30]. The study was approved by the UNC Institutional
Review Board. EoE cases were eligible if they had a new (inci-
dent) diagnosis of EoE per consensus guidelines at the time of
this study design and conduct. The diagnostic criteria at the
time of the study design included the following: symptoms
related to esophageal dysfunction, eosinophilic inflammation
on biopsy with> 15 eosinophils per high-power field (2—4
biopsies both proximal and distal were recommended), per-
sistent eosinophilia on biopsy after a trial with PPI, and exclu-
sion of secondary causes of esophageal eosinophilia [3, 31].
Controls were patients undergoing endoscopy with esophageal
biopsy during the same time frame, who did not have EoE. Of
note, patients with Barrett’s esophagus referred for ablation
were also included in the overall control group to adequately
reflect UNC’s catchment area and specialty referral patterns
for esophageal diseases throughout North Carolina.

Data Collection

Demographic data were extracted from the medical record.
In particular, the recorded address at the time of endoscopy
(which was the address used for both clinical and billing pur-
poses) was considered the address of record. We extracted resi-
dential exposure data from several sources. Data regarding tax
values of homes and length of residence were retrospectively
extracted from public tax records. Other housing characteris-
tics and exposures were collected from online publicly avail-
able resources (e.g., Zillow) using standardized case report
forms. These exposures included exterior materials (brick,
wood, stone, vinyl, or other), heating types (forced air, cen-
tral, gas, electric, or heat pump), date of original construction
(which was further dichotomized at 1978 when leaded house-
hold paint was banned), presence of a fireplace (gas or wood
burning), and square footage. We were not able to accurately
determine water source from publicly available resources, so
this could not be included as an exposure. Also, apartments
and properties listed as rentals were not included in the pri-
mary study as tax records did not provide information regard-
ing time of residence for renters, so the primary analysis was
primarily reflective of home owners.
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Statistical Analysis

The population for the primary analysis included only
subjects whose address listed on the electronic medical
record was the address at the time of their EoE diagnostic
endoscopy. This was defined by a date of purchase of the
residence prior to the date of endoscopy and North Caro-
lina property tax records were used as an aid to confirm
residence. A secondary analysis used all cases and con-
trols regardless of whether their current address was the
same as their residence at the time of diagnostic endos-
copy. Bivariate analysis was performed to identify differ-
ences between the case and control groups using the two-
sample ¢ test to compare means and the Chi-square test
to compare proportions, as appropriate. Those variables
in which the bivariate analysis demonstrated p <0.1 were
included in a multivariable logistic regression model to
estimate odds ratios (ORs) and 95% confidence intervals
(CIs) after adjusting for potential confounding factors.
Analyses were performed using Stata (College Station,
TX).

Results

The primary analysis restricted subjects to those living
in their residence at the time of EoE diagnosis or endos-
copy. There were 158 EoE cases and 769 controls identi-
fied who met this criterion. Of the EoE cases, 68% were
male and 32% female. The average age of EoE cases was
significantly less than that of the control group (30.9 vs
52.2 years; p<0.001). A larger proportion of EoE cases had
private health insurance than the control group (76% vs 54%;
p<0.001) (Table 1).

The proportion of houses built before 1978 was similar
for cases and controls (23% vs 26%; p <0.37). Houses for
EoE cases were larger on average than endoscopy controls
(2415 sqft+1090 vs 2244 sqft+1071), but this did not reach
statistical significance (p =0.07). There was no significant
difference in lot size, tax-assessed value, or presence of a
fireplace between EoE cases and controls (Table 1).

Compared to controls, EoE cases were more likely to
have a house with a brick exterior (35% vs 26%; p=0.04),

Table 1 Demographic and housing characteristic of EoE cases and non-EoE controls, limited to those subjects living at their current residence at

the time of EoE diagnosis or endoscopy performance

Characteristic EoE (n=158) Controls (n=769) P
Age (mean years +SD) 309+17.3 522+15.6 <0.001
Male (n, %) 108 (68) 309 (40) <0.001
White (n, %) 123 (79) 592 (77) 0.83
Insurance (n, %) <0.001
Private 116 (76) 417 (54)
Medicare 3(2) 202 (26)
Medicaid 15 (10) 63 (8)
Military 14 (9) 38 (5)
Self-pay/uninsured 43 48 (6)
House built before 1978 (n, %) (cases n=157; control n="750) 36 (23) 198 (26) 0.37
Square feet (mean + SD) (cases n=155; control n=748) 2415+ 1090 2244 +1071 0.07
Lot size in acres (mean + SD) (cases n = 149; control n=705) 1.3+4.3 1.2+2.7 0.72
Tax-assessed value (mean $ + SD) (cases n=93; control n=420) 320,167 +£261,740 280,954 +261,029 0.19
Single family home (n, %) (cases n=158; control n=764) 151 (96) 691 (90) 0.38
Exterior type
‘Wood (cases n=126; control n=542) 36 (29) 138 (25) 0.47
Brick (cases n=128; control n=552) 45 (35) 144 (26) 0.04
Stone (cases n=124; control n=537) 7 (6) 38 (7) 0.57
Vinyl (cases n=126; control n=>538) 12 (10) 49 (9) 0.88
Heating type
Gas (cases n=125; control n=542) 17 (14) 44 (8) 0.06
Electric (cases n=125; control n=>535) 11 (9) 36 (7) 0.42
Forced air (cases n=135; control n=574) 77 (57) 258 (45) 0.009
Heat pump (cases n=125; control n=>564) 27 (22) 145 (26) 0.34
Central (cases n=124; control n=554) 12 (10) 66 (12) 0.48
Fireplace (n, %) (cases n=138; control n=632) 15(11) 76 (12) 0.70
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gas heating (14% vs 8%; p=0.06), or forced air (57% vs
45%; p=0.009). In adjusted analysis, brick exterior was
positively associated with EoE diagnosis [aOR 1.83 (95%
CI 1.11-3.02)]. Gas and forced air heating were also posi-
tively associated with EoE after multivariable analysis, but
the 95% confidence intervals crossed 1. [aOR 1.56 (95%
CI 0.75-3.24) and 1.44 (95% CI 0.91-2.27), respectively;
Table 2]. The average duration a patient lived in their house
before EoE diagnosis was 7.2 years+5.9. The average
length of symptoms a patient reported prior to diagnosis
was 6.8 years + 8.4.

Table 2 Multivariate logistic regression analysis, limited to those
subjects living at their current residence at the time of EoE diagnosis
or endoscopy performance

Characteristic OR 95% C1 aOR? 95% CI

Brick 1.54 1.02-2.31 1.83 1.11-3.02
Gas 1.78 0.98-3.24 1.56 0.75-3.24
Forced air 1.65 1.13-2.41 1.44 0.91-2.27

? Adjusted for age, sex, race, insurance, and house size (in square feet)

In the secondary analysis, which analyzed all cases
regardless of whether they lived in their address pro-
vided by the medical record at the time of diagnosis,
there were 451 EoE cases and 2411 controls. The pro-
portion of houses built before 1978 was significantly less
in EoE cases than controls (26% vs 34%; p=0.002), and
the square footage of the houses was also significantly
greater in EoE cases than controls (2307 + 1024 sqft vs
2155+ 1277 sqft; p=0.04) (Table 3). In this analysis,
there was not a significant difference in the proportion
of houses with brick exteriors from cases compared to
controls. Gas (21% vs 12%; p <0.001), forced air (56%
vs 46%, p=0.002), and central heating (20% vs 15%;
p=0.04) were seen in a greater proportion of EoE cases
than controls. Gas was positively associated with an EoE
diagnosis in adjusted analysis [aOR 1.93 (1.24-3.01)].
Forced air and central heating were also positively asso-
ciated with EoE after multivariable analysis but the 95%
confidence intervals crossed 1 [aOR 1.27 (0.92-1.77) and
1.18 (0.76-1.83), respectively; Table 4].

Table 3 Secondary analysis of demographic and housing characteristic of the entire study population of EoE cases and non-EoE controls

Characteristic

EoE (n=451) Controls (n=2411) P

Age (mean years + SD) 31.2+18.0 53.6+17.9 <0.001
Male (n, %) 317 (71) 952 (40) <0.001
White (n, %) 343 (78) 1810 (75) 0.10
Insurance (n, %) <0.001

Private 297 (69) 1113 (46)

Medicare 16 (4) 720 (30)

Medicaid 67 (16) 293 (12)

Military 34 (8) 83 (3)

Self-pay/uninsured 190 (9) 192 (8)
House built before 1978 (n, %) (cases n=324; control n=1645) 83 (26) 564 (34) 0.002
Square feet (mean + SD) (cases n=325; control n=1651) 2307 +1024 2155+1277 0.04
Lot size in acres (mean + SD) (cases n=306; control n=1537) 1.6+4.1 2.4+9.7 0.15
Tax-assessed value (mean $ + SD) (cases n=172; control n=947) 286,000 + 228,000 251,445+ 245,809 0.09
Single family home (n, %) (cases n=335; control n=1708) 310 (93) 1512 (89) 0.27
Exterior type

‘Wood (cases n=256; control n=1165) 68 (27) 273 (23) 0.29

Brick (cases n=264; control n=1196) 78 (30) 359 (30) 0.88

Stone (cases n=253; control n=1153) 17 (7) 82 (7) 0.83

Vinyl (cases n=258; control n=1163) 35 (14) 134 (12) 0.36
Heating type

Gas (cases n=258; control n=1175) 52 (21) 137 (12) <0.001

Electric (cases n=256; control n=1154) 31 (12) 102 (9) 0.11

Forced air (cases n=277; control n=1257) 155 (56) 575 (46) 0.002

Heat pump (cases n=255; control n=1204) 61 (24) 307 (26) 0.60

Central (cases n=260; control n=1190) 53 (20) 181 (15) 0.04
Fireplace (1, %) (cases n=281; control n=1340) 242 (86) 210 (16) 0.45
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Table 4 Secondary multivariate logistic regression analysis of the
entire study population of EoE cases and non-EoE controls

Characteristic OR 95% CI aOR? 95% CI

Gas 2.01 1.41-2.84 1.93 1.24-3.01
Forced air 1.51 1.15-1.96 1.27 0.92-1.77
Central 1.43 1.02-2.01 1.18 0.76-1.83

#Adjusted for age, sex, race, insurance, and house size (in square feet)

Discussion

The rapid increase in incidence of EoE is not solely due
to increased detection and not easily explained by genetic
changes [6, 32]. Environmental triggers are therefore
strongly hypothesized to play a critical role in the increas-
ing emergence of this disease. However, the relationship
between EoE and potential etiologic environmental fac-
tors has not yet been fully elucidated. Our study aimed to
examine the relationship between housing components and
EoE diagnosis, hypothesizing that certain housing materials
might predispose to EoE. We found that EoE patients were
more likely to have houses with a brick exterior, forced air,
or gas heating, and brick exteriors were independently asso-
ciated with EoE. The secondary analysis, which consisted
of a less restricted population, found that EoE patients were
more likely to have houses with gas, forced air, and cen-
tral heating, and gas heating was independently associated
with EoE. Notably, the time a patient lived in a house was
similar but slightly longer than patient-reported symptom
duration prior to the time of diagnosis. This provides a pos-
sible temporal association between a new exposure and pre-
sumptive disease onset, suggesting that local housing-related
environmental exposures could contribute to EoE disease
development. Many of the negative findings in our study
also contribute to the current body of knowledge regarding
risk factors for EoE, as many of the housing components
analyzed were similar between cases and controls.

While EoE is an allergic disorder frequently caused
by food allergens, the inciting etiological trigger for EoE
remains uncertain. Prior studies have shown links between
EoE and pollen season, climate zones, and aeroallergens,
population density, and early life exposures [17-21, 23, 33].
While other atopic diseases, such as asthma, are strongly
linked to indoor environmental exposures such as mold,
humidity, housing quality, smoking, and pets [34-37], our
study is the first to assess aspects of household exposures
in EoE. Though the results are preliminary and will require
confirmation with more granular data such as direct collec-
tion of household samples and paired biosamples from EoE
cases and controls, our results and the timing of symptoms
in relation to living in a residence suggests that EoE triggers
could be related to the household environment.

There are several limitations to this study. First is the
potential for misclassification of data, specifically those col-
lected from online databases. Since the accuracy of the data
on public websites is not available, there is the potential that
data collected about the housing exposures were misclassi-
fied. However, if misclassification did occur, this is likely to
be non-differential with respect to case versus control and
would bias our results toward the null. Secondly, there were
limitations to the study design. It is a retrospective study and
thus does not have the ability to control for a full spectrum of
confounders as prospective study designs do. Additionally,
by only including homeowners in this study, there could be
some degree of socioeconomic selection bias. Interestingly,
Franciosi et al. [38] showed that after controlling for race
demographic data did not differ between EoE cases and con-
trols, so this selection bias may not alter the results of the
study. Another limitation is that our associations are some-
what ecologic and do not establish causality. While we have
a sense of the general exposure, we do not know the specific
building materials used, age of heating systems, whether
these were maintained properly, if there were other factors
that might influence household exposures, or if there were
any changes made to the house that were not reflected in the
publicly available data. We also did not have the ability to
collect biosamples which would determine which specific
components of brick, forced air, and gas heating are related
to EoE and the mechanism through which they act. Future
research in this area could also look at other household irri-
tants such as mold, pests, and household humidity, as well
as specific toxicants that might be contained in the building
materials. The data presented in this study and the hypoth-
eses generated here can help guide future study designs.
External generalizability could also have limited the util-
ity of this study, as patterns of construction materials and
heating sources vary widely in different locations, and our
sample was restricted to building patterns in North Carolina.
However, the prevalence of EoE also differs geographically.
Epidemiological studies have shown that the prevalence of
EoE to be significantly lower in Japan than in Western coun-
tries [39]. Interestingly, the traditional Japanese house uses
primarily wood as the construction material rather than the
clay bricks that our study found to be independently associ-
ated with EoE. This raises another hypothesis to investigate
in future studies.

This study also has significant strengths. An extensive
and rigorously constructed database was used that allowed
for analysis of a large group of cases as well as an appro-
priate control group. This study was also strengthened by
limiting the primary analysis to those living at their houses
at or before the time of EoE diagnosis, to have a temporally
appropriate analysis. The secondary analysis did not require
patients to currently live at the address in which they lived
when their incident EoE diagnosis was made. The results
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of the secondary analysis were intended to supplement and
strengthen the primary analysis; however, given that it was
a more inclusive population, it is not surprising that the
secondary analysis did not produce the same results as the
primary analysis. Future studies could examine residence
at time of symptom onset providing an even more precise
picture of environmental triggers.

In conclusion, this study is the first examining the rela-
tionship between housing components and EoE. We found
that EoE risk is positively associated with gas and forced
air heating systems and independently associated with brick
exteriors. In addition, the length of time from symptom
onset to diagnostic endoscopy was similar to but shorter than
the average duration a patient lived in their house before
EoE diagnosis, lending further strength and the appropriate
temporality to these associations. Overall, this suggests that
local housing-related environmental exposures may contrib-
ute to EoFE disease development. Because housing compo-
nents have not yet been investigated as risk factors for EoE,
this study provides the basis for hypothesis generation for
further research to more specifically elucidate the nature of
this relationship.
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