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ABSTRACT

Background: Interest in a biopsy-sparing diagnosis of coeliac disease in adults is growing.

Aims: To develop and prospectively validate a non-invasive diagnostic strategy for adults with suspected coeliac disease based
on clinical features and endomysial antibodies (EmA).

Methods: We retrospectively enrolled adults investigated for coeliac disease with EmA and duodenal biopsy between January
2000 and December 2021 in cohort 1 and stratified according to age at presentation (< 45years; >45years) and alarm symptoms.
We evaluated diagnostic outcomes and accuracy of EmA. A prospective validation cohort was enrolled between Jan-2022 and
Dec-2023 (cohort 2).

Results: Cohort 1 included 972 patients (641 F, mean age 42 +16); cohort 2 included 214 patients (145F, 43 £18). In cohort 1,
35.4% were diagnosed with coeliac disease and 1.5% with non-coeliac enteropathies. Of the coeliac disease diagnoses, 173 (50.3%)
were in patients <45 years old without alarm symptoms. No concomitant major organic disorders were diagnosed in patients
with coeliac disease. EmA diagnostic accuracy was 99.1% (97.4% sensitivity; 100% specificity and PPV). Regarding non-coeliac
enteropathies, 87% were diagnosed among the 139 patients aged > 45 years old with alarm symptoms and negative EmA. No non-
coeliac enteropathies were diagnosed in patients without alarm symptoms. Findings were confirmed in cohort 2.

Conclusions: Low-risk adult patients could have been safely diagnosed with coeliac disease non-invasively based on EmA with-
out endoscopy and duodenal biopsy. Older patients with alarm symptoms should undergo endoscopy with duodenal biopsy to
avoid missing non-coeliac enteropathies. Further validation of our results is necessary.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
© 2025 The Author(s). Alimentary Pharmacology & Therapeutics published by John Wiley & Sons Ltd.
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1 | Introduction

Chronic enteropathies characterised by villous atrophy in
adults include coeliac disease and non-coeliac enteropathies.
Coeliac disease is a chronic immune-mediated enteropathy
triggered by gluten in genetically predisposed individuals
[1-4] which has a prevalence of approximately 1% in the gen-
eral population of western countries [5]. It is characterised by
specific circulating antibodies and is clinically heterogeneous,
ranging from a severe malabsorption syndrome to mild extra-
intestinal symptoms, or even asymptomatic cases detected by
screening [1-4]. Non-coeliac enteropathies are rare disorders
of various aetiologies including autoimmune enteropathy,
common-variable immune deficiency, infectious and iatro-
genic causes and are characterised clinically by severe mal-
absorption due to villous atrophy [6]. They are unrelated to
gluten consumption and lack coeliac antibodies, posing a dif-
ficult differential diagnosis with seronegative coeliac disease,
a rare form of coeliac disease [1-4, 6].

In adults, current guidelines recommend that coeliac disease
should be diagnosed in adults based on positive IgA tissue trans-
glutaminase antibodies (TTA)/endomysial antibodies (EmA) and
a certain degree of villous atrophy on duodenal biopsies while the
patient is on a gluten-containing diet [1-4]. On the contrary, in a
paediatric setting, a no-biopsy diagnostic approach has been ad-
opted for selected patients since 2012 based on TTA levels > 10x
the upper limit of normality [7, 8]. There has recently been great
interest in potentially implementing a no-biopsy strategy also in
adults and many studies, mainly focusing on TTA, have shown
promising results [9-26]. Moreover, a recent meta-analysis found
that TTA > 10X upper limit of normal have a specificity of 100%
and a PPV of 98% in an adult secondary care setting [27], reach-
ing very similar specificity to EmA [28].

However, this has not yet led to widespread adoption of a no-
biopsy strategy in adults [1-4], barring a few exceptions, such as
the Finnish national guidelines [29], which already allow for a no-
biopsy strategy in adults, and the 2020 interim guidance by the
British Society of Gastroenterology, which allowed a no-biopsy
diagnosis in selected cases during the COVID-19 pandemic [30].

Nevertheless, biopsy-sparing diagnosis of coeliac disease in
adults has some issues. Firstly, seronegative coeliac disease and
non-coeliac enteropathies cannot be diagnosed without a biopsy,
and differential diagnosis can be very challenging. Moreover,
there are concerns about missing concomitant organic patholo-
gies in coeliac patients or synchronous malignant complications
of coeliac disease, although this has been shown to be extremely
rare [31, 32], with these complications developing mainly in pa-
tients diagnosed in older adulthood (>45years) [33, 34]. Finally,
symptoms of coeliac disease in adult patients overlap signifi-
cantly with those of many other gastrointestinal conditions, in-
cluding malignancies and many patients with suspected coeliac
disease require upper endoscopy not only for duodenal biopsy to
confirm/exclude coeliac disease but also to rule out other condi-
tions unrelated to coeliac disease.

Over the last 20years at our centre, we have followed a standard
diagnostic approach for patients with a suspicion of coeliac disease
based on IgA EmA testing at our laboratory and duodenal biopsy

while on a gluten-containing diet. We aimed to retrospectively de-
velop and prospectively validate on a separate cohort a non-invasive
diagnostic strategy for coeliac disease based on patient clinical fea-
tures and EmA to guide clinicians in identifying patients at low
risk for non-coeliac enteropathies/comorbid pathology who can be
safely studied non-invasively for suspected coeliac disease versus
high-risk patients in need of upper GI endoscopy and duodenal bi-
opsy. Secondarily, we also aimed to estimate the fraction of patients
with a suspicion of coeliac disease or other chronic enteropathies
who could safely avoid undergoing duodenal biopsy.

2 | Patients and Methods
2.1 | Study Design, Setting and Study Population

This is a single-centre observational study consisting of two co-
horts. Cohort 1 (the study cohort) consists of consecutive adult
patients (age >18years) tested with both IgA EmA and upper
endoscopy with duodenal biopsy at our centre while on a gluten
containing diet (GCD) for a suspicion of chronic enteropathies
between January 2000 and December 2021 and retrospectively
enrolled. Any patients who did not undergo testing with IgA
EmA at our laboratory and duodenal biopsy at our endoscopy
unit were excluded from cohort 1.

Cohort 2 (the validation cohort) consisted of consecutive patients
prospectively evaluated at our centre in whom there was suspi-
cion of coeliac disease or other chronic enteropathies between
January 2022 and December 2023. Patients who were tested se-
rologically for coeliac disease and/or referred for duodenal bi-
opsy were included.

To avoid potential biases, we excluded from both cohorts all
patients referred from other centres for confirmation or re-
evaluation of a previous diagnosis of coeliac disease/non-coeliac
enteropathies, for suspected refractory/complicated coeliac
disease, and any patients who had already started a GFD and
needed to be re-evaluated after gluten challenge.

2.2 | Diagnostic Testing for Coeliac Disease

IgA EmA were detected on monkey oesophagus/jejunum sections
using an indirect immunofluorescence kit (INOVA diagnostics,
San Diego, CA). An EmA titre >1:5 was considered positive. We
have previously shown EmA to have excellent diagnostic accu-
racy in our hands, which is substantially similar to TTA [35]. Total
serum immunoglobulins were tested to exclude immunoglobulin
deficiencies, which may give false negative results. During upper
endoscopy, at least four biopsies were taken from the second por-
tion of the duodenum, oriented on nitrate-cellulose paper and
subsequently formalin-fixed, paraffin embedded, and cut perpen-
dicularly to the luminal surface for histological evaluation.

2.3 | Diagnostic Criteria for Coeliac Disease
and Non-Coeliac Enteropathies

We specify that over the last 20years at our centre we have
been adopting the policy of routinely performing IgA EmA in
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all patients with suspicion of chronic enteropathies on a serum
sample taken the same day as diagnostic upper GI endoscopy
with duodenal biopsy. Moreover, duodenal specimens are care-
fully oriented in order to avoid pitfalls due to incorrect process-
ing of duodenal biopsies.

Diagnosis of conventional seropositive coeliac disease was
made based on a certain degree of villous atrophy on correctly-
oriented biopsies from the second portion of the duodenum and
positive IgA EmA [1-4]. Diagnosis of seronegative coeliac dis-
ease was made after exclusion of all other possible causes of vil-
lous atrophy with negative coeliac serology and confirmed by
histological recovery of villous atrophy on a GFD [6, 36]. Serum
IgA levels were tested in all patients and, in case of total IgA
deficiency, IgG EmA were tested. If positive, this was considered
supportive of a diagnosis of coeliac disease. HLA DQ2/DQ8 fur-
ther supported the diagnosis of seronegative coeliac disease and
coeliac disease + IgA deficiency [6, 36]. Potential coeliac disease
was diagnosed in patients with positive EmA but no evidence of
villous atrophy on duodenal biopsies [1-4].

Diagnosis of non-coeliac enteropathies was made in accordance
with specific criteria for each disorder. Diagnosis of autoimmune
enteropathy was based on persistent severe villous atrophy and
malabsorption not responsive to a GFD and positive enterocyte
antibodies [6, 36]. Common variable immune deficiency was diag-
nosed in accordance with international diagnostic criteria [6, 36].
Tatrogenic enteropathies were diagnosed in patients with a sugges-
tive pharmacological history, observation of clinical/histological
response following drug withdrawal, and after exclusion of other
causes of villous atrophy [6]. Infectious enteropathy was diagnosed
in patients with villous atrophy due to an infectious agent [6, 36].
Diagnosis of small bowel lymphomas and small bowel carcinomas
was based on a combination of imaging tests (abdominal CT/MRI/
PET) and histopathology [6]. Diagnosis of Whipple's disease was
made based on a finding of PAS-positive diastase resistant foamy
macrophage infiltration of the duodenal lamina propria [37].
Patients with persistent seronegative villous atrophy in whom all
other causes of villous atrophy were excluded after extensive in-
vestigations were considered to be affected by a form of persistent
idiopathic villous atrophy [6]. Finally, patients with normal duode-
nal villous architecture and negative EmA were considered not to
be affected by enteropathy.

2.4 | Clinical Risk Stratification for Need
of Invasive Evaluation

We evaluated diagnostic outcomes according to EmA results,
age at presentation (<45 vs. >45years) and presence of alarm
symptoms, which are major risk factors for organic gastroin-
testinal disorders and complications of coeliac disease [33].
The age threshold of 45years was selected based on previous
research indicating a substantially increased risk of complica-
tions in coeliac disease patients diagnosed after this age [34]. For
the purposes of this study, we considered alarm symptoms to
be the following: weight loss, anaemia of any type, dysphagia,
recurrent vomiting, symptoms awaking patients at night, fever
and a family history of gastrointestinal cancer. Final diagnoses
reached were then compared based on EmA results, age at pre-
sentation and presence of alarm symptoms.

2.5 | Data Collection

For all enrolled patients the following data were retrospectively
collected from clinical notes: age at enrolment (diagnostic du-
odenal biopsy), sex, presenting symptoms (including alarm
symptoms), medical and family history, laboratory test results
including EmA, TTA and serum immunoglobulins, upper GI
endoscopy findings and duodenal histology, and, if available,
HLA-DQ typing.

2.6 | Ethics

The study was conducted in accordance with the Declaration
of Helsinki (6th revision, 2008). All diagnostic procedures were
performed as part of routine clinical practice. The study proto-
col was approved by the Ethics Committee of IRCCS Pavia, ICS
Maugeri, Pavia, Italy (protocol number 2381 CE, approved on 14
January 2020).

2.7 | Statistical Analysis

Statistical analysis was performed using R version 4.3.1 (R Core
Team (2022). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org/). Categorical vari-
ables were summarised as total counts and percentages and
compared among groups with Fisher's exact test. Continuous
variables were summarised as mean and standard deviation
(SD) or median and interquartile range (IQR), as appropriate.
Continuous variables were compared among groups using
the unequal variances t-test, the Mann-Whitney U test, the
Kruskal-Wallis test or one-way ANOVA, as appropriate. Post
hoc pairwise comparisons were adjusted for multiplicity using
the Benjamini-Hochberg false discovery method. The diagnos-
tic accuracy, sensitivity, specificity, positive predictive value
and negative predictive value of EmA were calculated with 95%
confidence intervals (95% CI). Two-sided p-values <0.05 were
considered statistically significant for all analyses.

3 | Results

The flowchart in Figure 1 shows patients included and ex-
cluded from cohort 1 (the study cohort) and reasons for exclu-
sion. Overall, 972 patients (641 F, mean age 42+ 16 years) were
included in cohort 1. Baseline clinical and demographic fea-
tures of patients in cohort 1 are shown in Table 1. The majority
of patients were investigated due to gastrointestinal symptoms
such as diarrhoea (41.9%), weight loss (26.0%), abdominal pain
(29.7%) and dyspepsia (27.8%) or other signs of malabsorption
such as anaemia (19.3%). A minority had a family history of co-
eliac disease (13.4%) or had associated autoimmune conditions
(7.5%).

After all investigations, different forms of coeliac disease were di-
agnosed in 344 patients (35.4%), non-coeliac enteropathies were
diagnosed in 15 patients (1.7%) and enteropathy was excluded in
the remaining 613 patients (62.9%). More precisely, among the 344
coeliac patients, 296 had conventional seropositive coeliac disease,
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2830 duodenal biopsies performed between January 2000
and December 2021

—'{ 1374 follow-up duodenal biopsies excluded

1456 patients underwent diagnostic duodenal biopsy
between January 2000 and December 2021

484 patients excluded

.| - patients <18 years old

- patients already on a GFD/undergoing gluten challenge
- patients not tested for EmA at our laboratory

972 adult patients tested with EmA and duodenal biopsy
enrolled in the study cohort

FIGURE1 | Flowchart showing patients included and excluded from the study cohort and reasons for exclusion. EmA, endomysial antibodies;
GFD, gluten-free diet.

TABLE1 | Clinical characteristics of patients overall and comparison according to final diagnosis.

Coeliac Non-coeliac
disease® enteropathies® No enteropathy
All patients N=972 N=344 N=15 N=613 P

Age, years (mean + SD) 42+16 3613 59+14 45+16 <0.001
Sex, F (%) 641 (65.8%) 231 (67.2%) 6 (40.0%) 404 (65.9%) 0.10
Diarrhoea (%) 379 (41.6%) 102 (30.9%) 11 (73.3%) 268 (47.4%) <0.001
Weight loss (%) 229 (25.1%) 56 (17.0%) 13 (86.7%) 167 (29.6%) <0.001
Anaemia (%) 171 (18.8%) 81 (24.5%) 6 (40.0%) 89 (15.8%) <0.01
Abdominal pain (%) 266 (29.2%) 69 (20.9%) 4(26.7%) 197 (34.9%) <0.001
Dyspepsia (%) 248 (27.2%) 50 (15.2%) 5(33.3%) 198 (35.0%) <0.001
Dermatitis herpetiformis (%) 31 (3.4%) 31 (9.4%) 0 (0.0%) 0 (0.0%) <0.001
Autoimmune conditions (%) 68 (7.5%) 28 (8.5%) 1(6.7%) 39 (6.9%) 0.63
First degree family history of 123 (13.5%) 70 (21.1%) 0(0.0%) 52(9.2%) <0.001
coeliac disease (%)
Immunosuppressive drug 20 (2.1%) 5(1.4%) 2(11.8%) 13 (2.1%) 0.048
treatment (%)
Hospitalisation (%) 83 (8.5%) 10 (2.9%) 9 (52.9%) 64 (10.4%) <0.001
Positive EmA (%) 335 (34.4%) 335 (97.4%) 0 (0.0%) 0 (0.0%) <0.001
Immunoglobulin deficiency 5(0.5%) 3(0.9%) 2 (13.3%) 0(0.0%) 0.04
(%)
Villous atrophy at duodenal 316 (32.4%) 302 (87.8%) 13 (86.7%) 0(0.0%) <0.001
biopsy (%)

Abbreviations: EmA, endomysial antibodies; F, female; SD, standard deviation.

aIncludes 296 patients with conventional seropositive coeliac disease, 42 with potential coeliac disease, 3 with coeliac disease + total IgA deficiency and 3 with
seronegative coeliac disease.

bIncludes 6 patients with drug-related enteropathies (5 due to angiotensin receptor blockers, 1 due to immune checkpoint inhibitors), 4 patients with intestinal
lymphomas unrelated to coeliac disease (3 T-cell, 1 B-cell), 1 patient with common variable immune deficiency, 2 patients with Whipple's disease, 1 with infectious
enteropathy, and 3 with idiopathic villous atrophy.
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42 had potential coeliac disease, 3 had coeliac disease + total IgA
deficiency and 3 had seronegative coeliac disease. Conversely, the
15 patients with non-coeliac enteropathies included 6 patients
with drug-related enteropathies (5 due to ARBs, 1 due to immune
checkpoint inhibitors), 3 patients with intestinal lymphomas unre-
lated to coeliac disease (2 T-cell, 1 B-cell), 1 patient with common
variable immune deficiency, 1 patient with Whipple's disease, 1
with infectious enteropathy and 3 with idiopathic villous atrophy.

3.1 | Endomysial Antibodies Testing

Table 2 summarises data on the diagnostic performance of EmA
for diagnosis of coeliac disease in cohort 1. Overall, in cohort 1,
335 patients had positive IgA EmA and 637 had negative IgA
EmA. All the 335 patients with positive EmA had either conven-
tional seropositive coeliac disease (293 patients) or potential co-
eliac disease (42 patients). Among the 637 patients with negative
IgA EmA, 9 had coeliac disease, of which 3 had total IgA defi-
ciency, 3 had seronegative coeliac disease and 3 had false neg-
ative EmA results (TTA were positive). Overall, the diagnostic
accuracy of EmA for coeliac disease was 99.1% (95% CI 98.2%-
99.6%), the sensitivity of EmA was 97.4% (95% CI 95.1%-98.8%)
and the specificity was 100% (95% CI 99.1%-100%). The positive
predictive value of EmA for coeliac disease was 100% (95% CI
98.4%-100%) while the negative predictive value of EmA for co-
eliac disease was 98.6% (95% CI 97.3%-99.4%).

3.2 | Diagnostic Outcomes According to Clinical
Features and Endomysial Antibodies Results

Table 3 shows a comparison of overall clinical features and diag-
nostic outcomes according to patient age at presentation (<45years
vs. >45years) and presence of alarm symptoms. Overall, all pa-
tients with positive EmA were diagnosed with coeliac disease and
none of the patients diagnosed with coeliac disease had any con-
comitant major organic gastrointestinal disorders or complications

TABLE 2 | Diagnostic performance of endomysial antibodies for the
diagnosis of coeliac disease in the study cohort (cohort 1).

Study cohort (cohort
1) total N=972
True positives (%) 3352 (34.4%)
False positives (%) 0(0%)
True negatives (%) 628 (64.6%)
False negatives (%) 9 (0.9%)°

Overall accuracy (95% CI) 99.1% (98.2%-99.6%)

Sensitivity (95% CI) 97.4% (95.1%-98.8%)
Specificity (95% CI) 100% (99.1%-100%)
100% (98.4%-100%)

98.6% (97.3%-99.4%)

Positive predictive value (95% CI)

Negative predictive value (95% CI)

Includes 42 patients diagnosed with potential coeliac disease.

YThree patients had total IgA deficiency, Three had seronegative coeliac
disease and Three had false negative endomysial antibody results (tissue
transglutaminase antibodies were positive).

of coeliac disease at the time of diagnosis, regardless of age at pre-
sentation or presence of alarm symptoms.

Secondly, as shown in Figure 2, most coeliac disease diagnoses
(173/344, 50.2%) were made in patients <45years without alarm
symptoms. Moreover, only a minority of patients diagnosed
with coeliac disease were >45years old at presentation (78/344,
22.7%). On the contrary, the large majority of non-coeliac en-
teropathies (13/15, 86.7%) were diagnosed among patients
>45years old with alarm symptoms at presentation. None of
the patients diagnosed with non-coeliac enteropathies had pos-
itive EmA. When considering only the 139 patients >45years
old with alarm symptoms and negative EmA, the prevalence of
non-coeliac enteropathies was 13/139 (9.4%). No patients were
diagnosed with non-coeliac enteropathies among those under
45years of age without alarm symptoms. Finally, of the three
patients diagnosed with seronegative coeliac disease, one was
<45years old at diagnosis and was diagnosed due to dermatitis
herpetiformis, while the other two patients were >45years old
(one with alarm symptoms, the other without).

3.3 | Need for Invasive Evaluation According to
Clinical Characteristics and Serological Results

EmA positive patients all had coeliac disease and none had con-
comitant major gastrointestinal organic disorders or complications
of coeliac disease. This remained the case regardless of age at pre-
sentation or presence of alarm symptoms, suggesting that invasive
evaluation for confirmation of coeliac disease diagnosis or exclu-
sion of concomitant pathology in patients with positive IgA EmA
is of limited value. On the contrary, we found a high prevalence of
non-coeliac enteropathies (13/139, 9.4%) in patients presenting at
age >45years with alarm symptoms and negative EmA. This also
included malignant intestinal lymphomas, so upper GI endoscopy
with duodenal biopsy in this group of patients is absolutely neces-
sary to rule out non-coeliac enteropathies and malignancies.

Finally, it is noteworthy that two patients with non-coeliac en-
teropathies had low-titre positive TTA but negative EmA. One
of them had olmesartan enteropathy with excellent clinical and
histological response to olmesartan withdrawal, while the other
was diagnosed with idiopathic villous atrophy after showing no
clinical/histological response to a GFD and exclusion of other
causes. Therefore, patients with low-titre positive TTA but nega-
tive EmA should be carefully investigated and require upper GI
endoscopy and duodenal biopsy to avoid diagnostic errors.

3.4 | Prospective Validation on Cohort 2

Overall, 214 patients (145F, mean age 43 +18) were included
in cohort 2. The main reasons for suspecting coeliac disease in
these patients included diarrhoea (61.2%), weight loss (21.5%),
anaemia (13.1%), associated autoimmune conditions (15.0%)
and a family history of coeliac disease (8.9%). In 160/214 (74.8%)
screening for coeliac disease with IgA TTA was performed and
was negative, and no further investigations for enteropathy were
performed in these patients. The remaining 54 patients (25.2%)
were further investigated for enteropathy and underwent upper
GI endoscopy with duodenal biopsy and IgA EmA testing at
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TABLE 3 | Comparison of the clinical features and final diagnoses reached according to age at presentation and presence of alarm symptoms in

cohort 1.

Age <45years (N=588)

Age >45years (N=384)

With alarm With alarm
Without alarm symptoms Without alarm symptoms
symptoms (N =359) (N=229) symptoms (N =213) (N=171) P

Age, years (mean = SD) 32+8 32+8 58+10 60+11 <0.001
Sex, F (%) 228 (63.5%) 180 (78.6%) 126 (59.2%) 107 (62.6%) <0.001
Diarrhoea (%) 126 (39.1%) 91 (39.7%) 88 (46.8%) 76 (44.4%) 0.288
Weight loss (%) 0 (0.0%) 123 (53.7%) 0 (0.0%) 114 (66.7%) <0.001
Anaemia (%) 0 (0.0%) 106 (46.3%) 0(0.0%) 70 (40.9%) <0.001
Abdominal pain (%) 99 (30.7%) 69 (30.1%) 54 (28.7%) 48 (28.1%) 0.926
Dyspepsia (%) 86 (26.7%) 53 (23.1%) 62 (33.0%) 52 (30.4%) 0.123
Dermatitis herpetiformis 21 (6.5%) 4(1.7%) 52.7%) 1 (0.6%) <0.01
(%)
Autoimmune conditions 28 (8.7%) 10 (4.4%) 18 (9.6%) 12 (7.0%) 0.14
(%)
1st degree family history 63 (19.6%) 17 (7.4%) 29 (15.4%) 13 (7.6%) <0.001
of coeliac disease (%)
Dysphagia (%) 0 (0.0%) 3(1.3%) 0 (0.0%) 3(1.8%) 0.02
Recurrent vomiting (%) 0(0.0%) 24 (10.5%) 0(0.0%) 11 (6.4%) <0.001
Fever (%) 0(0.0%) 3(1.3%) 0(0.0%) 5(2.9%) <0.01
Family history of 0(0.0%) 3(1.3%) 0(0.0%) 6 (3.5%) 0.001
gastrointestinal cancer (%)
Immunosuppressive drug 5(1.4%) 1(0.4%) 5(2.3%) 9(5.3%) <0.01
treatment (%)
Immunoglobulin 1(0.3%) 1(0.4%) 1(0.5%) 1(0.6%) 0.92
deficiency (%)
Positive EmA (%) 168 (46.8%) 93 (40.6%) 42 (19.7%) 32 (18.7%) <0.001
Villous atrophy at 151 (42.1%) 89 (38.9%) 36 (16.9%) 39 (22.8%) <0.001
duodenal biopsy (%)
Final diagnosis (%)

Coeliac disease 173 (48.2%) 93 (40.6%) 44 (20.7%) 34(19.9%) <0.001

No enteropathy 186 (51.8%) 134 (58.5%) 169 (79.3%) 124 (72.5%)

NCE 0 (0.0%) 2(0.9%) 0 (0.0%) 13 (7.6%)

Abbreviations: EmA, endomysial antibodies; F, female; NCE, non-coeliac enteropathies; SD, standard deviation.

our laboratory. Reasons for further investigation beyond TTA
screening in these 54 patients were positive TTA (21 patients),
strong clinical suspicion for enteropathy due to the clinical
picture (32 patients) and the presence of immunoglobulin defi-
ciency (1 patient).

Of these 54 patients, 21 were diagnosed with coeliac disease
(including one patient diagnosed with potential coeliac dis-
ease), while in the remaining 33 patients, enteropathy was ex-
cluded. None were diagnosed with non-coeliac enteropathies.
Regarding the 33 patients without enteropathy, colonoscopy
revealed inflammatory bowel disease in 2 of them and colitis

due to pembrolizumab in 1 patient, while in the remaining 30
an organic cause was excluded. Of the 21 patients with coeliac
disease, the majority (13/21, 61.9%) were <45years old at pre-
sentation. More in detail, 5/21 were <45years old without alarm
symptoms, 8/21 were <45years with alarm symptoms, 3 were
>45years old without alarm symptoms, and finally 5/21 were
>45years old with alarm symptoms.

All patients diagnosed with coeliac disease had positive IgA
EmA and none of the patients in whom enteropathy was ex-
cluded had positive EmA. The overall diagnostic accuracy of
EmA for coeliac disease in the validation cohort was 100% (95%
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FIGURE2 | Comparison of diagnostic outcomes in patients investigated for suspected enteropathy with endomysial antibodies and upper endos-
copy with duodenal biopsies according to age at presentation and presence of alarm symptoms. CD, coeliac disease; NCE, non-coeliac enteropathy.

CI 90.3%-100%), sensitivity was 100% (95% CI 77.2%-100%) and
specificity was 100% (95% CI 84.7%-100%). The positive predic-
tive value was 100% and negative predictive value was also 100%.

4 | Discussion

This large single-centre real-world study provides important
insights to guide clinical decision-making and an initial pro-
posal towards future non-invasive diagnosis of coeliac disease
in adults. Our findings support the feasibility of a biopsy-sparing
approach for diagnosing coeliac disease in low-risk adults with
positive EmA, while also emphasising the importance of en-
doscopic evaluation in older patients with alarm symptoms to
rule out non-coeliac enteropathies and malignancies. This could
allow avoidance of invasive and costly procedures in a signifi-
cant portion of patients.

‘We propose an accurate non-invasive diagnostic strategy based
on age at presentation, presence of alarm symptoms, and EmA
in order to identify coeliac patients and discriminate them from
those affected by non-coeliac enteropathies and those with-
out enteropathy. The majority of coeliac patients (50.2%) were
<45years old without alarm symptoms, and all patients with
positive EmA were diagnosed with coeliac disease. On the con-
trary, the large majority (86.7%) of non-coeliac enteropathies

were diagnosed in patients >45years old with alarm symptoms.
Moreover, no cases of non-coeliac enteropathies or malignancies
were diagnosed in patients without alarm symptoms. The high
prevalence of these conditions in older patients with alarm symp-
toms underscores the continued need for endoscopic evaluation
in high-risk individuals with negative EmA. Our results are also
in accordance with those of a recent large UK-based study on
382,370 patients undergoing upper GI endoscopy, which found
that in patients under 50years of age the overall cancer rate was
extremely low (< 0.1%) [38]. Moreover, in those under 50, cancer
rates were always <1% even in patients with alarm symptoms,
strongly suggesting the possibility to avoid upper GI endoscopy
in younger patients, even when presenting with alarm symp-
toms [38]. This is particularly important considering that in our
study the large majority of coeliac patients were diagnosed at
age <45 (266/344, 77.3%), with most also being <45years old
without any alarm symptoms (173/344, 50.2%).

The present study is the first to investigate the role of age and
alarm symptoms in adult patients with suspected coeliac disease
in consideration of a potential biopsy-sparing approach. Apart
from the British Society of Gastroenterology interim guidance
during the COVID-19 pandemic, which set the age cut-off of
< 50years for potentially avoiding duodenal biopsy [20], there is
currently no other real-world data suggesting what the best age
cut-off may be. The available literature shows that age is a major
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clinical risk factor for negative outcomes, particularly persistence
of villous atrophy and risk of refractory coeliac disease and other
malignant complications [33, 34, 39]. However, all these papers
were studies investigating the follow-up of coeliac disease, and
not the diagnosis of coeliac disease, and all had as a primary end-
point the evaluation of the risk of complications and mortality.

Seronegative coeliac disease was rare in our study and although
it is important to consider seronegative coeliac disease in high-
risk patients with negative serology, this suggests that the risk of
missing seronegative coeliac disease is very low in young adults
without alarm symptoms. Frequently, there are also other clues
pointing towards the possibility of seronegative coeliac disease
or non-coeliac enteropathies that should be noted, such as im-
munoglobulin deficiency or a suggestive pharmacological his-
tory (e.g., olmesartan use) [6, 40].

As it has been long-established, EmA have excellent diagnostic
accuracy and high specificity [28]. This was confirmed in our
study with EmA showing virtually perfect specificity (100%)
and positive predictive value (100%) for coeliac disease diag-
nosis in both the study and validation cohorts, supporting the
reliability of EmA-based diagnosis without biopsy confirmation
in appropriately selected adult patients. Our results suggest that
young adults (age <45years) without alarm symptoms could be
safely evaluated non-invasively for coeliac disease. Applying
such a strategy would have led to no missed diagnoses in either
the study cohort nor the validation cohort. Moreover, none of the
patients diagnosed with coeliac disease had concomitant major

[ wo|

organic gastrointestinal disorders or complications of coeliac
disease at the time of diagnosis, so the value of performing upper
endoscopy with duodenal biopsy in confirming coeliac disease
in patients with positive EmA appears limited. Considering that
our study included more than 1000 patients investigated over
more than two decades, this strongly suggests that a biopsy-
sparing strategy for coeliac disease can be safely and reliably
applied in a substantial proportion of patients. On the contrary,
the prevalence of non-coeliac enteropathies was high (almost
10%) in patients >45years old with alarm symptoms and nega-
tive EmA. Severe malabsorption symptoms or other suggestive
clinical clues for seronegative enteropathies (e.g., olmesartan
use, immunoglobulin deficiency) are often present and should
prompt endoscopy with duodenal biopsies.

In Figure 3, based on our results and data from the literature,
we propose a potential diagnostic strategy for future research on
non-invasive evaluation of patients with suspected coeliac disease
that incorporates EmA. Ultimately, we believe EmA can play an
important role in the non-invasive investigation of patients with
suspected coeliac disease, including also those with low titre TTA,
below the threshold of 10x upper limit of normal, which actu-
ally represent the majority of coeliac patients [27]. This approach
could substantially reduce the need for invasive procedures in
patients with suspected coeliac disease. Given that data from
meta-analyses in the literature report levels of specificity >99%
for both TTA >10x upper limit of normal [27] and EmA [28], we
believe that their diagnostic value is virtually identical, with both
essentially guaranteeing that a diagnosis of coeliac disease will be

YES
TTA >10x ULN or
| Test IgA TTA and/or EmA | positive EmA
l _| TTA <10x ULN but
Serology Serology positive EmA
negative positivet
Positive TTA but " O.GDI—Duode.mI e
¢ ¢ negative EmA biopsy required
Normal IgA deficiency
serum Ig or CVID

FIGURE 3 | Proposed diagnostic strategy for future research on non-invasive evaluation of adult patients with suspected coeliac disease incor-
porating EmA based on our results and the available literature data. CD, coeliac disease; CVID, common variable immune deficiency; EmA, endo-
mysial antibodies; IgA, immunoglobulin A; OGD, oesophagogastroduodenoscopy; TTA, tissue transglutaminase antibodies; ULN, upper limit of
normality. *If non-coeliac enteropathies or seronegative coeliac disease are strongly suspected due to severe malabsorption or other clinical clues,

consider upper endoscopy with duodenal biopsy. Otherwise, consider testing for alternative causes of symptoms besides enteropathy in this group

of patients. fFor centres lacking access to EmA, we propose diagnosing coeliac disease without duodenal biopsy only in patients with positive TTA

>10x upper limit of normal and performing duodenal biopsy in patients with positive TTA <10x upper limit of normal.
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confirmed. However, future multicentre prospective validation of
our results is necessary to ensure the generalisability of our re-
sults, since our data is based on results from a single tertiary centre
specialised in the diagnosis of coeliac disease and non-coeliac en-
teropathies. It is also important to emphasise that although in our
study EmA showed excellent diagnostic accuracy and that clear
diagnostic patterns emerged based on age at presentation, alarm
symptoms, and EmA results, further research in more diverse clin-
ical settings is necessary to confirm our findings before they can be
extrapolated into everyday clinical practice.

Another interesting point regards potential coeliac disease,
which we found affected approximately 10% of EmA-positive pa-
tients in the study cohort, but only one patient in the validation
cohort. For the purposes of the study, we considered these pa-
tients as being affected by a form of coeliac disease rather than
as not affected by enteropathy. This is also supported by findings
on adult patients with potential coeliac disease [41] and the re-
sults of a recent meta-analysis on outcomes in patients diagnosed
with potential coeliac disease [42]. Although major international
guidelines [1-4] recommend taking bulb biopsies as part of the
diagnostic workflow for coeliac disease, unfortunately, adherence
to these recommendations is still low worldwide, as shown by a
recently published international multicentre study on ultrashort
coeliac disease [43]. In this regard, our centre, which actively
took part in the multicentre study by Raju et al. is no exception,
as we have been adopting the policy to perform bulb biopsy based
on endoscopic appearance of the duodenal bulb. Therefore, we
cannot say how many patients affected by potential coeliac dis-
ease may actually have been diagnosed with ultrashort coeliac
disease if bulb biopsies had been taken systematically. Based on
previously published data, the estimated prevalence of ultrashort
coeliac disease in our centre is roughly 0.8% in our centre [43].

Although our study has several strengths, including the large
sample size spanning a long period of time and a prospective
validation cohort, there are also several limitations we must ac-
knowledge. These are mainly related to the single-centre study
design and the use of EmA, which may limit generalisability
of our results to centres where EmA is not available. Although
our results with EmA were excellent, the use of EmA is also the
most relevant limitation, potentially impacting on the repro-
ducibility of our results on a larger scale, both because EmA is
not performed everywhere, and because indirect immunofluo-
rescence is considered to be difficult to perform and operator-
dependent. For these reasons, the use of EmA has been largely
replaced by the more easily available and reproducible assays
for TTA. Interestingly, promising results have been shown for
automated Al interpretation of EmA [44], which may in future
help standardise and increase the availability of EmA testing.
The excellent performance of EmA in our study reflects test-
ing at a specialised centre with extensive experience, limiting
the immediate generalisability of our findings to other settings.
Our proposal for future study that coeliac disease could be diag-
nosed based on positive EmA in low-risk adult patients might
be supported by our data, but it also represents a significant de-
parture from established guidelines [1-4], so further study on
more diverse multicentre cohorts will be necessary to ensure
generalisability of our results. Centres without similar EmA ex-
pertise should carefully consider whether our results may apply
to their clinical setting. Despite these limitations regarding

EmA, we believe that our study provides initial valuable data
on diagnostic outcomes based on patient clinical characteristics,
which we believe generalise beyond the specific type of sero-
logical test that is employed, and can help inform the ongoing
discussion on a no-biopsy diagnostic strategy for adult coeliac
disease. Regarding our choice of 45years as an age cut-off, this
is also a limitation as it was based mainly on long-term outcome
data in coeliac disease [34] and expert opinion given the cur-
rent lack of data in the literature on the relationship between
clinical characteristics and diagnostic outcomes in patients with
suspected coeliac disease, so future study is necessary to iden-
tify the best age cut-off for biopsy-sparing diagnosis of coeliac
disease. Finally, although to avoid any potential selection bias
we included in the study only patients directly diagnosed at our
centre and excluded referred patients, we cannot fully exclude
residual bias.

In conclusion, EmA has excellent diagnostic accuracy for coe-
liac disease in adults when performed at an expert centre and
should be considered for future research on biopsy-sparing diag-
nostic strategies for adult coeliac disease. Our findings support
a biopsy-sparing approach for diagnosing coeliac disease in se-
lected adult patients with positive EmA, while emphasising the
importance of continued endoscopic evaluation with duodenal
biopsy in older patients with alarm symptoms to avoid missing
non-coeliac enteropathies. Based on our results, a biopsy-sparing
approach incorporating EmA could optimise resource utilisa-
tion and patient experience without compromising diagnostic
accuracy. Future research is necessary to validate our findings
on more diverse multicentre cohorts to ensure generalisability of
our results before they can be incorporated into clinical practice.
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