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Abstract

Sections

Coeliac disease (CeD) is animmunological disease triggered by

the consumption of gluten contained in food in individuals with a
genetic predisposition. Diagnosis is based on the presence of small
bowel mucosal atrophy and circulating autoantibodies (anti-type 2
transglutaminase antibodies). After diagnosis, patients follow a strict,
life-long gluten-free diet. Although the criteria for diagnosis of this
disease are well defined, the monitoring phase has been studied less
and thereis alack of specific guidelines for this phase. To develop a

set of clinical guidelines for CeD monitoring, we followed the Grading
of Recommendations Assessment, Development and Evaluation
methodology. Statements and recommendations with the level

of evidence were developed and approved by the working group,
which comprised gastroenterologists, pathologists, dieticians and
biostatisticians. The proposed guidelines, endorsed by the North
American and European coeliac disease scientific societies, make
recommendations for best practices in monitoring patients with CeD
based onthe available evidence. The evidence level is low for many
topics, suggesting that further research in specific aspects of CeD would
be valuable. In conclusion, the present guidelines support cliniciansin
improving CeD treatment and follow-up and highlight novel issues that
should be considered in future studies.
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Introduction

Coeliacdisease

Coeliacdisease (CeD) isanimmunological disorderinduced by gluten
ingestioninindividuals with genetic susceptibility, characterized by
villous atrophy, intra-epithelial ymphocytosis and crypt hyperplasia
of the small bowel. It is a chronic inflammatory state that improves
whengluten-containing foods are excluded from the diet (gluten-free
diet, GFD)'% The disease primarily affects the small bowel; however,
the clinical manifestations are broad, comprising both intestinal
and extra-intestinal symptoms®. CeD is more frequently diagnosed
in women than in men (ratio 2:1), and it is one of the most common
causes of chronic malabsorption, with a worldwide prevalence of
around 1%*.

Gluten is a storage protein of the cereal grains wheat, rye and
barley’. It is enriched in glutamines and prolines and, as a result, is
incompletely digested by gastric, pancreatic and brush border pepti-
dases, leaving large peptides®. In the small intestine, these peptides
trigger an autoimmune reaction involving type 2 transglutaminase
(TG2), the predominant autoantigen of CeD’. Deamidation increases
the immunogenicity of gliadin fractions (the alcohol-soluble part of
gluten with immunodominant properties), facilitating binding to
HLA-DQ2 or HLA-DQ8 molecules. Gliadin peptides are then presented
to T cells, and this leads to the formation of anti-type 2 transglutami-
nase antibodies (TG2Ab), pro-inflammatory cytokines, lymphocyte
infiltration and subsequent tissue injury, leading to crypt hyperplasia
and villous atrophy?.

Diagnosis of CeD in adulthood is based on serology (TG2Ab) and
duodenal biopsy whilethe patientis onagluten-containing diet. Analysis
of TG2Ab serum levels should be done as a first-line screening test
and has high sensitivity (93%) and specificity (98%)°; serum analysis of
anti-endomysial antibodies (EMAs) is a second-line test with high speci-
ficity; although HLA typingis usually performed in uncertain cases™".
CeDis highly correlated with the presence of HLA-DQ2 and/or HLA-DQ8
molecules. Nearly 100% of individuals diagnosed with CeD exhibit this
specific genetic profile. Consequently, in cases for which the diagnosis
of CeDisuncertain, HLA typing has a crucial rolein ruling out the con-
dition when the results are negative'. Currently, to make a definitive
diagnosis of CeD in adults, evidence of compatible small bowel damage
isrequired, and, therefore, an endoscopy with multiple bulb and distal
duodenal biopsies must be performed. Histologically, evaluating the
villous to crypt cell ratio in well-oriented biopsy specimens is crucial:
itreduces misdiagnosis, whereas Marsh and Marsh-Oberhuber score
systems are currently applied to describe the CeD-related small bowel
lesion and endorsed by most CeD guidelines™ . Originally, Marsh
score described the small bowel damage as type 0 (normal mucosa),
type1(presentingincreased number of intra-epithelial lymphocytes,
IELs), type 2 (increased IELs and crypt hyperplasia), type 3 (with villous
atrophy) and type 4 (completely flattened and hypoplastic mucosa)'.
Subsequently, Oberhuber further classified the Marsh 3 lesion into
distinct subtypes based on the severity of villous atrophy: 3a for mild,
3b for moderate and 3c for severe®. Thus, the presence of TG2Ab in
the serum and duodenal histological alterations usually make the
diagnosis straightforward, and this diagnostic algorithmis supported
by guidelines from various scientific societies, thereby supporting
clinicians in CeD diagnosis"*1%>14,

Currently, the only treatment for CeD is adherence to a life-long
GFD; however, it is still unclear how to monitor patients with estab-
lished CeD in the most appropriate way. Moreover, the therapeutic
objectives of the GFD should be systematically addressed according

toatemporal schedule, commencing with the resolution of symptoms,
followed by achieving serological and mucosal normalization and
ultimately, the prevention of comorbidities. Questions that require
informed answers include the following. Which is the primary end
point of the GFD? How should CeD activity be assessed? Is serology
adequate for follow-up? Is the evaluation of small bowel mucosa nec-
essary during the follow-up period, and at which time intervals? How
should GFD adherence be measured? Currently, answers to these and
other related questions are not always clear. Despite the paucity of
evidence, itiscommon to use the same biomarkers as used for diagno-
sis (TG2Ab serology and duodenal histology) to monitor CeD activity
andresponseto a GFD; furthermore, blood tests to evaluate intestinal
function and the presence of common CeD comorbidities are routinely
used in monitoring, often on ayearly basis. Using the Grading of Reco-
mmendations Assessment, Development and Evaluation (GRADE)
methodology, we attempted to address these gaps and provide guid-
ancetoclinicians regarding astandardized and consensual approach
to monitor CeD.

Scope and context

CeDis one of the most frequentimmunological diseases. It is suggested
that 1% of the global population could be affected by CeD***'¢. Improve-
mentindiagnostic tools and health-care systemsin low-income coun-
tries, the possibility of making a diagnosis without duodenal biopsies in
children” and diet westernization in Asia are all factors that contribute
toincreasesin the global CeD population.

Therapidly growing CeD population and the clear gapsinthe cur-
rent care of patients with CeD suggest the need to develop guidelines
for CeD monitoring. Studies have revealed substantial variability in
monitoring practices across different countries, highlighting a lack
of consistent follow-up for patients with CeD'®",

The present guidelines aim to analyse the best practices in moni-
toring CeD and patient response toa GFD and, therefore, provide a set
of practical guidelines for clinicians using the GRADE methodology.

Methods

InOctober 2021, anindependent guideline development group (GDG)
was formed to compile best practices for the monitoring of CeD. The
core group comprises dieticians, pathologists, gastroenterologists,
endoscopists and methodologists, all experts in CeD and the GFD.
Conflict of interest statements were collected from all panel mem-
bers before and after the development of the present guidelines, and
authors with specific conflicts of interest were excluded from voting.
The guideline methodologist had no conflicts of interest. Notably,
none of the GDG members received fees or funding for developing
the present guidelines. Owing to the worldwide dispersion of the
GDG, to maintain a sustainable profile, regular web calls were organ-
ized and adedicated virtual space containing all the guideline-related
material was available for all panel members**?'. The panel members
addressed the specific tasks and clinical questions during the first call
in November 2021 (Supplementary File 1). Subgroups formed by two
or three experts were assigned the various tasks and questions. Key
questions were developed following a format to outline the specific
patient population, intervention, comparator and outcomes (PICO
format), withsubsequent votingto reach an agreement on the precise
formulation®. An extensive literature search using search engines
that include PubMed and Embase was conducted for English-written
articles with appropriate medical subject heading (MeSH) terms
(SupplementaryFile1). Particular attention was given to the presence
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of meta-analyses on dedicated web pages (Cochrane). The levels of
certainty of the evidence and strength of the recommendations were
defined forevery part of the statement, according to the GRADE system
using GRADEpro?. Allsummaries of evidence for each PICO question,
including research strategy and MeSH terms, answers to the questions
and tables showing the studies analysed, are reported in Supplemen-
tary File 1. To define the strength of each recommendation, a 12-item
decisional framework was administered to all GDG members who
voted independently?*. During the last call in January 2023, the panel
agreed on the final recommendations (consensus was defined as 70%
agreement with <15% disagreement), and arepresentative of patients
provided comments on the manuscript (Supplementary File 2). The
Society for the Study of Coeliac Disease and the European Society
for the Study of Celiac Disease executive committees reviewed and
endorsed this guideline.

Biomarkers and investigations used to monitor
coeliac disease
Despite the absence of guidelines, clinical evaluations and varied
investigations are routinely performed for CeD monitoring. GFD is
expected to reduce symptoms and normalize biomarkers that were
abnormal at diagnosis. Several scores are used in the diagnosis and
monitoring of symptoms of gastrointestinal diseases, such as the
Crohn’s disease activity index”, the gastro-oesophageal reflux dis-
ease impact scale’® and the gastrointestinal symptom rating scale
(GSRS)?. These scores enable clinicians to compare patients’ progress
and objectively assess outcomes. GSRS?® has often been used in
CeD and contains five domains: abdominal discomfort, diarrhoea,
indigestion, constipationand reflux. However, owing to the limitations
of existing symptom scores (nonspecificand limited number of scored
symptoms), a CeD-specific symptom index has been developed.
The Celiac Symptom Index is a specific tool to measure and monitor
CeD-related symptoms®. Together with clinical evaluation, various
serological, endoscopic and histological markers are routinely used
tomonitor CeD and compliance with the GFD'. These biomarkers are
based on common changes seen at diagnosis (increase in TG2Ab serum
levels; endoscopic markers, such as scalloping or mosaic appear-
ance; villous atrophy on biopsy samples; and vitamin deficiencies
asaconsequence of malabsorption) — consequently, normalization
of these biomarkers is expected when CeD is in remission. However,
clinical studies suggest that these tests might not be as accurate as
commonly presumed in the evaluation of CeD activity*. Furthermore,
theinterval between each follow-up visitis largely unknown and not
systematically investigated. Currently, it is suggested that patients
be monitored on ayearly basis, butintervals canbe shortened in the
case of non-responsive CeD".

In the next paragraphs and in the present guideline, we evaluate
the clinical utility of the various available tests and biomarkers and
provide related recommendations.

Blood tests

Blood tests are widely used to monitor chronic diseases owing to their
non-invasive nature. In CeD, TG2Abs are usually used to evaluate disease
activity and response to the GFD". However, evidence differs regarding
the correlation with CeD mucosal activity” and the quantity of gluten
required to be ingested before titres become positive*. Additional
blood tests can be performed yearly, together with TG2Ab assess-
ment, to evaluate the nutritional state of patients and the presence
of comorbidities'**.

Role of serological antibodies in prediction of adherence to
the gluten-free diet
« Recommendation 1. We recommend routine serological assess-
ment with anti-TG2 IgA serum levels in patients with CeD on a
GFD; a positive value suggests poor dietary adherence or gluten
contamination, whereas a negative value cannot confirm strict
adherence or lack of gluten exposure.
« Level of evidence very low; strong recommendation.

CeD-specific antibodies start to decline within months of the
introduction of the GFD, dropping rapidly during the first year
and eventually falling to normal levels in most patients®°, Persis-
tently positive, or not decreasing, anti-TG2 IgA levels are strongly
predictive of some degree of gluten intake (poor adherence
or contamination)®***32%_On the other hand, the sensitivity of
anti-TG2 IgA for the detection of diet transgressions evaluated by
patient self-reports or dietician-led assessments was as low as 52-57%
in two cohortstudies (53 and 95 patients, respectively)***. This makes
coeliacserology a poor negative predictor of dietary adherence, illus-
trating that negative anti-TG2 IgA levels should not be considered a
marker of strict dietary compliance.

EMAIgA and anti-deamidated gluten peptide (DGP) IgA perform
similarly to anti-TG2Ab IgA detection in this setting®*, with DGP IgA
showingatendency to lower sensitivity and EMA to higher specificity™.

Withregard to patients with CeD with IgA deficiency, anti-TG2IgG
(often detected at CeD diagnosis in these patients) levels also decline
over time on a GFD but fail to reach normalization in up to 80% of
cases despite long-termstrict dietadherence®*°. Serial measurements
to assess the dynamics of anti-TG2 IgG levels might help to evaluate
dietary compliance in CeD with IgA deficiency; however, data on this
topicare scarce.

Overall, serology alone is not an accurate diagnostic tool for the
assessment of dietary adherence in CeD. We still recommend routine
serology assessments with anti-TG2 IgA in patients with CeD on a GFD.
Positive anti-TG2IgA detection levels are suggestive of poor diet adher-
ence or gluten contamination, whereas negative anti-TG2 IgA detec-
tion cannot confirm strict adherence. In patients with IgA deficiency,
anti-TG2 IgG levels tend to decline but often remain positive despite
astrict GFD and should, therefore, not be used to assess adherence.

Role of serological antibodies to predict mucosal atrophy
» Recommendation 2. We do not recommend normalization of
serology (anti-TG2 IgA) as amarker of mucosal recovery during a
long-term GFD owing to poor sensitivity for the identification of
persistent villous atrophy.
« Level of evidence very low; strong recommendation.

A meta-analysis of mostly prospective cohort studies showed that
anti-TG2 IgA serology has relatively high specificity (0.83, 95% confi-
dence interval (CI) 0.79-0.87) for CeD diagnosis but low sensitivity
(0.50,95% C10.41-0.60) for the identification of patients with persis-
tent villous atrophy*'. EMA IgA serology has a similar performance,
with specificity 0.91 (95% CI 0.87-0.94) and sensitivity 0.45 (95%
Cl10.34-0.57)". Aprospectivestudy thatinvolved 368 patientsthat aimed
to assess the performance of bulbar histology for the detection of
persistent villous atrophy confirmed the poor discriminatory ability
of serological testing, with 39.7% sensitivity and 94.2% specificity for
anti-TG2IgA and 38.1% sensitivity and 96.4% specificity for EMA IgA*.
Similar results were found in another study with 97 patients involved
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in evaluating the performance of faecal gluten immunogenic pep-
tides and serum antibodies: anti-TG2 IgA serum analysis had 11.8-30%
sensitivity and 100-72.7% specificity (depending on which of the two
evaluated assays was considered) for the detection of residual mucosal
damage, defined as Marsh 1 or higher*. In view of these data, coeliac
serology can be considered a poor predictor of persistent mucosal
damage because it misses most cases of villous flattening. Some studies
have proposed the modification of the cut-offs normally used for the
diagnosis of CeD in an effort to improve the performance of serologi-
cal assays in CeD follow-up; however, this has resulted in little or no
improvement in sensitivity***.

Although endoscopic biopsy remains the reference standard for
the assessment of persistent villous atrophy at follow-up, thereis aneed
for better non-invasive markers of intestinal damage*®. Withregard to
serology, DGP IgG antibodies showed good discriminatory ability for
the detection of persistent villous atrophy (87% sensitivity and 89%
specificity) in asingle study with 60 participants, even displaying a cor-
relation between antibody titres and the severity of mucosal damage®’.
Another study, which involved 217 patients and aimed to assess the
performance of aDGP IgA-1gG-based point-of-care test (POCT), dem-
onstrated a higher sensitivity of the DGP-POCT compared with anti-TG2
IgA and EMA IgA assays for the detection of villous atrophy at follow-up
(67.1% versus 44.7% and 37.7%)"%, corroborating the possible role of
DGP-based assessments as surrogate markers of mucosal damage.

Anti-TG2 IgA (and EMA) antibodies should not be routinely used
asamarker of mucosalrecovery during along-term GFD owing to their
poor sensitivity for the identification of persistent villous atrophy.
DGP-based serological assays might prove to be a better predictor
of persistent villous atrophy; however, further studies are needed to
explore this possibility.

Blood biochemistry
» Recommendation 3. We recommend the use of clinical chemistry
analysis of blood count, iron, folate and other micronutrients for
the evaluation of malabsorption and nutritional status in patients
with CeD on a GFD.
« Level of evidence very low; strong recommendation.

Astrict GFD canrestore intestinal villiand absorption functionin
patientswith CeD* However, studies demonstrate that mucosal recovery
isnotachievedinall patients, evenin the absence of symptoms***° and
normalization of coeliac-related antibody titres*'. Therefore, labora-
tory tests should be used to detect nutritional deficiencies, as the
nutritional parameters of patients with CeD on an optimized GFD
should be comparable to those of the general population®"*.

Full blood count and iron status. Studies of the effect of GFD onrecov-
eryfromirondeficiencyanaemia(IDA) arescarce.Inmost cases, recovery
from anaemia usually occurs within 1 year after commencement of
a strict GFD, even without additional iron supplementation®***,
However, some patients with CeD continue to show IDA despite careful
adherencetoa GFD. AFinnishstudy showed that 6% of the 163 patients
with CeD involved still had IDA after a1-year GFD, especially inwomen®.
A study from Saudi Arabia showed that nutrient intake in 51 women
with CeD was below the recommended dietary intake. However, blood
parameter values in women with CeD who followed a GFD for longer
than 1 year were comparable to those in healthy controls®. Another
study demonstrated thatinapopulation of 163 adults with CeD, those
with IDA at diagnosis had more gastrointestinal symptoms, worse

indicators of well-being and increased levels of serum TG2Ab. After a
1-year GFD, the mucosal villous to crypt ratio was significantly lowerin
theanaemiagroup (P=0.008), indicating a slower response***>*°, Scric-
cioloand colleagues® performed a clinical trial comparing 22 women
with CeD on a GFD and with iron deficiency who were given either an
iron-rich diet oriron supplementation. The investigators showed that
thewomen onironsupplementation had anincrease in ferritin serum
levels compared with those on aniron-rich diet.

These results suggest thathaemoglobin and ferritin serum levels
shouldbe monitored duringfollow-up,andironsupplementationshould
be considered when the GFD alone does not improve iron deficiency.
Thus, careful monitoring of iron status is recommended in CeD
follow-up, particularly in women who are in premenopause.

Lipids. Ballestero-Fernandez and colleagues™® described no difference
in blood levels of cholesterol and triglycerides in 64 patients with
CeD compared with 74 healthy volunteers. Conversely, Remes-Troche
and colleagues®® described lower levels of those lipids compared
with healthy controls and individuals without coeliac disease but with
non-coeliac gluten sensitivity. However, other studies described an
increased risk of abnormal serumlipid levelsin patients with CeDona
GFD®°2, particularly for triglycerides®***. Independently of serum lipid
levels, several reports have described anincreased risk of fatty liver (also
known as steatotic liver®®) and metabolic dysfunction-associated fatty
liver disease, which could predispose to a higher cardiovascular risk
in patients with CeD on a GFD**¢**¢* Reilly and colleagues®® showed
that 29,096 individuals with CeD are atincreased risk of nonalcoholic
fatty liver disease (also known as metabolic dysfunction-associated
steatotic liver disease®’) compared with the general population (144,522
referenceindividuals), particularly during the first year after CeD diag-
nosis, but persisting through 15 years beyond diagnosis with CeD. Liver
damage should be detected through evaluation of liver serum transami-
nases during follow-up. Interestingly, a UK study described that in
469,095 adults, the 2,083 persons affected with CeD, aged 40-69 years,
had alower prevalence of traditional cardiovascular risk factors but a
higher risk of developing cardiovascular disease than those without
CeD?. Moreover, a study from the Swedish register has shown that in
a cohort of 49,829 individuals with CeD, there was an increased risk
of death from cardiovascular disease compared with the general
population (3.5 versus 3.4 per 1,000 person-years; hazard ratio (HR),
1.08 (95% C11.02-1.13))°. In conclusion, patients with CeD should be
assessed for metabolic features, such as glucose, lipid status serum
biomarkers and serum liver enzymes over time, according to age and
risk factors, as per the general population.

Vitamins. There are few studies investigating serum vitamin levels,
with the exception of vitamin D, and data are scant with discordant
results, therefore, no clear recommendations can be derived®®*-**~",
Reasonably, follow-up testing should be adapted based on vitamin
levels at diagnosis, and supplementationis suggested when needed.

Conversely, studies onvitamin D are numerous, and the datashow
that, despite deficiency at diagnosis and follow-up, there is no rela-
tionship with bone density**’%”*7, The studies, however, have several
limitations, including seasonal vitamin D (sunexposure), inconsistent
testing for the active form of vitamin D (also known as 1,25-dihydroxy-
cholecalciferol or calcitriol), history of previous vitamin D supplemen-
tation and limited data on men. Therefore, monitoring for vitamin D
should be considered based on serum levels found at diagnosis and
the lifestyle of patients.
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Hallert and colleagues™ reported that in a group of 30 adult
patients with CeD on a GFD for several years, half of them showed low
serum levels of folate, vitamin B, and vitamin B,,, associated with higher
homocysteine levels. The researchers also reported lower folate and
vitamin B, intake than the control group.

Fasting glucose. Despite the small size of the published studies, a
strict GFD in children and/or adults with type 1 diabetes has positive
effects on glycaemic control, indicating a trend towards a decrease
in hypoglycaemic episodes and better glycaemic control®*”. Lud-
vigsson and colleagues’ described that in 9,243 individuals with CeD
diagnosed before 20 years of age, CeD was associated with a 2.4-fold
increasedrisk of later type 1diabetes (95% C11.9-3.0). Conversely, the
associationbetween CeD, GFD and the development of type 2 diabetes
is inconsistent. Ballestero-Fernandez and colleagues® described no
variation of glucose on a GFD. Some studies reported that patients
with CeDareless likely to develop type 2 diabetes and others correlate
the use of a highly processed GFD with an increased risk of elevated
glucose serum levels®*>**, Zanini and colleagues® showed no change
ininsulin resistance in either men or women with CeD, and the mean
(+s.d.) value for the whole cohortwas1.3 + 0.7 at baselineand 1.3 + 0.8
during GFD (n=100).

Inthe context of therisk of metabolic syndrome reported earlier,
patients should routinely be assessed for serum glucose levels.

Electrolytes. Ballestero-Fernandez and colleagues® reported
no deficiency in zinc, copper, selenium or magnesium. There are no
studies about serum levels of micronutrients, such as zinc and cop-
per, in adult patients with CeD on a GFD. A study analysed the nutri-
tional indices collected in persons with CeD in the cross-sectional
National Health and Nutrition Examination Survey, 2009-2014. The
study, whichinvolved 16,966 participants with 28 subjects with CeD,
reported thatin the US population over 6 years, the zinc and copper
levels of people diagnosed with CeD were similar to those of individu-
als without CeD despite reduced total calories and macronutrient
intake””. Rawal and colleagues’ described that zinc plasmalevels rose
in 134 patients on a GFD regardless of supplementation, and Ciacci
and colleagues’ found no differencesin serum levels of phosphorus
among 50 untreated and 55 treated patients with CeD. Therefore, no
recommendation is possible regarding the testing of electrolytes in
CeD monitoring.

Other blood biomarkers

Novel and non-routine blood tests have been used in CeD to monitor its
activity and GFD adherence. Patients with the most abnormal pathol-
ogy have a loss of duodenal villi cytochrome P450 3A4 (CYP3A4), a
drug-metabolizing enzyme that inactivates many drugs’*®’. Chretien
and colleagues® conducted a clinical trial with 115 participants
(47 patients with CeD, 68 healthy individuals), that showed anincrease
in serum concentrations of the antihypertensive drug felodipine in
patients with CeD, probably secondary to decreased small intestinal
CYP3A4 expression. Similar results were found for evaluation of the
metabolism of the cholesterol-lowering medication simvastatinin a
clinical trial with 54 participants (11 healthy volunteers, 43 patients
with CeD)® Furthermore, in recentyears, clinical studies®* have been
performed to evaluate the potential of tetramer-based assays to moni-
tor patients with CeD on a GFD, particularly testing their expression
after a gluten challenge. Other studies showed an increased level of
reactive oxygen species in the serum of non-responsive patients with

CeD®. Furthermore, in vivo experimental findings have indicated that
citrulline, zonulin and intestinal-fatty acid binding protein (all markers
of enterocyte damage) might be useful in monitoring CeD¥. However,
none of them is used in current clinical practice. In the future, those
novel markers that measure direct mucosal damage might comple-
ment the traditional tests. The evaluation of T cells in blood has been
considered a tool for CeD detection after a short-term gluten chal-
lenge in patients on a GFD without a clear diagnosis. Evaluation of
T cellfeaturesinblood could be considered during follow-up to evaluate
dietary compliance®*. However, the role of these approaches outside
of serology has not been fully explored.

Evaluation of gluten-free diet adherence and
quality
Nutritional interviews and alimentary diaries to evaluate GFD
adherence
« Recommendation4. Werecommend the use of dietetic evaluation
to assess patient adherence to the GFD.
 Level of evidence low; strong recommendation.

International guidelines for the diagnosis of CeD highlight the
importance of early referral to dieticians or nutritionists who have
clinical experience in CeD"**"!, Their role at diagnosis includes nutri-
tional, anthropometric (BMI, waist circumference) and psychosocial
assessments, as well as delivering comprehensive dietary education
to facilitate a transition to a strict life-long GFD. Regular follow-ups
with dieticians or nutritionists are recommended toreview the above
parameters. Additionally, acentral component of this follow-upis the
evaluation of patient adherence to the GFD*2.

However, thereis alimited range of published data assessing the
efficacy of nutritional evaluationsin relation to GFD adherence inadult
patients with CeD. Based on theincluded studies, dietetic assessments
might fail to identify ongoing villous atrophy in many patients’~*., Only
two studies were identified that compared dietetic assessments with
duodenal biopsy samples, the reference standard for assessment of
disease activity. One study (in 94 patients with ongoing villous atrophy)
indicated that dieticians were able to identify sources of gluteninclu-
sionin 50% of cases, resulting in the restoration of villous height*. The
other study, which used a dichotomous outcome of ‘good or poor’ GFD
adherence, indicated that dietician evaluation had a sensitivity and
specificity of 64% and 80%, respectively, when predicting persisting vil-
lous atrophy inasubset of 25 patients®. There is great variationin how
nutritional assessments are undertaken, and standardized nutritional
assessments (SNAs) seem to beimportant to maximize the accuracy of
evaluations”.SNAs performed better than an adherence questionnaire
(Coeliac Dietary Adherence Test (CDAT)) in one prospective cohort
study conducted on 92 patients with CeD*®. Equally, another study that
compared five measures of GFD adherence indicted that SNAs could
not be replaced with serological markers or patient self-assessments
of adherence®. However, the current published studies on SNAs have
been carried out only in Western countries, although many aspects
of SNAs might be broadly generalizable across cultures; therefore,
further researchis required to understand the nuances of nutritional
assessment of GFD adherence in different countries'®®.

Overall, the current published literature suggests that dietetic
and nutritional evaluations of GFD adherence should be standard-
ized and, ideally, used in combination with other non-invasive methods
of GFD adherence. However, the gold standard for predicting persisting
villous atrophy remains the repeat duodenal biopsy.
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Nutritional interviews and alimentary diaries to evaluate GFD
nutritional quality
+ Recommendation 5. We recommend a dietetic evaluation to
monitor the nutritional balance of the GFD during follow-up.
« Levelof evidence very low; weak recommendation.

Several studies in adult and paediatric populations have focused
on the nutritional quality of a GFD, showing that in patients with CeD,
thereis a reduction in the intake of fibre, iron, calcium, magnesium
and B vitamins, although there was higher consumption of fatty foods,
sugary foods and drinks. Inaddition, there was higher consumption of
processed foods that would appear to have a higher glycaemic index
than conventional products'® %,

Although there were conflicting findings about changesin anthro-
pometric measurements in patients with CeD compared with healthy
individuals, the approach to a GFD involves changes in eating habits,
such as increasing the frequency of snack and sweets consumption
oreating fromthe potorininappropriate places suchas thebedroom or
livingroom'®”. These changes, in particular, turn out to be less healthy
and seem to be acquired by the patient’s entire family, potentially
contributing to the so-called obesogenic environment'%>1°,

Thus, it is essential to educate care-givers on a healthy diet and
lifestyle, with the final goal of ensuring correct diet instructions™.

Meal patterns for patients with CeD should ideally be individu-
alized, reflecting their relevant medical history, food preferences,
socioeconomicstatusand, whenapplicable, anindividual’s risk of food
insecurity (which canreduce the patient’s adherence to the GFD). Indi-
vidualized nutritional approaches can also promote dietary patterns
that support optimal health outcomes.

Theinclusion of alternative gluten-free grains such as buckwheat,
amaranth, quinoa, millet and sorghumincreased the nutritional profile
ofthe GFDinpatientswith CeD, restricting their carbohydrate sources of
rice, potatoes and corn'®, Gluten-free grains can be consumed as whole
grainsand/or canbe used to cook home-made gluten-free bread, cake,
biscuitsand pizza. Theyareimportantalternative pseudo-cerealsthatare
richinproteins, fibre, unsaturated fat, B-complex vitamins and minerals.
Theirintake canimprove nutritional status and well-being'*.

Moreover, foods that should be consumed every day are ideally
home-made, natural, gluten-free preparations, which might include
extra-virgin olive oil, milk, yoghurt (rich in natural probiotics), plant
foods (vegetables, freshfruits, legumes, nuts, herbs and spices, limiting
salt) and fish (richin omega 3), such as codfish, seabass, sardines and
anchovies. Potatoes and animal foods should be consumed weekly;
red meat and processed meats should be consumed less frequently,
whereas white meats have fewer restrictions. Dairy products (prefer-
ablymozzarella, robiola, ricotta, goat cheese, feta) should be consumed
moderately™*'>,

Patients following plant-based diets might require additional
support and should be encouraged to include legumes, nuts, meat
alternatives, gluten-free fortified non-dairy milk (preferably soya) and
appropriate micronutrient supplementation, as required".

Role of questionnaires to quantify GFD adherence in routine
clinical assessment
+ Recommendation 6. We recommend the use of a standardized
patient-reported adherence questionnaire as areasonable method
of adherence assessment when an expert dietician is not readily
available.
» Level of evidence very low; strong recommendation.

There is no single approach to the assessment of adherence to a
GFD that has been shown to be highly accurate. Assessment of adher-
ence to a GFD is distinct and should be differentiated from uninten-
tional exposure toglutenonaGFD, as gluten exposure canbe observed
evenwhenthereisahighlevel of adherence. The traditional reference
standard for the assessment of adherence to a GFD is an assessment by
adietician with expertise in CeD**. However, access to these clinicians
islimited, and even among those with expertise, there is no standard-
ized method of dietetic assessment, which might result in variations
inreported adherence "%,

Standardized patient-reported adherence questionnaires
represent a potential alternative to expert dietician assess-
ments, particularly in situations in which access to an expert
dietician is limited or when a comparison of adherence between
patientsisrequired. The available data suggest that the use of astand-
ardized patient-reported adherence survey is superior to a patient
self-report for assessing dietetic adherence as assessed by expert
dieticians and, in some studies, has been predictive of ongoing
enteropathy®.

Several patient-reported adherence questionnaires have been
published in the peer-reviewed literature, with the most commonly
cited being the Biagi score'® and the CDAT"; however, several newer
scales, such as the GF-EAT, Diet-GFD and Standardized Diet Evalua-
tion (SDE) have also been described™. In clinical settings, the SDE has
been reported to perform better than self-report assessments and
serologies”. However, the availability and feasibility of implementing
an SDE by a specialist dietician is limited.

There are limited data on comparison of the scales; however,
one study** has suggested higher specificity for the Biagi score and
a higher sensitivity score for the CDAT, with overall similar operating
characteristics.

Overall, the data support the use of a standardized patient-
reported adherence questionnaire as a reasonable method of adher-
ence assessment when an expert dietician is not readily available or
when a comparison of adherence between populations is required.

The development of new questionnaires and studies comparing
the usefulness of various questionnaires might enable a single pre-
ferred instrument. At this time, however, we recommend clinicians
choose the questionnaire that seems most relevant and appropriate
for their patient population.

GFD adherence questionnaires for clinical assessment of
patients with suspected ongoing CeD
» Recommendation 7. We recommend the use of adherence
questionnaires as part of a holistic clinical assessment.
« Level of evidence very low; weak recommendation.

Although there are many potential causes of ongoing symptoms
inindividuals with CeD, gluten exposure hasbeen reported tobe com-
mon. Inastudy by Silvester and colleagues'** in 222 patients with CeD,
91% of adults on a GFD reported gluten exposure less than once per
month, whereas 66% reported intermittent symptoms from suspected
gluten exposure. In comparison with studies of patient-reported
adherence questionnaires in general coeliac populations, studies
to assess the ability of questionnaires to detect gluten exposure in
patients with ongoing symptoms or non-responsive disease (ongoing
signs or symptoms potentially consistent with active CeD despite an
attempted GFD) are limited. On the basis of the available studies, it
is likely that standardized adherence questionnaires are superior to
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subject self-reports in assessing the likelihood of gluten exposure as
the cause of ongoing symptoms in individuals with CeD®’. However,
as evaluations of non-responsive CeD can be clinically challenging
and can include several diet-based and non-diet-based aetiologies,
adherence questionnaires should be used in this setting only as part
of a holistic clinical assessment and when expert dietician support is
notavailable.

Urinary and stool glutenimmunogenic peptide detection

« Recommendation 8. We recommend the determination of GIPsin
urine or stool in cases of non-responsive CeD when gluten intake
issuspected.

« Level of evidence very low; strong recommendation.

« Recommendation 9. We recommend the use of GIPs to prove
estimated gluten intake.

» Level ofevidence very low; weak recommendation.

Determination of urine and/or faecal gluten immunogenic pep-
tides (GIPs) is the only available direct approach for evaluation of
voluntary or involuntary gluten consumption'*'”, Alternative indi-
rect methods are based on the histopathological and immunological
consequences of gluten consumption or subjective estimations by
questions about symptoms or dietary habits™.

Most of the adult patients with CeD on follow-up with mucosal
histological damage are adherent according to dietetic question-
naires, asymptomatic and seronegative. However, the stool and
urine samples of this group of patients with persistent mucosal dam-
age are mostly GIP positive (59-100%), and the relationship might
increase with the amount of GIP and the frequency of positive GIP
tests'?,

A discrete number of patients with CeD on follow-up consume
detectable amounts of gluten (67-89% for weekly to monthly multiple
testing). The levels of urinary and faecal GIPs of most of the patients
who tested positive for one or both of these tests following a GFD
are substantially lower than those obtained in the diagnosis'®’. This
reductionin gluten consumptionin GIP-positive patients with CeD on
follow-up is sufficient to produce negative results in serological tests
andclinical symptoms and could be hidden in dietetic questionnaires.
However, the continuous gluten consumption at the low-moderate
level revealed by urinary GIP positivity inmultiple tests or with substan-
tial levels of faecal GIP seemed to have a predictive value for persistent
duodenal mucosal damage in CeD'?. Thus, the use of GIP determina-
tions (presumably multiple) can be used to verify the correctness of the
GFD, frequently associated with the persistence of duodenal mucosal
damage42,97,124,1267130.

Gluten peptides in the stool and urine are produced from previ-
ous gluten ingestion: the concentrations of faecal and/or urinary GIP
showed significant (P < 0.001) correlation with the amount of gluten
ingested, but with ahigh window of variability likely owing to individual
rates of gluten digestion and passage through the gastrointestinal
tract, as well as the time of sample collection after gluten intake**",
Furthermore, the determination of urinary and/or faecal GIPs could be
used to estimate the amount of ingested gluten, although the results
on this issue seem conflicting, probably owing to the absence of a
standardized protocol*>#+1261327142,

Methods to detect urine or stool GIPs could be limited by the
amount of detectable ingested gluten, individual variability in gluten
metabolism and the maximum time of detectable GIPs after inges-
tion of gluten (12-24 h for urine, 1-7 days for stool)™". Single faecal

or urine GIP determinations could detect daily ingestion of 50 mg
of gluten in 15-50% of patients and 97-100% for unrestricted gluten
intake (>5 g), as highlighted in a study by Burger and colleagues™°
on 15 patients.

The use of several faecal and/or urine samples at different days
and times of the day and the development of a standardized and
widely accepted protocol would substantially improve the sensitiv-
ity and accuracy of the assessment of diet compliance in patients
with CeD.

Monitoring the effect of gluten avoidance on quality of life
« Recommendation 10. We recommend the promotion of GFD
adherence to improve QoL beyond other clinical benefits. How-
ever, clinicians should be aware that GFD hypervigilance might
diminish QoL and patients should be monitored for this as well.
« Level ofevidence very low; weak recommendation.

Takingintoaccount18studies (14 cross-sectional,threecohort,one
case-control) thatmettheinclusioncriteria, more thanthree-quarters
found a positive association between the level of GFD adherence and
quality of life (QoL) in adults with CeD**'**"'%°, More specifically, in
individuals with CeD, 14 (77.8%) studies suggested that higher GFD
adherence was substantially associated with higher general or
CeD-specific QoL**7*8150157 However, three studies***'° found
no correlation between GFD adherence and higher QoL, and one
study®™® found extreme GFD vigilance associated with lower QoL.
Most studies were conducted in populations of high socioeconomic
status with relatively high GFD adherence and ‘good’ QoL at the
onset. Studies ranged in size (50-7,044 participants), geographi-
cal location (USA: three"**'57: Europe: nine*> #3145 148155158159, Ayg-
traliaand New Zealand: four***"***; Middle-East: two'****°) and used
validated instruments to assess GFD adherence and CeD-specific
or general QoL. Findings were limited in that not all studies relied
on biopsy-confirmed CeD, GFD adherence and QoL were based on
self-reports and the cross-sectional nature of most of the studies
did not infer causation. In addition to increased GFD adherence,
other factors were associated with improved QoL (for example,
increased food security, GFD knowledge, CeD-specific self-efficacy,
self-compassion, autonomous motivation and fewer psychological
and gastrointestinal symptoms) and warrant further study to better
understand their role in monitoring and potential areas for interven-
tion. Itis important to point out that we focused only on general or
CeD-specific QoL and did not consider other aspects of QoL, such as
anxiety, depression and/or disordered eating patterns. Overall, the
findings suggest that, in adults with CeD, monitoring to ensure GFD
adherence might be important to promote improvements in QoL.
However, there remains a concern that extreme GFD vigilance might
diminish QoL and should also be monitored.

Endoscopy and histology
Routine use of follow-up duodenal and bulb biopsy to evaluate
CeD activity
» RecommendOation 11. We recommend against the use of aroutine
re-biopsy strategy in patients with CeD on a GFD.
« Level of evidence very low; strong recommendation.

Theneed for duodenalbiopsiesin CeD follow-up hasbeen debated.
Inthe case of seronegative CeD, the initial duodenal biopsy samples are
essential for a correct diagnosis'; however, additional data on follow-up
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biopsy samples in both seropositive and seronegative CeD revealed
variability of the histological abnormalities throughout the length of the
duodenum and lack of uniform response to gluten elimination, raising
questions about the value of performing follow-up biopsiesin CeD™*° %,
Studies on mucosal healing after treatment with GFD have revealed that
mucosal healing might be slow orincomplete in a substantial number of
patients, with healing achieved in only 30% of patients in some studies
andwith higher recovery ratesin children compared with adults.***11¢,
Challengesin comparing data between biopsy follow-up studies relate to
the use of retrospective versus prospective methodology, the interob-
server variation that occurs in evaluating histology using a categorical
classification scheme (for example, Marsh-Oberhuber algorithm) and
thelack of use of quantitative histology in some studies”*"”",

According to the criteria of the European Society for Paediatric
Gastroenterology Hepatology and Nutrition, serology has primary
importance in the diagnosis of CeD, regardless of symptoms”. A ‘no
biopsy’ approach to CeD diagnosis based on high titres of TG2Ab
has been widely debated as a possible diagnostic approach in a sub-
group of adult populations; one study suggested that the avoidance
of upper endoscopy procedures and biopsies could be achieved in
about one-third of adult patients'”2. Although thisapproachis only for
research purposes, establishing guidelines for obtaining a follow-up
biopsy is challenging when considering these shifts in practice.

Only a few studies exist that link duodenal mucosal status on
follow-up biopsy samples with prognosis, malabsorption, lymphoma
risk and mortality. In these, persistent flat mucosa increases the risk
of malignancy'”. Mortality risk was not increased in a large cohort of
7,648 patients'™ and showed a borderline increase (not statistically
associated with persistent mucosal injury) in a smaller study with
381 patients'”. Conversely, mortality risk was slightly increased in
alarge Swedish study with 49,829 patients®. Similarly, the rates of
other complications, such as anaemia, malignancy and other mal-
absorption features, do not seem to increase in patients with persis-
tent mucosal abnormalities compared with patients with normalized
mucosa’®*16+176717% apart fromaslightly increased risk of hip fracture
exclusively in the case of subtotal or total atrophy’.

Current evidence suggests that the resolution of clinical symptom
statusis the most reliable prognostic factorin CeD, even though these
clinical parameters do not reliably correlate with complete mucosal
healing'.

Insummary, thereisinsufficient evidence to suggest that clinical
outcomes are substantially altered because of routine re-biopsy in
adult patients with CeD.

Recommended timing and sampling strategy of duodenal
biopsy in patients with CeD ona GFD

+ Recommendation 12. We recommend 12-24 months from the
beginning of the GFD as areasonable time frame to repeat duodenal
biopsyintreated patients with CeD, barringa severe clinical course
for whichrepeat biopsy would be indicated in a shorter interval.

« Level of evidence very low; weak recommendation.

« Recommendation 13. We recommend four oriented biopsies in
the second part of the duodenum, plus two oriented biopsies
inthe bulb, as areasonable strategy to assess mucosal healing in
patients with CeD ona GFD.

» Level of evidence very low; strong recommendation.

Currently, there are no studies that indicate the absolute necessity
offollow-up biopsy as routine practice for adult patients with CeD inthe

absence of specific clinical indications. Specifically, follow-up biopsies
are not mandatory if the patient with CeD is asymptomatic, on a GFD
and has no other features that suggest increased risk of complications".
If aroutine biopsy is performed in asymptomatic patients with CeD,
most studies recommend atime interval of atleast 24 months from the
time of the initial biopsy to enable slow recovery, especially in adult
populations'®82183 Ag stated in British and European guidelines"*,
we propose the following recommendation for performing a biopsy
during the follow-up.

Follow-up biopsies should be performed in patients with persis-
tent symptoms despite adherence to a strict GFD; these are patients
who develop additional red flag symptoms (anaemia, diarrhoea, mal-
absorption, weightloss) during gluten elimination and in patients with
persistently positive CeD serology, despite adherence to astrict GFD,
as assessed by adietician (Box1).

To establish the initial diagnosis of CeD, clinical guidelines rec-
ommend obtaining four biopsy samples from the second duodenum
and two biopsy samples from the duodenal bulb to account for the
possibility of a patchy distribution of injury®. Placing duodenal bulb
and distal duodenal biopsy samples in separate specimen contain-
ers at diagnosis is not required but does provide information on the
distribution of mucosal injury should that information be of interest.
To the best of our knowledge, only one study addresses the location
and number of biopsies needed to characterize the mucosal status at
the time of follow-up™. In this study, repeat duodenal biopsies were
performed in 368 patients: the inclusion of biopsy samples from the
first portion of the duodenum increased the detection of persistent
villous blunting by 10%. In light of this finding, and in the absence of
evidence tosuggest otherwise, adherence to current biopsy guidelines
for diagnosis is recommended. Further, to detect patchy mucosal
injury, near-focus narrow-band imaging is encouraged, and it is sug-
gested that endoscopists obtain one biopsy specimen per pass of the
forcepsasasingle-biopsy techniqueimproves the yield of well-oriented
duodenal biopsy specimens’®*'*,

At microscopy, biopsy samples should be evaluated according to
published best practice to ensure that only well-oriented villous-crypt
units areassessed'®. There are data to suggest that morphometric meas-
urements of villous height to crypt depthratios resultinbetter interob-
server agreement on mucosal abnormalities than non-morphometric

Box 1

Indications to perform a
follow-up biopsy in coeliac
disease

Indications to perform a follow-up biopsy in coeliac disease
following strict adherence to the gluten-free diet
o Persisting symptoms
e Development of additional red flag symptoms and/or haematinic
deficiencies
o Positive serology (type 2 transglutaminase antibodies)
¢ Patient choice or preference
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approaches, and it is hoped that digital approaches to mucosal

assessments will become more widely available in the future'®.

Molecular analysis of duodenal biopsy samples in
refractory CeD

Refractory coeliac disease (RCeD) is defined by the persistence of
symptoms and villous atrophy in the absence of other causes despite
astrict GFD for at least 6 months'*®, RCeD can be further classified
as typeland type Il on the basis of the number of aberrant IELs and
clonal rearrangement of the T cell receptor (TCR)'®. These aberrant
IELs (surface CD3™ and intracellular CD3", surface CD8") can be iden-
tified by immunohistochemistry (IHC) and, more accurately, by flow
cytometry.InRCeD typell, aberrant IELs make up 20% or more of total
IELs on flow cytometry and more than 50% on IHC'*°. RCeD type Il is
considered alow-grade intra-epithelial ymphoma'****’ Typically, RCeD
should be managed intertiary or national referral centres with specific
experience in this rare form of CeD.

TCR clonality analysis and immunohistochemistry
« Recommendation 14. We recommend the use of TCR clonality
analysis to subtype refractory CeD. Ifimmunophenotyping by
flow cytometry of isolated small intestinal IELs is not available,
a combinatory approach of TCR clonality analysis and IHC of
duodenal mucosais recommended.
« Level ofevidence very low; weak recommendation.

Eight studies were identified that included data on diagnostic
accuracy for RCeD subtype I or 11", However, none of these was
designed asaprospective diagnostic study, recruiting patients affected
by so-far unresolved enteropathies, including those with a prior diag-
nosis of CeD and following astrict, prospectively designed diagnostic
trait. Furthermore, comparability of the included studies is somewhat
hampered by lack of a gold standard that defines RCeD subtypes and
marked differences in the purpose of these non-prospective studies
that might affect the selection of patients to include ahomogeneous
patient population to address the respective study aims.

In particular, the sensitivity in diagnosis of RCeD type Il with IHC
was found to be 62-100%, whereas specificity was 70-100%'". The sensi-
tivity of TCR clonality analysis by PCR ranged from 53% to 100%, whereas
thespecificity range was 0-100%'?>%°°, Although these ranges document
asubstantial scatter of data, the somewhat more stable sensitivitiesin
analysing the T cell clonality and the more stable specificities in the
IHC analysis would favour a sequential diagnostic process. Moreover,
early studies have shown that patients with evident TCR clonality (RCeD
typell), who present with smallintestinal IELs that are CD8 or TCRa3",
aremore prone to develop an enteropathy-associated T cell lymphoma,
which mightimplicate a prognostic function of this marker'”.

One issue in the interpretation of TCR clonality analyses is how
to deal with an oligoclonal band pattern and prominent clonal peaks.
Generally, most oligoclonal results should be interpreted as normal
(that is, not-disease-related) findings. However, prominent clonal
peaks within an oligo- or polyclonal background can be substantial,
specificallywhenthey are reproducedinindependent mucosal samples
of the same patient®”",

OneIHC analysis that should be further observed isimmunostain-
ing for NKp46*IELs of the smallintestinal mucosa, as this seems to have
avery good discriminatory property'’.

Both techniques, immunophenotyping by IHC and analysis of
TCR clonality, have limitations with regard to diagnostic accuracy.

Specifically, the analysis of TCR clonality by PCR of the variable domain
of the TCR lacks specificity®®.

If other techniques (for example, multi-parameter testing by flow
cytometry) are unavailable, performing a combination of IHC and TCR
clonality testing is recommended.

Diagnostic accuracy of these techniquesincreases whenidentical
prominent clonal PCR sequences are confirmedinasecond independ-
entmucosasample that originates from anindependent gastroscopy
and by interpreting the two diagnostic modalities sequentially by
identifying clonal T cell populations first, and second, by judging the
risk of progressionto lymphomaby IHC immunophenotyping of small
intestinal IELs"".

Role of flow cytometric analysis of isolated small intestinal
intra-epithelial lymphocytes
« Recommendation15. We recommend the use of flow cytometry to
immunophenotype smallintestinal IELs as the reference standard
for subtype RCeD.
« Level ofevidence very low; strong recommendation.

Five studies were identified that included data on diagnostic
accuracy for determination of RCeD subtype by flow cytometry after
immunostaining#170192199202 Most studies identified the so-called
aberrant lymphocyte population by immunostaining for cytoplasmic
CD3"CD7'CD103" lineage lymphocytes in a population of isolated,
mostly IELs from smallintestinal mucosa®’. Again, these studies were not
prospectively designed. Furthermore, the comparability of the included
studies was similarly hampered by the factors listed earlier'®59%2%2,

The sensitivity for diagnosis of RCeD type Il by flow cytometry was,
inmoststudies, as high as 100%. However, these results included some
studies that had not initially been designed to evaluate the diagnostic
accuracy of flow cytometry’*2°2, Nevertheless, one study found asig-
nificantly (P=0.0009) reduced sensitivity for flow cytometry, which
was allocated to a small number of patients (four among 30 patients
withRCeD) with an unusual fate of RCeD, for example, the development
of y8 T cell ymphoma'®’. This study suggested that combining TCR
clonality analysis and flow cytometry resultsinanincreased diagnostic
yield. This observation'”’ needs to be critically appraised, as some of
the studiesintroducedin the previous paragraph described markedly
decreased sensitivities for the TCR clonality analysis.

Ifavailable,immunophenotyping of isolated small intestinal IELs
by flow cytometry afterimmunostaining should be performed for RCeD
subtyping, asit has high diagnosticaccuracy. The panel should comprise
atleast the following antibody markers: surface CD3, intracytoplasmic
CD3, CD7,CD103, CD45 and, eventually, other markers, such as CD4,
CD8 and TCRantibodies.

As one study identified a circumscribed lack of sensitivity of this
technique'®?, a combinatory approach analysing small intestinal TCR
clonality and immunophenotyping of small intestinal IELs by flow
cytometry canbe considered.

Monitoring of CeD with small bowel endoscopy
« Recommendation 16. We recommend the use of capsule endos-
copy and/or device-assisted enteroscopy in CeD monitoring in
cases of suspected complications and RCeD.
« Level of evidence very low; strong recommendation.

Features of CeDinthe smallbowel, suchasvillous atrophy, scalloping
offolds, mosaicism, nodularity of the mucosa, fissuring of folds and ulcers,
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can be delineated on small bowel capsule endoscopy (SBCE)**?%, The
sensitivity of SBCE to delineate features of CeD varies between 70% and
93%and the specificity varies between 90% and 100%°>*°42°¢21°. However,
duodenal histology remains the gold standard in making the diagnosis.

SBCE has a role in the diagnosis of CeD in which there is inad-
equate evidence for the diagnosis of CeD (normal or mildly positive
CeD serology or evidence of Marsh 1 and 2 disease but with absence
of villous flattening) or in which patients refuse or cannot undergo a
gastroduodenoscopy for duodenal biopsy samples® 2,

Patients withestablished CeD occasionally present with persistent
orrecurrent signs and symptoms of malabsorption. These individuals
require further investigation to rule out other causes for their symp-
toms, including inflammatory bowel disease. Although duodenal his-
tology helps to determine whether thereis persistent disease, SBCE can
have arole in assessing disease extent in the small bowel and exclude
complications**2%,

Thelength of the affected smallbowel has a poor correlation with
clinical symptoms and coeliac serology®**?°*29729°227 These should not
determine whether further investigations, including SBCE, are carried
outin patients with persistent symptoms. There are only limited data
that correlate symptoms and coeliac serology with a diagnostic yield
of SBCE for CeD features and extent of disease?****,

Although SBCE has high sensitivity for the detection of macro-
scopic changesin CeD, there is poor correlation between the severity
of duodenal histology and CeD-related findings on SBCE********’, Only
afewstudies describe a positive correlation between findings on SBCE
and the severity of histology**>*?.

RCeDis arecognized complication of CeD. RCeD typell carries a
low survival rate’*. SBCE canidentify complications of RCeD that most
commonly occur in the distal small bowel, such as adenocarcinoma
and enteropathy-associated T cell ymphoma?”***% Dedicated small
bowel radiology has a complementary role to SBCE in the diagnosis
of malignancies, in staging or in cases in which there is a high suspi-
cion of malignancy but a negative SBCE"*?****°, However, superficial
ulceration, mainly occurring in the pre-malignant phase (ulcerative
jejunoileitis), can be missed by radiology and is more accurately
assessed on SBCEZZO,ZZZ,ZB,ZZS,ZZ‘).

A histological diagnosis of malignancy can be confirmed during
device-assisted enteroscopy in patients with suspected complications
delineated on SBCE?$%*72,

Patients with RCeD require close monitoring and regular screen-
ing withrepeated duodenal histology to assess RCeD typeland typell,
and repeated SBCE can be helpful in measuring the extent of the dis-
easeand ruling out complications. The interval of surveillance remains
unclear®*?*, Patients with a complicated disease tend to have a
large portion of the small bowel involved and a corresponding worse
prognosis (RCeD type Il versus type I versus uncomplicated CeD)**.
The extent of disease (that is, the number of small bowel segments
involved) can be assessed on SBCE as a measurement of response to
treatment in RCeD**. Mild or no improvement in the extent of the
disease canbe considered anindication to alter or step up therapy?".

Other investigations
Evaluation of intestinal absorption in CeD: D-xylose breath
test or urinary mannitol secretion
« Recommendation17. We donot recommend the use of the D-xylose
breath test or urinary secretion test for absorption evaluationin
patients with CeD.
» Level of evidence very low; strong recommendation.

Permeability testing (D-xylose testing, lactulose to mannitol ratio)
might detect changes in intestinal permeability associated with CeD;
however, evidence of its use is limited and mostly dated, with a sensitiv-
ity and specificity subject to substantial variability. Therefore, these
tests are not recommended during follow-up in patients with CeD*%**,

Bone mineral density

One of the most common and well-documented extra-intestinal mani-
festations of CeDis bone disease (osteopenia and osteoporosis), which
increases fracture risk?*°. Bone tissue undergoes life-long remodelling
involving synthesis and resorption processes**. Althoughbone health
hasbeen clinically recognizedin CeD for several decades, theintroduc-
tion of bone mineral density (BMD) measurement via dual-energy X-ray
absorptiometry (DXA) inthelate 1980s allowed the objective measure-
ment of BMD at different body sites**”. Bone loss isacommon findingin
untreated patients with CeD, despite many of them not meeting the crite-
riafor osteoporosis*”. Although malabsorption has been causally linked
to adverse bone health in CeD, current studies have shown that genet-
ics, local and systemic immunological factors, lack of physical activ-
ity and potential microbiota abnormalities might contribute to bone
deterioration****, Indeed, osteoporosis prevalence as measured by
DXAscanis affected by, among other factors, biological sex, geography,
areaof skeletonmeasured, age at disease onset and at diagnosis, clinical
phenotype, menopause or andropause, and the degree of adherence to
the GFD*%**, Because of the multifactorial nature of osteoporosis, its
worldwide prevalence in CeD ranges from 1.7% to 42%**'. According to
two meta-analyses that investigated the most common clinical conse-
quences of osteoporosis, there is a 60-100% excess of bone fractures
before CeD diagnosis compared with the general population*****’, Nota-
bly, after the first year of the GFD, fracture excess is comparable to that
ofthe general population despite the fact that BMD is not normalized in
most patients with osteoporosis®’. A decrease in BMD, as measured by
DXAinapatientonaGFD, might be dueto poor dietadherence, the onset
of menopause or andropause, or other factors related to osteoporosis,
but not necessarily to CeD pathogenesis.

Although the Fracture Risk Assessment tool has been developed
to estimate the 10-year probability of major osteoporotic fractures and
mortality riskin the general population, thereis no concrete evidence
ofthe value of incorporating this tool in the assessment of patients with
CeD. Future work will determine whether approaches such as this help
in the evaluation of bone health in individuals who are undergoing a
targeted GFD*'.

Impaired BMDis frequentin untreated CeD, leading toanincreased
risk of bone fractures®". Delaysin diagnosis are associated with severe
bone deterioration*, Despite microstructural evidence of bonelossin
most patients, including those with normal BMD*?, studies have shown
that the deterioration of bone health is greater in patients with a clas-
sical clinical presentation than in patients with subclinical or asymp-
tomatic CeD**’. DXA can provide information about baseline BMD in
patients newly diagnosed with CeD. Other surrogate markers of bone
metabolism, such as serum levels of ionic calcium, serum vitamin D,
bone-specific alkaline phosphatase, parathyroid hormone or surro-
gate markers of bone resorption (such as cross-linked C-telopeptide,
C-terminal telopeptide of typel collagen, cross-linked N-telopeptide),
can provide incremental information on bone metabolism**°.

The evidence discussed earlier supports that DXA and bone
metabolism markers could be useful to assess baseline bone health
at diagnosis; however, experts have not reached consensus on the
best time to indicate this test. An accurate diagnosis of bone health
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deterioration can enable interventions to delay or correct compli-
cations. On the other hand, bone health evaluation using DXA in
patients with subclinical or asymptomatic CeD has not been suffi-
ciently investigated, and no appropriate indications have been
developed to date. These gaps should be addressed toimprove bone
health management and the prevention of complications following
the initiation of a GFD.

Following the start of a GFD, BMD has been shown to improve®”.
This beneficial effect is associated with a reduction in bone frac-
tures, even though this clinical event is not solely dependent on bone
strength®°, Patients with the most severe BMD baseline impairment

a Testand parameters
Monitoring

Dietician interview —

CeD .
diagnosis Urine and faecal GIP —
Questionnaires —
~ | GFD 4
TG2Ab —
Blood tests —

Symptom response

Duodenal histology

CeD |
tivit
actvity Enteroscopy —
TCR, flow cyt —
“————— | DXA —

rarely normalize bone mineral content. Despite persistent BMD impair-
ment, as measured by DXA, 1 year after the GFD, bone fracture risk
normalizes™.

Similarly, despite the fact that BMD in patients with subclinical or
asymptomatic CeDis usually impaired at baseline, the low prevalence
of fractures, which was comparable in 148 patients with CeD and 296
individuals as controls, casts doubt on the need for annual DXA meas-
urement. However, the demonstration of BMD deterioration after
initiation of the GFD in such patients, which is, in most cases, second-
arytodietetic transgressions®*, can be astrong argument toimprove
dietetic compliance advice for adequate calcium and vitamin D intake

Reference standard to evaluate GFD adherence and quality

Direct testing for evaluation of potential gluten exposure

Simple and practical tool to evaluate GFD adherence in case of dietician unavailability

Useful for evaluation of chronic gluten exposure; not reliable for prediction of mucosal atrophy

Assessment of blood counts, vitamins and micronutrients to assess nutritional status and intestinal function

Symptoms improvement could indicate GFD responsiveness and remission of CeD activity

Reference standard for evaluation of CeD activity; however, repeat biopsy should be based on patient
characteristics rather than routinely performed. When performed should generally be >12 month after diagnosis

To be used in cases of suspected CeD-related complications or RCeD

Used to subtype refractory CeD in type | or Il

Can be considered for assessment of low BMD given prevalence of osteopenia and/or osteoporosis in CeD

To be monitored on an yearly basis with the involvment of a dietician or nutritionist expert in GFD

To monitor and evaluate only in case of non-responsiveness to GFD, suspicion of a refractory state

To evaluate newly diagnosed patients with CeD with an additional risk factor for low BMD, e.g. menopause

b Expected normalization timeline

\ \ \

1-4 weeks 6 months

Histology
TG2Abs

Symptoms

No improvement

Improved

Fig.1|Summary of the main biomarkers, clinical parameters and tests
used to monitor coeliac disease activity and gluten-free diet. a, Here are
indicated the parameters related to the gluten-free diet (GFD) monitoring,
coeliac disease (CeD) activity and dual-energy X-ray absorptiometry (DXA)
usually considered a consequence of prolonged malabsorption. Alterations
of anti-type 2 transglutaminase antibody (TG2Ab), symptoms and blood tests
during the monitoring phase could be considered the expression of both GFD

1year

To monitor in case of
non-responsiveness to GFD

Routinely monitored
(to be repeated periodically)

=3 ¢ Dietician interview
» Questionnaires
e Symptoms
e TG2Ab and blood tests
(to evaluate global
GFD response)

o Urine and/or faecal GIP
(to detect gluten ingestion)
o Duodenal histology
e TCR
o Flow cytometry
* Enteroscopy
(to verify the presence of RCeD)
* DXA
(to evaluate BMD)

low adherence and/or residual activity of CeD. T cell receptor (TCR) clonality

and duodenal flow cytometry (flow cyt) recognize and classify arefractory

state, lor II. b, The lower panel of the figure shows that symptoms and biomarkers
(such as antibodies and histology) usually recover in different time frames, with
symptoms resolving more quickly than histological changes. BMD, bone mineral
density; GIP, gluten immunogenic peptide; RCeD, refractory coeliac disease.
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Table 1| Summary of recommendations

Recommendation Strength  Level of
evidence

Blood tests

1. We recommend routine serological assessment with anti-TG2 IgA serum levels in patients with CeD on a GFD; a positive value suggests ~ Strong Very low

poor dietary adherence or gluten contamination, whereas a negative value cannot confirm strict adherence or lack of gluten exposure

2. We do not recommend normalization of serology (anti-TG2 IgA) as a marker of mucosal recovery during a long-term GFD owing to poor  Strong Very low

sensitivity for the identification of persistent villous atrophy

3. We recommend the use of clinical chemistry analysis of blood count, iron, folate and other micronutrients for the evaluation of Strong Very low

malabsorption and nutritional status in patients with CeD on a GFD

GFD evaluation

4. We recommend the use of dietetic evaluation to assess patient adherence to the GFD Strong Low

5. We recommend a dietetic evaluation to monitor the nutritional balance of the GFD during follow-up Weak Very low

6. We recommend the use of a standardized patient-reported adherence questionnaire as a reasonable method of adherence assessment ~ Strong Very low

when an expert dietician is not readily available

7. We recommend the use of adherence questionnaires as part of a holistic clinical assessment Weak Very low

8. We recommend the determination of GIPs in urine or stool in cases of non-responsive CeD when gluten intake is suspected Strong Very low

9. We recommend the use of GIPs to prove estimated gluten intake Weak Very low

10. We recommend the promotion of GFD adherence to improve QoL beyond other clinical benefits. However, clinicians should be aware ~ Weak Very low

that GFD hypervigilance might diminish the QoL, and patients should be monitored for this as well

Endoscopy and histology

11. We recommend against the use of a routine re-biopsy strategy in patients with CeD on a GFD Strong Very low

12. We recommend 12-24 months from the beginning of the GFD as a reasonable time frame to repeat duodenal biopsy in treated patients ~ Weak Very low

with CeD, barring a severe clinical course for which repeat biopsy would be indicated in a shorter interval

13. We recommend four oriented biopsies in the second part of the duodenum, plus two oriented biopsies in the bulb, as a reasonable Strong Very low

strategy to assess mucosal healing in patients with CeD on a GFD

14. We recommend the use of TCR clonality analysis to subtype refractory CeD. If immunophenotyping by flow cytometry of isolated Weak Very low

smallintestinal IELs is not available, a combinatory approach of TCR clonality analysis and IHC of duodenal mucosa is recommended

15. We recommend the use of flow cytometry to immunophenotype small intestinal IELs as the reference standard for subtype RCeD Strong Very low

16. We recommend the use of capsule endoscopy and/or device-assisted enteroscopy in CeD monitoring in cases of suspected Strong Low

complications and RCeD

Other Investigations

17. We do not recommend the use of the D-xylose breath test or urinary secretion test for absorption evaluation in patients with CeD Strong Very low

CeD, coeliac disease; GFD, gluten-free diet; GIP, gluten immunogenic peptide; IEL, intra-epithelial lymphocyte; IHC, immunohistochemistry; QoL, quality of life; RCeD, refractory coeliac

disease; TCR, T cell receptor; TG2, type 2 transglutaminase.

and physical exercise, although the latter seems to have aless relevant
role in ameliorating BMD in premenopausal women®”, In some cases,
and despite strict GFD adherence, bone deterioration might be related
to secondary intrinsic bone disorders that are unrelated to CeD**".
Finally, menopause and andropause can affect bone mineralization and
quality®*°. Thus, it seems reasonable to investigate BMD by DXA in any
patient with CeD who has reached this stage of life. In the absence of
scientific evidence, we suggest adherence to the accepted international
guidelines on osteoporosis®’*,

Conclusions

CeDisanincreasingly important public health concern, given the high
prevalence of the disease and the growing appreciation of the poten-
tial long-term effects of this disease on patients and the health-care
system. As CeDis alife-long condition with increased risks of systemic

complications and limitations in current dietetic treatments, ongo-
ing monitoring has been frequently recommended. However,
evidence-based guidelines for monitoring practices are not available.
Inthisarticle, we attempt to provide recommendations regarding the
use of key monitoring assessments frequently used in current clinical
practice (summarizedinFig.1and Table1).In Box 2, the main concepts
are briefly described.

The strengths of this work include the rigorous approach using
modern GRADE methodology and the inclusion of experts in CeD
from a wide range of disciplines. However, we acknowledge that the
level of evidence is low. In addition, these guidelines are focused on
the follow-up of adults with CeD and might not apply to paediatric
populations.

Unfortunately, as a result of the systematic evaluation of the
currently available research in the monitoring of patients with CeD,
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Box 2

Main monitoring indications

Key points to consider during coeliac disease monitoring

e Type 2 transglutaminase antibody (TG2ADb) titres should be
regularly monitored, as persistent elevation is suggestive of
gluten exposure; however, the normalization of TG2Ab is not a
sensitive marker of mucosal normalization.

e Nutritional testing in patients on a gluten-free diet (GFD) should
be based on deficiencies observed at diagnosis, with special
attention to iron, vitamin D and metabolic parameters. Thus,
in the absence of risk factors and comorbidities, blood tests to
routinely monitor coeliac disease (CeD) should include blood
count, iron status, liver enzymes and vitamins.

e Evaluation by a specialist dietician for the assessment of
GFD adherence appears to perform better than adherence
questionnaires; however, combination of dietetic assessment
with adherence questionnaires and gluten immunogenic peptide
testing might be more accurate than dietetic assessment alone.

the present work underlines the lack of evidence and the need for
further research in this field. The lack of research on relevant issues
that form the basis of CeD monitoring is surprising. The frequency of
controls is not established and is usually driven by regional organiza-
tions rather than scientific evidence. There are multiple professional
figures included in the monitoring phase, but they are dependent on
local resources and organizations. The dynamics of TG2Ab IgG levels
to detect poor dietetic compliance in CeD with IgA deficiency is com-
pletely unknown. Furthermore, the optimal method for tissue sampling
during upper endoscopy in the case of a follow-up biopsy is also com-
pletely unknown, such as the possible adoption of different grading
systems at diagnosis and during follow-up?’. In reality, the Marsh score
servesasanindicator of the most severe histological lesionidentified,
without taking into account the percentage of mucosal involvement.
However, it isimportant to note that mucosal involvement might still
hold importance in the context of ongoing monitoring®”’. The role of
bulb biopsies in follow-up is far from clear’*°, The use of GIP detection
in urine and stool, included here for the first time, is becoming more
and morerelevantinthe evaluation of GFD adherence'*, and represents
the only way to test the presence of gluten in patients’ diets directly.
Telemedicine emerged as a crucial tool during the coronavirus disease
2019 (COVID-19) pandemic for the continuous monitoring of various
gastrointestinal diseases. Although its application for this purpose
was highly desirable, its potential future integration, in conjunction
with point-of-care tests, to monitor CeD and assess adherence toa GFD
presents certain uncertainties®'. From this point of view, the present
articlerepresents animportantinstrumenttodrive clinical researchin
the next years.

In conclusion, we anticipate that this guideline will provide prag-
maticinformationto clinicians and enable theimprovement and con-
sistency of care of patients with CeD, as well as highlight important
areas for future research.

Published online: 18 December 2023

Evaluation by a specialist dietician remains the gold standard
for assessment of the nutritional quality of the GFD to support
patients in achieving optimal micronutrient intake and
macronutrient balance.

Repeat duodenal biopsy on a GFD might not be routinely
necessary; however, when performed, it should generally be
12-24 months after diagnosis.

Video capsule endoscopy, enteroscopy and assessment

of T cell receptor clonality and lymphocyte aberrance by

flow cytometry should be considered in patients with ongoing
or alarming symptoms, including suspicions of CeD
complications.

Bone mineral density should be considered in most adult
patients after CeD diagnosis, especially when premenopausal
or andropause age is approaching.
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