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Abstract Go to:

Objectives Go to:

Variation in the prevalence of eosinophilic gastrointestinal diseases
in different geographical regions has not been extensively studied.
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The aim of the present study was to define the regional and national
prevalence of eosinophilic gastrointestinal diseases, and differences
in practice approaches.

Patients and Methods Go to:

We administered a survey electronically to members of the
American College of Gastroenterology, the American Academy of
Allergy, Asthma, and Immunology, and the North American Society
Pediatric Gastroenterology, Hepatology, and Nutrition. Questions
pertained to the number and proportion of patients seen with
eosinophilic gastroenteritis or colitis and eosinophilic esophagitis
(EoE), and methods used to diagnose and treat these conditions.

Results Go to:

A total of 1836 physicians responded from 10,874 requests (17%
response). Extrapolating responses from our US sample, we
estimated an overall prevalence of 52 and 28/100,000 for EoE and
eosinophilic gastroenteritis or colitis. The patient burden of EoE is
higher in urban (0.58) and suburban (0.44) compared with rural
settings (0.36, P <0.0065), observations consistent with other
allergic disorders. There was also increased prevalence in northeast
region when calculated by prevalence per 100,000. There was
considerable variability in criteria and initial treatment options used
to diagnose EoE. Only one-third of respondents reported using
diagnostic criteria proposed ina 2007 consensus document.
Seventy-one and 35% of respondents reported treating some patients
with EoE with a food elimination or elemental diet, respectively.

Conclusions Go to:

EoE is diagnosed more often in northeastern states and urban areas.
There is considerable variability in diagnostic criteria and initial
treatment approach supporting the need for additional clinical trials
and consensus development.

Keywords: eosinophilic esophagitis, eosinophilic gastrointestinal
disease, prevalence, treatment options

Eosinophilic gastrointestinal diseases (EGIDs) are increasingly
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described disorders that include eosinophilic esophagitis (EoE),
eosinophilic gastroenteritis (EG), and eosinophilic colitis (EC).
Optimal methods to diagnose and care for patients with these
conditions remain incompletely defined. As a result, there continues
to be variability in clinical practice, the extent of which has not been
well studied (1).

The diagnosis of EoE depends in part upon demonstration of
esophageal eosinophilia, but diagnostic criteria have varied across
different reports, especially as they pertain to the minimal number of
eosinophils and the extent to which gastroesophageal reflux disease
(GERD) was excluded (1,2). A panel of experts proposed
consensus recommendations in 2007, which included the
demonstration of >15 eosinophils in at least 1 high-power field
(HPF) despite treatment with a proton pump inhibitor (PPI) or
exclusion of GERD by ambulatory pH monitoring (2). Whether the
proposed criteria have been adopted in clinical practice is unknown.
In addition, how adjunctive allergy testing, also suggested in the
guideline, is used is also uncertain.

Similarly, the guideline suggested management options for these
disorders, which included dietary and pharmacological approaches
used alone or in combination. How these options are used in clinical
practice has not been extensively evaluated. Among the EGIDs,
EoE has become increasingly prevalent based on studies in the
United States, Switzerland, and Australia (3—6). EoE has been
reported throughout the world including most of Europe, Canada,
the United States, Japan, Australia, New Zealand, Turkey, Israel, and
China (7-16). The increasing prevalence is likely due to increased
recognition and an increasing incidence, although there have been
limited studies. Several other immune and allergic disorders such as
asthma and atopic dermatitis have demonstrated variation in
prevalence across geographical regions, but such an association
has not been evaluated for EoE (17-22).

To better understand practice variability in diagnosis and
management and regional prevalence, we conducted an international
survey with a primary focus on the United States, targeting
physicians in adult and pediatric gastroenterology and allergy-
immunology because these groups are most likely to provide care
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for patients with EGIDs.

MATERIALS AND METHODS Go to:

Survey

An electronic survey (Survey Monkey, Portland, OR) was sent via
e-mail invitation (and 2 reminders) to all of the physician members of
the American Academy of Allergy, Asthma, and Immunology (N =
3621), the American College of Gastroenterology (n = 5789), and
the North American Society of Pediatric Gastroenterology,
Hepatology, and Nutrition (NASPGHAN) (n = 1423). These
societies represent the large specialty societies for both private
practice and academic allergist-immunologists (Als) and
gastroenterologists.

Survey questions pertained to diagnostic criteria, management
options, and proportion of patients with EGIDs seen in practice
(Supplemental Digital Content Figure 1,
http://links . Iww.com/MP G/A20). The study was reviewed and
approved by the institutional review board of The Children’s

Hospital of Philadelphia and by the participating societies. We
limited our analysis to responses from the United States because of
the relatively small number of respondents in other countries.

Statistical Analysis

Summary and descriptive statistics were generated stratifying
responses according to specialty and geographical location. Data
were analyzed using SAS 9.13 (SAS Institute Inc, Cary, NC). Chi
square and Mantel-Haenszel X2 tests and logistic regression

analyses were used to calculate the P value and odds ratio.

The prevalence of EGIDs in the population was estimated by
extrapolating responses from question 3, which pertained to the
number of patients seen with EGIDs in the last year. The point
estimate for each respondent was estimated to be the midpoint of the
response range. For example, a value of 5 was assigned for those
who responded in the O to 10 range. We assumed that responses
were representative of a national distribution of responses for
pediatric and adult gastroenterologists and therefore multiplied the
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mean values for each specialty by the number of specialists. The
numbers of pediatric gastrointestinal (GI) and adult GI physicians
were obtained from the American Medical Association and
American Osteopathic Association as 860 and 13,233, respectively.
We restricted the analysis to pediatric and adult gastroenterologists
(and excluded allergists) to avoid counting patients managed by
both gastroenterologists and allergists twice. We also assumed that
patients would not be seen exclusively by allergists.

We then divided the total number of patients by the US population to
provide an estimate of overall prevalence. We made no adjustment
for the specific diagnostic criteria used by each respondent, and thus
the estimates are not based on standardized criteria but rather on the
opinions of respondents and/or local criteria. However, for
comparison we performed exploratory analysis based on
respondents that used 2007 consensus criteria.

To estimate what proportion of patients in gastroenterology or
allergy practices have EGIDs, we used questions 2 and 3, which
pertained to the number of patients with EGIDs seen in the last year
and the total number of patients seen in a typical week (termed
patient burden). The point estimate for each respondent was
estimated to be the midpoint of the response range. For example,
respondents who checked that they see 1 to 25 patients per week
were assigned a point estimate of 12.5. The relative proportion of
patients with EGIDs was then estimated by dividing the point
estimate for each EGID by the point estimate for total patients as the
patient burden. The estimate for each respondent was estimated to be
the midpoint of the response range. For example, respondents who
checked that they see 1 to 25 patients per week were assigned a point
estimate of 12.5. The relative proportion of patients with EGIDs was
then estimated by dividing the point estimate for each EGID by the
point estimate for total patients as the patient burden. We examined
state-by-state prevalence by using the midpoint for the number of
patients seen per year. This value was summed for each physician
per state and averaged. The average value was multiplied by the
number of gastroenterologists per state, and prevalence was
calculated by dividing by the state population per 2008 US census
data (Supplemental Digital Content Table E2,
http://links . Ilww.com/MP G/A20). We also examined whether the
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prevalence of EGIDs was higher in northern compared with southern
states as well as the relative distribution in 4 regions (northeast,
south, midwest, and west) or 8 regions (New England, Middle
Atlantic, South Atlantic, East North Central, East South Central,
West South Central, West North Central, Mountain, and Pacific) as
previously described (Supplemental Digital Content,
http://links . Iww.com/MP G/A20, for state assignments) (22). The
definitions of regions were formerly used in the analysis of disease

distribution for other allergic disorders (23).

RESULTS Go to:

A total of 1836 physicians responded from a total of 10,874
requests (17% response). Respondents represented 57 countries and
all 50 states in the United States (1402 GI and Al respondents).
Response rates varied from 10% for adult GI to 24% for pediatric GI
and Al (Table 1). A total of 35 respondents described their specialty
as “other” and were therefore excluded from all of the analysis.

TABLE 1

Response from US survey


#SD1
#
#R22
#R23
#
#

Group No. response (% oftotal)

Allergy-immunology 866/3621 (23%)
Pediatric GI 333/1423 (23%)

Adult GI 602/5789 (10%)
Total 1801/11,033 (16%)
Total US respondents 1836 (35 others*)
Academic 661 (41%)

Private practice 960 (59%)

Total 1621 (180 with no response)
Urban 891 (56%)
Suburban 656 (41%)

Rural 62 (4%)

Total 1616 (185 with no response)

*Were not included in the analysis.

Respondents described their practice settings as private practice
(60%) or academic practice (40%). Most respondents practiced in
urban (56 %) or suburban areas (41%). The range of years in practice
varied; 41% had been in practice for >14 years, whereas 26 % had
been in practice for <5 years, with the remainder in between. The
proportion of respondents varied minimally across regions ranging
from 8.8% to 16.7% for allergists, 21.9% to 34.5% for pediatric
gastroenterologists, and 4.7% to 10.3% for adult
gastroenterologists, with 89 of the 106 regional comparisons being

not significantly different for the response rate (Supplemental Digital
Content Table E1, http://links.Ilww.com/MP G/A20).

Diagnostic Criteria

Possible choices for a response to the question on diagnostic
criteria for EOE were based on criteria most commonly used in the
published literature. The “correct” choice was based on criteria
proposed in a 2007 consensus statement (2). Overall, only 35% of
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respondents picked the consensus criteria; responses were similar
among Al, pediatric GI, and adult GI (33%, 35%, and 31%,
respectively). The youngest physicians (<5 years of experience)
were significantly more likely to identify the correct response
compared with the most experienced (>15 years) physicians (39 vs
29%, P <0.05).

Treatment Options

We examined the proportion of patients with EOE treated with
various options for first-line therapy. Options included PPI,
swallowed corticosteroids, swallowed corticosteroids with PPI,
oral corticosteroids, leukotriene modifiers, elimination diet,
elemental diet, dietary therapy with PPI, dietary therapy with
swallowed corticosteroids, or other. The question pertained to the
relative use of these approaches as first-line therapy rather than the
choice of therapies in specific subgroups of patients (eg, those who
failed a previous approach, those who had undergone allergy
testing).

There was large variability across treatment options that was not
explained by specialty, years of practice, or location of practice.
Swallowed corticosteroids plus a PPI (44%) or an elimination diet
(39%) were the most common choices for first-line therapy
consistent with published data and consensus opinion (Table 2) (2).
The use of a PPI alone as first-line therapy was high, with 25% of
responders using PPI only most or all of the time, indicating that
some physicians are only treating sy mptomatically and are not
treating the underlying inflammation. There was no difference in the
use of PPIs alone as initial therapy for EOE between those using
>15 or >20 eosinophils/HPF as a diagnostic cutoff (P = 0.50;
Cochran-Mantel-Haenszel test)

TABLE 2

First-line therapy for EoE (add denominators)


#
#R2

All (% of Most (% of

Therapy responses) responses)
PPI only 221 (13) 197 (12)
Swallowed corticosteroids 115 (7) 289 (18)
Swallowed corticosteroids + 178 (11) 497 (31)
PPI

Leukotriene inhibitors 31(2) 67 (4)
Elimination diet 181 (11) 288 (18)
Systemic corticosteroids 11(1) 27 (2)
Elemental diet 11(1) 50 (3)
Dietary therapy + swallowed 61(3) 251 (16)
corticosteroids

Dietary therapy + PPI 65(4) 133 (8)
Other 704) 16 (1)

Percentage of response on individual therapeutic options based on
4 choices (all, most, some, ornone). EOE = eosinophilic
esophagitis; PPI = proton pump inhibitors.

Dietary therapy was not used as first-line therapy in many patients,
despite evidence of its effectiveness in children (24). The most
common reason that Al and pediatric GI did not use dietary therapy
was a concern about compliance whereas among adult GI, it was
“insufficient scientific data.” Overall 41% of Al reported using
dietary therapy as a first-line approach (data not shown).

Allergy Testing

We examined the preference for allergy testing for EOE and EG-EC
among Al. Skin prick test was used for allergen determination in
95% of patients, specific immunoglobulin E 62%, atopy patch test
36%, other 7%, and none 1% for patients with EoE. Allergists
performed significantly more tests for EOE compared with EG-EC
patients (86 % for skin prick test, 57% for specific immunoglobulin
E, 26 % for atopy patch test, 9% for other, and 7% for none; P
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<0.01).

Referral to Allergy-Immunology

Forty-six percent of adult GI and pediatric GI refer to Al either most
or all of the time for patients with EOE and EG. Academic adult GI
or pediatric GI referred to Al significantly more often than those in
private practice (55% vs 38%; P <0.0001). There was significantly
less referral to Al among rural GI physicians compared with urban
and suburban physicians (P <0.004). In addition, pediatric GIs were
significantly more likely to refer to allergy than adult GI (74% vs
31%; P <0.0001).

Prevalence

The estimated average number of patients seen by each specialty is
reported in Table 3. Pediatric GI saw significantly more patients
with EoE and EG-EC compared with adult GI or AIl. We estimated
that the overall prevalence of EoE in the United States is
52/100,000 population, whereas the estimated prevalence of EG-EC
is 28/100,000 population. This prevalence was based on patients
seen in adult GI and pediatric GI. If the prevalence was based on
patients seen by Al only, then the calculation is 22/100,000 for
EoE and 2/100,000 for EG-EC. We did not attempt to make similar
estimates in other countries because of the relatively small number
of respondents in each country. The prevalence based on the
physicians that used the consensus diagnostic criteria is not
significantly different at 47/100,000.

TABLE 3

Estimated prevalence for EGID


#

B JOYINY

L] Jot

Average no.

Average no. .
patients seen per

patients seen per

year-EG-EC
year-EoE (range)
(range)
Pediatric GI 20.2 (12.4-27.3) 8.9 (3.2-13.8)
Adult GI 10.7 (4.7-15.7) 5.9 (0.7-10.1)
Estimate of US 158,705 (72,332 85,281 (12,040—
patients 231,224) 145,677)
Prevalence/100,000  52.2(23.8-76.1) 28.1(4.0-48.0)

EG-EC = eosinophilic gastroenteritis or colitis; EGID = eosinophilic
gastrointestinal disease; EOE = eosmophilic esophagitis.

There were significant differences in the number of patients with
EGIDs as examined by patient burden seen in urban, suburban, and
rural areas after adjusting for academic, private practice, and
geographical region factors. There was no significant difference in
the number of patients seen in private versus academic centers (
Table 4).

TABLE 4

Regional differences for patient with EGID burden


#

EoE EG-E(

Patients/y, Odds Patients/y,
Patient ratio for Patie
mean burden suburban mean burde
(range) D), P* (range)
Urban 134 (7.6— 0.58 0.78 7.2 (2.8— 0.31
20.9) (0.74- 12.9)
0.82), P
<0.001
Suburban  13.7 (7.9- 044 1 6.7 (2.3— 0.21:
21.1) 12.1)
Rural 10.5 (5.3- 0.36 1.12 5.2 (1.2- 0.18.
16.8) (1.02—- 10.2)
1.23), P
<0.01
4 | A

Open in a separate window

CI = confidence interval; EG-EC = eosinophilic gastroenteritis or
colitis; EGID = eosinophilic gastrointestinal disease; EoE =

eosinophilic esophagitis.

* . . . . . .
Logistic regression after correcting for academic practices.

We also calculated prevalence by 100,000 for each individual state
based on the assumption that patients were diagnosed by
gastroenterologists and not by Al (Fig. 1A and B). Middle Atlantic
and New England states have the highest prevalence (P <0.05) for
EoE (Fig. 2A). On examination of 4 regions, the northeast has a

significantly higher prevalence (P <0.03) (Fig. 2B). The prevalence
of EG-EC was significantly higher in the Middle Atlantic (for 8

regions) and northeastern regions (for 4 regions) compared with
other regions (Fig. 3A. B).
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FIGURE 1

A, Distribution of EoE in US regions. B, Distribution of EG-EC in the
United States. Prevalence based on physician response cormrected
for the number of physician per state and state population. EG-EC =
eosimnophilic gastroenteritis or colitis; EOE = eosinophilic

esophagitis.
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FIGURE 2

Distribution of EoE in the United States. Prevalence based on
physician response corrected for the number of physician per state
and state population. States divided into 9 regions (A) or4 regions
(B) based on previous studies (12,13). EOE = eosimnophilic
esophagitis.
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FIGURE 3

Distribution of EG-EC in the United States. Prevalence based on
physician response corrected for the number of physicians per state
and state population. States divided into 9 regions (A) or4 regions
(B) based on previous studies (22,23). EG-EC = eosinophilic

gastroenteritis or colitis.

DISCUSSION Go to:

We have performed the largest US-based survey focusing on
EGIDs, which has helped quantify practice variability and provide
estimates for the prevalence of these disorders and their regional
variation.

We estimated that the prevalence of EoE in the United States is
52/100,000, whereas the prevalence of EG-EC is 28/100,000,
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suggesting that there are 158,000 people with EoE and 85,000 with
EG-EC. The prevalence based on patients seen by Al only is much
lower because adult GI and pediatric GI make the initial diagnosis
and often do not refer to Al for evaluation. A number of previous
studies have also provided population-based prevalence estimates.
Ronkainen et al (25) performed endoscopy in a random sample of
adults in Sweden. They found a prevalence of EoE of 400/100,000
when the diagnosis was based on >20 eosinophils/HPF, and
1100/100,000 when it was based on >10 eosinophils/HPF; an
important limitation was that GERD had not been excluded and most
subjects were asymptomatic. Gill et al (26), in review of their cases
of EoE from 1995 to 2004, found a prevalence of 7.3/100,000 in
their population in West Virginia. Noel et al (3) found a prevalence
0f 43.6/100,000 in the Cincinnati region. Straumann and Simon (27)
found a prevalence of 23/100,000 in study of adults in Switzerland.
In a report from Olmsted County Minnesota, the prevalence was
estimated to be 55/100,000 in 2006 (28), which is nearly identical
to our current estimate.

Multiple factors may account for differences among studies,
including methods of data collection and case definitions. However,
they may also be related to regional variation in disease burden as
suggested by our findings. Nevertheless, the approach we took in
deriving our estimates has several limitations. We used the midpoint
of the distribution in each response to provide a point estimate, an
approach that may not account for potentially relevant variations
within the range. However, the approach was used consistently for
comparisons across regions, supporting the validity of the
differences we observed. Furthermore, we also calculated a range
with minimum and maximum values based on the highest and lowest
value in each group for EoE and EG-EC (Table 3).

Other potential pitfalls of our approach include response bias and
misclassification of cases. One possibility is that only physicians
who were interested in EGIDs responded; however, 60% of the
responders indicated that they saw only 1 to 9 new EGID patients
per year, making this error unlikely. We could not determine whether
some responders classified patients as having EGIDs who may have
had other disorders. Nevertheless, such misclassification would
likely have occurred consistently across the regions and provider
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types examined, supporting the validity of the comparisons. Another
potential pitfall is that some respondents may not have interpreted
the prevalence questions as pertaining to unique patients and thereby
counted patients more than once. However, such an interpretation of
the prevalence questions is unlikely, as underscored by the
similarity of our estimates with previously published population-

The overall response rate to the survey was 17%, which is similar to
previous electronic surveys in the allergy-immunology literature
(29-32). Nevertheless, there remains the possibility that responders
differed from the overall pool of eligible providers. It is also
possible that patients can be seen by multiple GI physicians and
duplicate in our survey. However, we asked responders to identify
“unique” patients and second-opinion patients should not have been
considered. A post hoc review of the questionnaire with physicians
indicated that they would not include a second opinion as a new
patient.

We examined adoption of the consensus diagnostic criteria for EOE
(2). Only one-third of physicians selected the consensus definition,
whereas an additional 39% picked more stringent criteria on 20
eosinophils/HPF. This suggests that they may be missing a small
population of EoE patients, which indicates that our estimate
prevalence is lower than the actual prevalence. On the contrary, 16%
of physicians based the diagnosis on 24 eosinophils/HPF without
the need for pretreatment of PPI, potentially leading patients with
GERD to be misclassified as EoE. The varying responses
underscore the need for additional studies to validate diagnostic
criteria and to disseminate the findings.

The treatment options varied for EOE and EG-EC, with no clear
preference among physicians. Thus, responses were consistent with
the consensus statement, which did not strongly recommend one
approach or another (2). For example, dietary therapy has the
highest reported success rate of 95% in children (24) with the use of
elemental formulas. Elimination diets based on allergy testing
(33,34) or removal of 6 common food groups (35) also have a high
success rate of 70% to 80%; however, dietary therapy has not been
studied on a large scale in adults. Drawbacks of the dietary
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approach include difficulty with compliance and a decrease in
quality of life from the restricted diet.

For the physicians sampled, only 29 % reported that they used
dietary approaches as first-line therapy for most or all of their
patients. Als were more likely to use dietary approaches as first-line
therapy compared with pediatric GI or adult GI. This may be
explained by the observation that Al are accustomed to dealing with
food allergies and restrictive diets. Among those who did not
choose dietary therapy as a first-line approach, the most common
reasons were family preference, insufficient data, management
issues, and compliance. The most common reason cited for adult GI
was lack of sufficient data, whereas the most common reason for
pediatric GI was family preference.

Swallowed corticosteroids were most commonly used; 44% of
respondents used them in combination with a PPI probably due to
the inclusion of Al in the survey. The response rate to swallowed
corticosteroids has varied from 50% to 90% depending on the study
design, medication, and dose (36—40). The response rate to oral
steroids is close to 100% (24). A previous survey of 249 pediatric
and adult GI found that 59 % of pediatric GI and 73% of adult GI use
topical corticosteroids as first-line therapy (41), which is
approximately our rate of 66 % in the GI community (53% pediatrics
and 83% adults).

The rate of referral to Al varied by region and also by type of
specialist, adult versus pediatric GI. The low rate of referral in the
rural regions may be partly due to decreased access to Al in rural
areas. However, the reason for a low rate of referral in adult
compared with pediatric GI is unclear because both adults and
children have a high rate (>75%) of concomitant allergies (42,43).

We detected a significant increase in EoE and EG-EC in urban
populations (EE-13.4, EG-EC-7.2 patients/y ear) compared with rural
populations (EoE-7.2, EG-EC-5.2) (Table 4). The increase in
disease prevalence in urban populations is a common feature of
atopic diseases (18,19,44.,45).

We also observed an increase in EOE and EG-EC in the northern
states compared with the southern states, in particular northeastern
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and Middle Atlantic states. There are several potential reasons for
these geographical differences. The recent finding of north versus
south gradient for the use of epinephrine emergency devices
suggests a role for vitamin D (23) in allergic diseases. Several other
epidemiological studies have also suggested a role for low vitamin
D levels in the increase in atopic diseases (17,46,47). An alternative
albeit less likely explanation may be regional differences in genetic
predisposition (48) (Supplemental Digital Content Figure E2,
http://links.lww.com/MP G/A20) or differences in response rates.

In summary, this survey of adult and pediatric GI and Al examined
the prevalence, distribution, and practice styles for EOE and EG-EC.
The variability in diagnostic and treatment approaches underscores
the urgent need for additional clinical trials, consensus development,
and education. The epidemiological findings suggest geographical
variation in disease prevalence in the United States. Additional
studies are needed to confirm these observations and clarify the
disease burden within and outside the United States.
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