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1 | INTRODUCTION

Summary

Coeliac disease is a lifelong immune-mediated enteropathy with systemic features
associated with increased morbidity and modestly increased mortality. Treatment
with a strict gluten-free diet improves symptoms and mucosal damage but is not
curative and low-level gluten intake is common despite strict attempts at adherence.
Regular follow-up after diagnosis is considered best-practice however this is exe-
cuted poorly in the community with the problem compounded by the paucity of data
informing optimal approaches. The aim of dietary treatment is to resolve symptoms,
reduce complication risk and improve quality of life. It follows that the goals of moni-
toring are to assess dietary adherence, monitor disease activity, assess symptoms
and screen for complications. Mucosal disease remission is regarded a key measure of
treatment success as healing is associated with positive health outcomes. However,
persistent villous atrophy is common, even after many years of a gluten-free diet. As
the clinical significance of asymptomatic enteropathy is uncertain the role for routine
follow-up biopsies remains contentious. Symptomatic non-responsive coeliac disease
is common and with systematic follow-up a cause is usually found. Effective mod-
els of care involving the gastroenterologist, dietitian and primary care doctor will
improve the consistency of long-term management and likely translate into better
patient outcomes. Identifying suitable treatment targets linked to long-term health

is an important goal.

follow-up is often inconsistent or absent altogether.**® For many
chronic illnesses, such as type 1 diabetes, the importance of main-

Coeliac disease is a lifelong immune-mediated enteropathy associ-
ated with important systemic manifestations.>? A strict gluten-free
diet (GFD) is the cornerstone of management but does not resolve
the underlying immune cause of coeliac disease.® The GFD imparts
a substantial treatment burden,* and many patients fail to achieve
complete symptom or mucosal remission. As coeliac disease is as-
sociated with increased morbidity and modestly increased mortal-
ity, periodic medical follow-up is considered a crucial component
of patient care®® but this is compromised by the paucity of evi-

dence to inform best-practice approaches.9’10 As a result, real-world
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taining long-term follow-up to assess disease status, treatment
efficacy and monitor for complications is well established in the
medical community, however, for coeliac disease, this is typically
not the case, even though the monitoring goals are the same.>¢7814
For patients, the key goals of treatment are to resolve symptoms,
reduce the risk of complications and achieve optimal quality of life,
and for clinicians, disease remission also encompasses healing of the
enteropathy. Effective models of care that leverage local medical
and allied health expertise, ideally involving a gastroenterologist,

dietitian and primary care provider, will support these goals but will
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require flexibility to ensure they can be practically implemented
across a range of patient populations. Appropriate follow-up in de-
veloping nations where there are challenges with medical infrastruc-

ture and resources is an unmet need.

2 | MUCOSAL HEALING

2.1 | Morbidity and mortality in coeliac disease

Mucosal healing is a key goal of treatment (Figure 1). While this is
well accepted, the evidence base to support mucosal remission in
improving outcomes in coeliac disease is relatively modest, as the
large, prospective studies needed to demonstrate a clear benefit are
challenging to perform. Observational studies lend support to this
goal, but retrospective studies can be limited by selection bias. For
example, follow-up biopsies are often reserved for clinically unwell
patients with pathology, so the significance of asymptomatic enter-
opathy at a population level remains poorly defined.

Persistent villous atrophy and inflammation are associated with
greater morbidity, such as the increased risk of hip fractures®® and
lymphoproliferative malignancy® and mucosal healing improves out-
comes. For example, compared with the general population, coeliac
patients with persistent villous atrophy have a 3.78-fold (Cl 2.71-5.12)
increase in lymphoproliferative malignancy, while those with muco-
sal healing have a 1.5-fold (Cl 0.77-2.62) increase. To put this risk in
perspective, the absolute risk of lymphoproliferative malignancy in

coeliac disease is low, approximately 70 per 100,000 person-years.'”

Coeliac disease is associated with modestly increased mortality*8-2°
but an association between persistent villous atrophy and mortality
has not been shown.?! Likewise, the effect of a GFD on mortality is
unclear, as the data are limited to retrospective studies at risk of bias.

A GFD clearly benefits some complications, such as reduced
bone mineral density or abnormal transaminases. However, the de-

gree of reversibility depends on the complication and its severity;
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for example, the benefit of a GFD in established osteoporosis is
more modest than in osteopenia.” The benefits of a GFD in reducing
gluten-induced inflammation and end-organ effects translate into a

significant restoration of quality of life.?22°

2.2 | What s the goal of healing?

The degree of healing that constitutes sufficient mucosal disease re-
mission is uncertain. It remains unclear if normal architecture with
raised intraepithelial lymphocytes (Marsh 1) is similarly acceptable
to complete mucosal normalisation as Marsh 1 changes have been
linked to a modest mortality increase in coeliac disease.” The signifi-
cance of enteropathy confined to the duodenal bulb is unknown.?®
We must sensitively communicate the goals of treatment to our
patients, as those conscientiously avoiding gluten are understand-
ably upset and frustrated by the finding of persistent enteropathy,
and hypervigilance and fear of gluten exposure are associated with
greater anxiety and depression.?’

Coeliac patients show highly variable mucosal healing rates on
a GFD in follow-up studies ranging from 6 months to 10 years.?84°
Rates of healing after 2 years are between 12% and 79% with variabil-
ity likely resulting from retrospective studies, how mucosal recovery
was defined and histology reported, and variations in GFD duration,
GFD adherence and patient age.** Mucosal healing in children is also
variable but tends to be faster and more complete than in adults (gen-
erally >80% at 2 years).37#24344 A prospective study of Spanish adults
showed villous atrophy affected 40/76 (53%) after 2 years despite
rigorous GFD education and monitoring.%” In 93 US and Australasian
adults with coeliac disease on a strict GFD for a median of 6 years,
mucosal disease was common (58% Marsh 3a/b and 35% Marsh 2),
with minor changes in 6% (Marsh 1) and normal histology (Marsh 0)
in only 1%; 90% of those with villous atrophy were transglutaminase
antibody negative.®® These striking findings were based on quantita-

tive morphometry, the gold-standard histological reporting approach
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—
Resolve symptoms
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intestinal mucosal
healing
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FIGURE 1 Goals of treatment and follow-up. Reducing gluten-induced immune inflammation is the key goal of treatment and currently,
this is achieved with a gluten-free diet (GFD). Successful treatment will lead to mucosal healing, resolve symptoms, reduce the risk of
complications and improve quality of life. A strict GFD is not a goal of treatment but the current means to achieve treatment outcomes,
and eventually may be superseded by more effective approaches. The key components of medical follow-up aim to monitor the outcomes

highlighted in the green boxes
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for clinical trials favoured for its excellent accuracy and reliability.*>*¢

Collectively, the data support the notion that persistent enteropathy
affects most adult coeliac patients on a long-term GFD, even those
with strict adherence and negative coeliac serology.

While any degree of villous atrophy and inflammation is intui-
tively undesirable, the prognostic significance of persistent en-
teropathy is poorly understood, particularly in the asymptomatic
individual. Patients with suboptimal GFD adherence lost to care
will not be captured in follow-up studies. While asymptomatic en-
teropathy has been associated with an increased risk of osteoporo-
sis, refractory coeliac disease and malignancy,*” the study was small
(n = 13) and potentially affected by referral bias. Nevertheless, the
finding may support more intensive dietary management and closer
monitoring for complications, such as reduced bone density.

Is mucosal healing a realistic goal in all patients with a GFD alone?
Although a 99% reduction of gluten intake is achievable with a GFD
(based on daily average estimates of 15 g dietary gluten intake*® and

150 mginadvertent exposure),49

it seems likely that the GFD for many,
if not most, patients is insufficient to induce complete symptomatic
and mucosal remission. We need to understand the significance of
persistent enteropathy to inform treatment goals and focus efforts on

developing better therapeutics more effective than the GFD alone.>®

2.3 | Role for follow-up biopsies

There is broad agreement that follow-up biopsies are warranted in
patients with persistent symptoms on a strict GFD. However, the role
of routine follow-up biopsies, especially for patients with negative
coeliac serology, replete nutritional markers and stable bone density,
remains contentious. Surrogate markers of intestinal healing, such as
normalisation of coeliac serology, are frequently used in the clinic and
are simple, minimally invasive and preferred by patients, but they have
poor predictive value for mucosal healing.”?¢%>>* Non-invasive mo-
lecular markers of mucosal healing have been assessed, for example
intestinal fatty acid-binding protein (I-FABP), but lack sufficient util-
ity to inform clinical practice.”? Small intestinal histology is the only
approach that can accurately assess mucosal activity, but is highly
dependent on sufficient duodenal sampling (multiple biopsies across
several parts of the duodenum), well-oriented biopsies and standard-
ised histopathological interpretation®®; however, there is scepticism
that this can be consistently achieved in clinical practice.33'53
Follow-up biopsies can inform clinical decision-making. In symp-
tomatic patients, or those with nutrient deficiencies or worsening
bone mineral density, histological reassessment can help determine
if these issues can be attributed to persistent coeliac disease activity.
This supports intensification of dietary management, including evalu-
ation of knowledge and practices, and possible consideration for more
stringent dietary approaches such as the gluten contamination elim-

ination diet>*

or adjunctive medication. If refractory coeliac disease
is diagnosed, specialist management can be initiated. Reassessment
allows other gastrointestinal issues, for example gastritis to be iden-
tified and managed. If the intestinal mucosa is healed, other causes

for the persistent issues can be examined (discussed below). In
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asymptomatic patients, or those who were coeliac serology-negative
at diagnosis, histological reassessment is the only informative readout
of disease activity. Importantly, histological assessment involves our
patients with their ongoing care, and the findings can often be used
to empower and support them in maintaining dietary adherence.

An argument against routine follow-up biopsies has been the lack
of treatment approaches beyond the GFD if enteropathy is found.
This situation is changing as the unmet need for effective therapies
in persistently active coeliac disease is increasingly acknowledged by
industry and novel therapies for this indication are in the pipeline.>°
Open-capsule budesonide, widely employed in refractory coeliac dis-
ease,” has shown promise in a retrospective study of non-responsive
coeliac in improving symptoms in 57% and villous damage in 46%.%¢
The availability of pharmacological options that induce mucosal re-

mission will strengthen the argument for histological reassessment.

2.4 | Timing of endoscopy

The optimal timing for endoscopic follow-up, if undertaken at all, is un-
clear. In adults, repeat endoscopy after 2 years on a GFD is often recom-
mended to confirm mucosal healing if the patient has clinically stabilised
and coeliac serology has normalised. If not done routinely, then it should
be strongly considered in patients at higher risk of incomplete recovery,
such as those with severe initial mucosal damage®’ or presentation or
older age at diagnosis, for example 40 and above.>* Earlier endoscopy
is indicated in the clinically non-responsive patient. For patients who have
achieved mucosal remission on a GFD, there are no current data to sup-

port the need for ongoing endoscopies if the patient remains clinically well.

3 | MONITORING THE GFD

A strict and lifelong GFD is challenging and imparts a substantial treat-
ment burden.* Strict dietary adherence is variable, ranging between 42%
and 91%.°% In practice, strict avoidance of gluten is aspirational rather
than completely achievable, with recent studies highlighting a high
rate of gluten exposure even in patients with apparently strict adher-
ence.3°7061 A important contributor is gluten cross-contamination,
which affects 2.1%-37% of labelled and non-labelled gluten-free food
products.®? Periodic follow-up to monitor GFD adherence based on his-
tory and coeliac serology is recommended.>® However, while a history of
dietary non-adherence or positive coeliac serology is strongly associated
with intestinal damage, a history of dietary adherence and negative se-
rology poorly predict healed mucosa.*° The following approaches may be
used to help build a picture of dietary adherence but biopsies are the fall-

back approach when mucosal healing needs to be assessed accurately.

3.1 | Dietitian review

Dietitian-led evaluation of the GFD is highly valuable for identifying gaps in
knowledge or practices leading to inadvertent gluten ingestion. While tradi-

tionally considered closest to a gold standard, itis time consuming and limited
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by interobserver variability and lack of standardisation. Even when patients
have good knowledge, practices and motivation to follow a strict GFD, their
attempts may be thwarted by inadvertent gluten cross-contamination, a
common problem."’}65 As a major cause of persistent symptoms in coeliac
disease is irritable bowel syndrome,‘f’f"67
therapy with a low fermentable carbohydrate (FODMAP) diet®® and advise

on the practical challenges of combining this treatment with a GFD.

adietitian is ideally placed to initiate

3.2 | Dietary adherence questionnaires

GFD adherence questionnaires are simple, rapid to administer and pro-
vide a quantitative readout of dietary adherence. However, both the 4-
item® and the 7-item Celiac Dietary Adherence Test’® questionnaires
have poor sensitivity in detecting villous atrophy, of 25%-33%*>" and
55%,%% respectively. While useful for clinical studies, the practical ap-

plication of dietary questionnaires in the clinic appears limited.

3.3 | Symptom assessment

Improvement of coeliac-related symptoms on a GFD is an encouraging
marker of treatment response and can occur within days to weeks.”?
Poor clinical response coupled with poor GFD adherence is linked
to a high risk of persistent villous atrophy (46%; 95% Cl 25-68).7%
However, in isolation, the presence or absence of symptoms on a GFD
are poor predictors of mucosal healing’* and are not informative in
patients who have few or no symptoms at diagnosis. Interestingly,
some initially asymptomatic patients report subsequent sensitivity to
accidental gluten exposure after some time on a GFD. Symptoms of
coeliac disease are heterogeneous and can be caused by other issues
such as irritable bowel syndrome.®®®” Psychosocial factors may be
more important than disease indices such as villous damage in deter-

mining gastrointestinal symptoms and health-related quality of life.””

3.4 | Nutrient assessment

Nutrient deficiencies are common in coeliac disease at diagnosis and
during treatment and mostly relate to impaired intestinal absorp-
tion.#L767778 Although poorly predictive of mucosal healing, the
presence of nutrient deficiencies such as low iron can be a clinical

clue suggestive of active disease.

3.5 | Coeliac serology

The circulating levels of antibodies to transglutaminase, endomysium
and deamidated gliadin peptides provide an indirect immune readout
of disease activity.”? Coeliac serology generally normalises on a GFD,
mostly by 24-36 months.&° The amount and duration of gluten required
to trigger an increase are highly variable.®* While coeliac serology is fre-
quently used as a surrogate marker of intestinal healing they each have

poor sensitivity for detecting villous atrophy (50% for transglutaminase
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antibodies), with similar levels of performance in paediatric and adult
patients.>! During clinical follow-up, maintenance of a normal trans-
glutaminase antibody level is often taken to be a reassuring marker of
dietary adherence,®? however, normal values are not predictive of mu-
cosal recovery.®3358384 The main value of serological monitoring is as
a marker of non-adherence to the diet, as a failure to normalise values
or persistently positive values on a long-term GFD suggests ongoing
gluten ingestion. Coeliac serology lacks sensitivity to detect small or
infrequent dietary indiscretions. The normalisation of coeliac serology
can be used to positively reinforce GFD adherence with our patients,

but the focus should be on the trend rather than absolute values.

3.6 | Gluten immunogenic peptide assessment

The detection of gluten immunogenic peptides (GIPs) in urine or fae-
ces provides an objective measure of dietary gluten intake,8>"® but
important questions remain regarding how they can be best utilised
in the clinic. The GIP ELISA assay detects a major wheat alpha-gliadin
peptide and is highly sensitive, and a less-studied lateral flow kit allows
patients to perform the test at home. Observational studies employing
the GIP assay highlight unintended gluten ingestion in treated coeliac
disease is common, with higher rates seen with more regular testing
over longer intervals. Positive urine or faecal GIP in treated coeliac dis-
ease ranges from 25% to 48% (one or two total samples),g‘s*s&89 to 69%
(twice weekly faecal GIPs performed four times over 2 years)®’ and up

to 89% (three-times per week for 4 weeks).!

A study coupling assess-
ment of food intake and GIP excretion confirmed the dietary origin for
positive GIPs and showed most gluten exposures were asymptomatic
and unsuspected.60 Objective testing of gluten intake is likely to pro-
duce confronting results for patients who are strict with their GFD.
GIP testing is superior to dietary questionnaires, coeliac serology
and symptom status to detect dietary transgressions,®®7° but the
relationship between a positive GIP and villous atrophy is less clear.
Positive GIP correlated with villous atrophy in 25 coeliac patients
at 2-year follow-up, where all those with quantifiable GIP showed
incomplete intestinal mucosal recovery and 89% with no villous at-
rophy had no detectable urine GIP.8” However, recent studies have
failed to show a relationship between positive GIP and villous atro-
phy.3”%? GIP testing is increasingly being utilised in clinical trials as a
tool to confirm the adequacy of the GFD. More studies are needed
to understand the relationship between GIP detection and villous
atrophy, and if very low levels of GIP are clinically significant and
correlate with persistent enteropathy. An understanding of the ki-
netics of GIP excretion after real-world gluten exposure is needed to
inform the optimal timing and application of these tests in the clinic.
Greater availability of GIP testing and clarification of their utility in

real-world settings will support more widespread implementation.

4 | MONITORING FOR COMPLICATIONS

Gluten drives the enteropathy of coeliac disease through the ac-

tivation of gluten-specific T cells that orchestrate a cascade of
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pro-inflammatory events leading to mucosal destruction and systemic
cytokine release.””?! Given this systemic response, coeliac disease
is associated with a wide range of complications that can develop at
any stage, with some more common after protracted gluten exposure
(Table 1).? As the development of these complications can be silent or
difficult to detect, early recognition through screening tests is impor-

,6,7,8,14,92

tant. Periodic follow-up after diagnosis is recommended® and

a suggested approach is outlined in Figure 2.

4.1 | Regular assessment

Routine assessment should evaluate GFD adherence, determine nu-
tritional status and monitor for complications based on a combina-
tion of history, coeliac serology and other lab-based tests. A dietitian
with expertise in coeliac disease is vital for providing GFD education
and reviewing its progress, including the adequacy of GFD knowl-
edge and practices. Dietary review is particularly useful in patients
struggling with motivation or when poor adherence is suspected.
Dietitians play an important role in promoting healthy eating be-
haviour, including expanding patient food choices and discouraging
unnecessarily restrictive dietary practices related to gluten or other
foods. Involving and educating family members is helpful, particularly
for young and elderly patients, where the carer may be the person
making food choices.

Itis recommended that in the first year after diagnosis, monitoring
be undertaken every 3-6 months until stable, and 1-2 yearly thereaf-
ter. Regular follow-up in the first year helps reinforce GFD knowledge
and provides feedback and encouragement. Professional engage-
ment is important in supporting the patient’s “journey to recovery”
and enhances motivation and adherence to the GFD. Patients should
be encouraged to join their local coeliac advocacy organisation, which
are important sources of information and support, and help promote
adherence.”® This is particularly valuable to initiate early on when the
patient is coming to terms with their new diagnosis.

Macro- and micronutrient deficiencies are common in coeliac
disease at diagnosis and during treatment.*”¢7778 |ron deficiency
is found in 12-82%"! and should be treated with an iron infusion
when patients are symptomatic or the response to oral supplemen-
tation is poor (common before the enteropathy improves). Folate,
vitamin B12 and vitamin D should also be measured and any defi-
ciencies corrected.”® Other reported deficiencies include albumin,
zinc, copper, calcium and magnesium and testing should be consid-
ered particularly in the coeliac patient with malabsorption or refrac-
tory disease.>” As the GFD is low in fibre, constipation is common
and fibre supplements can be beneficial. Anxiety and depression are
common and can impact quality of life and dietary adherence, so
psychological input is important.?”?* The pregnant coeliac patient
should be closely monitored, as active coeliac disease is associated
with poorer foetal outcomes such as low birth weight and miscar-
riage, possibly through the effect of transglutaminase antibodies
which are anti-angiogenic and can impair placental formation and

function.”®
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4.2 | Autoimmune disease

Autoimmune screening is recommended because of the increased
risk (16% in coeliac disease compared to 5% in the general popula-
tion?%) thought to be related primarily to shared genetic susceptibil-
ity (especially at the HLA locus). Approximately 2%-13% of coeliac
disease patients have autoimmune hypothyroidism (3-4x higher
risk) and 5% have type 1 diabetes.””?? Similarly, approximately 6%
(1.6%-12%) of type 1 diabetes patients develop coeliac disease.”®
Autoimmune diseases tend to cluster, for example, the risk of au-
toimmune thyroid disease is increased in patients with type 1 dia-
betes and coeliac disease compared to type 1 diabetes alone.t%®
Patients with type 1 diabetes and coeliac disease have more com-

plicated dietary requirements making dietitian input essential.

4.3 | Reduced bone mineral density

There is a high prevalence of osteopenia and osteoporosis, with up
to 75% of coeliac patients having reduced bone mineral density at
diagnosis.’°¥1% Symptomatic disease may be associated with more
significant bone mineral loss. Traditional risk factors are not always
present, so young people, those with normal BMI and males can
all be affected.!®*1%% Bone fracture risk is increased in coeliac dis-

ease15,106,107

with the risk persisting with ongoing villous atrophy.
Guidelines differ in whom and when to perform bone mineral den-
sitometry. Testing should always be considered in patients at higher
risk for bone density loss, for example long delay to diagnosis, ma-
labsorption, severe villous atrophy at diagnosis, perimenopause or
menopause in women, age >45 to 50 years in men and a history
of fragility fracture.’®>%* Otherwise, it is reasonable to consider
testing within a year of diagnosis and not later than 30-35 years
of age.>1%% The Fracture Risk Assessment (FRAX) tool may stratify
who might benefit from bone densitometry but this approach needs
further validation.'°® Five-yearly screening is reasonable, and more
frequently, if there is osteopenia or osteoporosis, evidence of ongo-
ing disease, poor dietary adherence or refractory disease. Treatment
of low bone mass with a GFD significantly improves bone density,
particularly notable within the first year (approximately 5%), but
fails to normalise it in all cases, especially in older patients.!0%!1°
Additional treatment includes supplementation of calcium (ideally
via diet) and vitamin D and osteogenic loading (weight-bearing) ex-
ercise. Endocrinology input should be considered if osteoporosis is
present. More information is needed to inform the optimal use of
anti-resorptive drugs such as bisphosphonates in coeliac disease.
Worsening bone mineral density despite a GFD should prompt as-

sessment of the GFD and mucosal disease activity.

4.4 | Liver disease

Abnormal liver function tests are a common finding in coeliac dis-

ease, with the strongest association reported at presentation or
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TABLE 1 Clinical associations in coeliac disease. Adapted from

Haines et al.”

Nutritional deficiencies
Iron
Folate
Vitamin D
Vitamin B12
Zinc
Calcium
Copper
Magnesium
Autoimmune disease
Thyroid disease
Type 1 diabetes mellitus
Sjogren’s syndrome
Systemic lupus erythematosus
Alopecia areata
Addison’s disease
Sarcoidosis
Liver disease
Hypertransaminasaemia (“coeliac hepatitis”)
Metabolic dysfunction-associated fatty liver disease
Autoimmune hepatitis
Primary biliary cholangitis
Primary sclerosing cholangitis
Gastrointestinal
Microscopic colitis
Small intestinal bacterial overgrowth
Pancreatitis
Neuropsychiatric disease
Neurological abnormalities such as peripheral neuropathy
Gluten ataxia
Depression
Anxiety
Reproduction function
Sexual dysfunction (males and females)
Hypogonadism (males)
Menstrual abnormalities
Infertility
Obstetric problems, e.g. miscarriage, small for gestational age
Bone disease
Osteopaenia
Osteoporosis
Fractures
Infection
Bacterial sepsis, e.g. pneumococcal

Tuberculosis

TYE-DIN

TABLE 1 (Continued)

Immune deficiency
IgA deficiency
Cardiac disease
Pericarditis
Myocarditis
Cardiomyopathy
Malignancy
Lymphoma- and enteropathy-associated T-cell lymphoma
Small bowel adenocarcinoma
Oesophageal squamous cell carcinoma
Hyposplenism
Venous thromboembolism

Impaired quality of life

diagnosis.**1* Coeliac hepatitis is manifest by mild hypertransami-
nasaemia (three to five times the upper limit of normal) and is due to
a gluten-dependent liver injury that settles on a GFD. Autoimmune
liver diseases such as autoimmune hepatitis, primary biliary chol-
angitis and primary sclerosing cholangitis are also more common
in coeliac disease.'*>*7 An increasingly reported complication is

118120 \which can occur as

that of non-alcoholic fatty liver disease,
part of metabolic syndrome after starting the GFD.*?%'?? Metabolic
dysfunction-associated fatty liver disease is the revised term applied
to non-alcoholic fatty liver disease that acknowledges the spectrum
of metabolic abnormalities that accompany the hepatic steatosis. The
mechanism underpinning these complications is unclear. A long-term
GFD has been associated with metabolic dysregulation and cardio-
vascular complications, possibly through a reduced intake of whole
grains'? or higher intake of refined carbohydrates or saturated fats.?*
Coeliac patients with metabolic dysfunction-associated fatty liver dis-
ease need strict counselling regarding increasing physical activity and
optimising their diet to reduce caloric intake, enrich unprocessed, natu-
rally gluten-free foods and minimise highly refined carbohydrates and

saturated fat.'?* Ultrasound elastography can assess for liver fibrosis.

4.5 | Hyposplenism and sepsis

Patients with coeliac disease can have functional hyposplenism
(12-80%)'26°128 that predisposes to severe sepsis from encapsulated
bacteria, particularly Streptococcus pneumoniae.*>**3° Hyposplenism
is more common with concomitant autoimmune disease, old age at
coeliac diagnosis, refractory coeliac disease or a history of major
infections.'?” Reduced spleen volume on imaging is a marker for
refractory coeliac disease.’®! As coeliac patients who have not
had pneumococcal vaccination are at increased risk of community-
acquired pneumonia,*®? vaccination against pneumococcus is rec-
ommended and vaccination against the other main encapsulated

bacteria Neisseria meningitidis and Haemophilus influenzae type B
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Diagnosis 3-6 months 12 months Periodic follow-up 1-2 yearly follow-up
At least twice in the first year until stable once stable
/ / / /

Vv

Vv Vv Vv

Expert dietitian education
Anthropometry / BMI

Check:

Coeliac serology

Routine tests: Nutrient screen
(Iron, vitamin B12, folate, vitamin
D, calcium, phosphate + others as
indicated); Liver enzymes; Thyroid
function tests

DEXA (at diagnosis, but not later
than 30-35 years)

\ J

v—>

I

History — dietary progress and adherence;
dietitian review if needed

Check that family screening, joining coeliac
society and immunisation has been followed-up

Anthropometry / BMI

Check:

* Coeliac serology

* Routine tests (at 6 months if previously
abnormal; at 12 months routinely)

History — dietary adherence;
dietitian review if needed

Anthropometry / BMI
Check:
e Coeliac serology

* Routine tests

DEXA as indicated based on index
result

Consider follow-up small intestinal

Join coeliac society
Immunisation

Letter to update GP

biopsy after 2 years to confirm
mucosal healing

Family screening
Mental wellbeing

GP letter outlining follow-up plan

Letter to update GP

FIGURE 2 Suggested algorithm for follow-up. Regular follow-up is important, especially in the first year. Patients should be reviewed
every 3-6 months until well. Once they are symptom free, have replete nutrients and normal serology (and if performed, normal histology),

follow-up can be extended to once every 1-2 years

should be considered. How hyposplenism screening should be un-
dertaken and the optimal pneumococcal vaccine schedule (protein
conjugate and/or polysaccharide) needs to be clarified. Patients
with coeliac disease have lower responses to hepatitis B vaccination
which is a particular consideration for health care workers.**3 Annual

influenza vaccination and COVID-19 vaccination are recommended.

4.6 | Family screening

The risk of coeliac disease in first-degree relatives is approximately
10%.13* Screening symptomatic relatives for coeliac disease is
strongly supported and screening asymptomatic relatives is also
beneficial.'®> People who claim to be asymptomatic can have un-
detected issues such as low bone density and many diagnosed with
coeliac disease subsequently report improved symptoms on a GFD,
indicating they were never truly asymptomatic (“I didn't realise
| was sick until | felt better on a GFD”). Coeliac serology is used
for screening and HLA-DQ2/DQ8 genotyping can be added as a
once-off test to stratify the risk for coeliac disease. Positive coe-
liac serology should be followed up with endoscopy and biopsies
to confirm the diagnosis. In family members with a negative coeliac
screen, the optimal time for repeat surveillance has not been deter-
mined. In adults, every 5-10 years is reasonable, earlier if there are
suggestive symptoms, and some suggest more regular screening in

children to avoid the negative impact of coeliac disease on growth.

4.7 | Paediatric considerations

In paediatric follow-up, anthropometry is important to ensure appropri-
ate growth milestones are being met. A recent large review of paediatric
care in 35 countries in Europe, Israel, Turkey and Russia highlighted the
need for more evidence-based use of lab tests, increased assessment of
dietary adherence and coeliac-specific quality of life and improved atten-
tion to the transition to adult care.*? A child that improves clinically and
normalises their serology on a GFD has a low risk for persistent enter-
opathy.43 Given the faster and more complete symptom resolution and

394243136 and the reluc-

mucosal healing in children compared to adults,
tance to perform an invasive procedure requiring deep sedation in young
people, follow-up endoscopies are not routinely performed in children.
Now that a non-biopsy-based diagnosis of paediatric coeliac disease (ap-
plicable in select cases of high coeliac serology) is becoming established

in routine practice,®’

it will be increasingly likely that many patients will
not have had a diagnostic endoscopy. Persistent symptoms would war-

rant an endoscopy to assess treatment effects and exclude other causes.

5 | NON-RESPONSIVE/SLOWLY
RESPONSIVE COELIAC DISEASE AND
REFRACTORY COELIAC DISEASE

Non-responsive coeliac disease is considered to affect up to 30% of

coeliac patients on a GFD'*®'%? and is defined as a failure to respond
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to at least 6 months of a GFD or the re-emergence of symptomes, signs
or laboratory abnormalities typical of coeliac disease while still follow-
ing a GFD.'® Persistent histological damage is often included in the
definition, but on this criterion alone the majority of coeliac patients
would be “non-responsive” well beyond 6 months, therefore, the term
typically relates to persistent symptoms. Non-responsive coeliac dis-
ease is also common in children, with a retrospective study showing
91/616 (15%) had persistent symptoms at 6 months, with ongoing glu-
ten ingestion (30%) or constipation (20%) the commonest causes. 0
Systematic workup identifies a cause in children and adults in most
cases and patients generally improve over time. Accordingly, many fa-
vour the term “slowly responsive” disease over “non-responsive.”” A

suggested management approach is outlined in Figure 3.

5.1 | Isthe diagnosis correct?

Failure to respond to a GFD may indicate an incorrect diagnosis. A re-
view of past records is helpful to confirm the characteristic histology
and positive serology at diagnosis. Negative or absent coeliac serology
at diagnosis is a red flag as serology-negative coeliac disease only con-
stitutes a third of cases of serology-negative villous atrophy.** Villous
atrophy and intraepithelial lymphocytosis are not pathognomonic for
coeliac disease and can have a range of causes outlined in Table 2141
143 HLA-DQ2/DQ8 genotyping can be used to exclude coeliac disease
in those with a non-coeliac-associated HLA genotype. In some cases,
an extended gluten challenge with follow-up assessment may be war-
ranted to definitively confirm or exclude coeliac disease. In the future,
immune-based diagnostics may provide an alternate approach that

avoids the need for gluten challenge and even endoscopy.144

5.2 | Isthe GFD adequate?

The commonest cause of non-responsive coeliac disease is ongoing
gluten exposure‘m*m*146 The use of GIP assays has highlighted how
common inadvertent gluten ingestion is despite attempts to follow
the GFD. Amounts as low as 50 mg consumed over time have been
associated with intestinal damage.!*” Involving a dietitian with rel-

evant expertise is enormously beneficial and allows a review of GFD

Check initial serology
and histology; exclude
other causes for VA

Is coeliac disease
the correct
diagnosis?

Is there ongoing
gluten intake?

Specialist dietitian
review; serology

Are there other
medical issues?

Could it be
refractory coeliac
disease?
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knowledge, including how to identify sources of gluten and minimise
cross-contamination. The role of GIP assessment by doctors, di-
etitians and even patients to objectively assess GFD adequacy and
inform changes in food choices or behaviour is promising but needs
validation in clinical studies. Oats are a highly nutritious cereal that
appears to be safely consumed by most people with coeliac disease
if they are confirmed free of gluten contamination.*® However, the
significance of reports of oats-induced histological damage and im-
mune activation in coeliac disease needs to be resolved with further
research.’¥”15! Contamination-free oats are generally allowed as part
of the GFD in most countries (not Australia or New Zealand), but care-
ful follow-up is recommended’ and in the setting of unexplained per-
sistent disease activity, a trial of withholding oats may be considered.

5.3 | Are there other medical causes?

There are a variety of medical issues that can cause persistent symptoms
or villous damage (Table 2), and workup should be tailored to the clini-
cal situation. Irritable bowel syndrome, food intolerances, microscopic
colitis, pancreatic insufficiency, small intestinal bacterial overgrowth and
refractory coeliac disease are important comorbid causes of symptoms.
Persistent gastrointestinal symptoms in coeliac disease frequently re-

semble irritable bowel syndromeé“"67

and are often accompanied by ma-
labsorption of dietary FODMAPs such as lactose, fructose or fructans
(found in onion and garlic).%® In two randomised controlled trials, di-
etary FODMAP reduction rapidly and significantly reduced persistent
symptoms and this effect was seen even with modest FODMAP reduc-
tion.?>21%3 Symptoms can also be caused by comorbid diseases, such as
gastroparesis in type 1 diabetes and hypothyroidism or hyperthyroidi-
sim in autoimmune thyroid disease. Reduced rates of mucosal recovery
have been associated with more severe damage at diagnosis, older age
and, potentially, the use of proton pump inhibitors, non-steroidal anti-

inflammatory drugs and selective serotonin reuptake inhibitors.”*

5.4 | Could it be arefractory coeliac disease?

Refractory coeliac disease is a form of complicated, non-responsive

coeliac disease that affects less than 1% of patients.*>* It is defined by

HLA-DQ2/8 Consider gluten

S challenge &
8 yping reassessment
GIP testi Consider barriers to adherence,
(ifa :'Slal:Ige) psychological input, trial of stricter
IT aval

GFD, ? adjunctive therapy

Investigate as required e.g. faecal calprotectin, faecal pathogen screen and elastase;
colonoscopy; screen for SIBO; Consider trial of low FODMAP diet via dietitian

Specialist input; T cell immunophenotyping, abdominal imaging (MRE), PET
scan, capsule endoscopy or DBE, +/- haematology referral

FIGURE 3 Suggested algorithm for managing non-responsive coeliac disease. A systematic workup can generally identify a cause. Escalate
investigations in the unwell, symptomatic patient until a cause is found. Refractory coeliac disease is rare but should not be overlooked. DBE,
double-balloon enteroscopy; MRE, magnetic resonance enteroscopy; PET, positron emission tomography; VA, villous atrophy
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TABLE 2 Potential causes of non-responsive coeliac disease

Persistent symptoms
Wrong diagnosis
Ongoing gluten ingestion

Irritable bowel syndrome and FODMAP intolerance, e.g lactose
or fructans

Microscopic colitis
Small intestinal bacterial overgrowth
Pancreatic insufficiency
Other gastrointestinal disorders, e.g. Inflammatory bowel disease
Refractory coeliac disease
Lymphoma
Persistent enteropathy
Slowly responsive disease
Ongoing gluten ingestion

Medications associated with delayed healing: proton pump
inhibitors, non-steroidal anti-inflammatory drugs and selective
serotonin reuptake inhibitors

Wrong diagnosis
Other causes for the enteropathy
Immune
Common Variable Immunodeficiency
Cow’s Milk Protein Intolerance
Autoimmune enteropathy
Immune dysregulation-related enteropathy
Crohn’s disease
Collagenous sprue
Graft versus host disease
Infective
Helicobacter pylori
Giardia lambla
Tropical sprue
Small intestinal bacterial overgrowth
Viral, e.g. norovirus, HIV
Whipple’s disease
Medications
Angiotensin receptor blocker (sartans)
Immune checkpoint inhibitors
Methotrexate
Mycophenolate
Non-steroidal anti-inflammatory drugs
Refractory coeliac disease

Wrong diagnosis

persistent or recurrent malabsorptive symptoms and signs with villous
atrophy despite a strict GFD for more than 12 months in the absence
of other causes of non-responsive coeliac disease and overt malig-
nancy.}>>1%% It is most often seen in the elderly (over 50 years) when
untreated coeliac disease has been present for some time. Patients

typically have a malabsorptive phenotype with diarrhoea, weight loss
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and lethargy. The villous atrophy is significant and can extend through
to the terminal ileum and coeliac serology is often negative. GIP test-
ing may be useful to distinguish mucosal disease due to gluten intake
from true refractory coeliac disease however this approach needs vali-
dation.'®” Refractory coeliac disease is stratified into two types based
on the phenotype of intestinal T cells: normal, polyclonal cells (Type
1) or aberrant, clonal cells (Type 2), based on intestinal biopsy im-
munohistochemistry, flow cytometry and TCR-y gene rearrangement
studies or molecular genetics.*>® Type 1 refractory disease has a good
prognosis and generally responds to immunosuppression, while type 2
refractory disease is associated with more substantial malabsorptive
features (prominent symptoms, nutrient deficiencies and hypoalbumi-
naemia) and a poor 5-year survival rate (<44%), with a high risk for
conversion to enteropathy-associated T cell lymphoma (50% within
5 years; 5-year survival with enteropathy-associated T cell lymphoma
is 89).159-161

The more favourable outcome in type 1 refractory coeliac dis-
ease has prompted many experts to regard it as a relatively benign
form of slowly responsive coeliac disease. Indeed, this view highlights
an important limitation of how refractory coeliac disease is defined,
which in its current form encompasses many patients beyond the 1%
with “true” refractory disease who have some degree of persistent
enteropathy and symptoms after 12 months of a strict GFD. There
is a need to better distinguish true refractory disease from slowly re-
sponsive disease, perhaps via novel testing or a more stringent defi-
nition. Not surprisingly, the label “refractory coeliac disease” induces
considerable patient anxiety and should be used judiciously.

When type 2 refractory coeliac disease is suspected, spe-
cialist input is crucial. MRE and PET scans are useful to assess
for malignancy. Treatment aims to destroy the aberrant T-cell
clones and includes chemotherapeutic agents such as cladrib-
ine or stem cell transplantation. Identifying those at risk of de-
veloping type 2 refractory coeliac disease, better defining this
complication and developing effective treatments are important

unmet needs.

6 | OPTIMAL MODEL OF CARE

Follow-up of coeliac disease is inconsistent and models of care that
facilitate effective, accessible and affordable care are required. In a
US study, follow-up consistent with best-practice recommendations
occurred in only 35%, while 58% had irregular follow-up and 7%
had none at all*; in a UK study, 38% had no active follow-up.6? An
Australasian study of 5310 coeliac patients showed over a third had
not seen a dietitian after their diagnosis, with common information
sources a patient advocacy group or the internet.”*

These deficiencies in follow-up will be compounded in develop-
ing nations where access to doctors, dietitians, endoscopy and other
medical resources are lacking, and models of follow-up will need to
be adapted and optimised to the specific region.

While data are lacking on who is best suited to provide follow-up

5,163

care, gastroenterologists, dietitians and primary care doctors
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(general practitioners) all play important, complementary roles and
models that facilitate a collaborative approach developed to work in
community settings are needed. To realise such a model, there is an
important need to improve the number of clinicians with expertise in
coeliac disease management, including gastroenterologists and ap-
propriately trained general practitioners. The involvement of patient

% and

advocacy groups is associated with improved GFD adherence’
they have an important role in reinforcing messaging to their mem-
bers about the importance of medical follow-up, which is frequently
underappreciated.

A Swedish study showed long-term care provided by the general
practitioner or the gastroenterologist produces similar outcomes
based on lab variables and physical and mental health scores.’®*
However, patients in the general practitioner group had lower di-
etary adherence and were less likely to have seen a dietitian initially
or at follow-up, suggesting a need to highlight the key role of dieti-
tians to general practitioners and facilitate meaningful associations.
In Finland, most coeliac follow-up is similarly undertaken in primary
care, and attaining good adherence is achievable.?®> A UK study
suggested follow-up by a dietitian with a doctor available was most
preferred by patients.'%?

A general practitioner and nurse practitioner-led telephone-
based strategy achieved many of the recommended follow-up
requirements and highlighted that proactive contacting of pa-
tients drives better engagement.®® Regular follow-up, even with a
telephone-based approach, improves dietary adherence.’®'%” These
positive findings from telephone-based follow-up are reassuring in
light of the COVID-19 pandemic which has forced many face-to-face
consultations to move online. As phone and telehealth consultations
are likely to continue, further research to understand the benefits
and limitations of these approaches for coeliac follow-up is needed.

Given the time pressures on hospital-based gastroenterologists
and dietitians, primary care doctors could be empowered to take a
central role in follow-up, by ensuring they are provided education
and consensus guidelines and access to specialist input from the di-
etitian and gastroenterologist. Standardising primary care follow-up
may be facilitated by innovative IT solutions, such as chronic disease

Optimal measures of disease activity

* Understand asymptomatic enteropathy

Develop novel readouts of disease activity,

disciplinary

* Innovate using technology

* Adaptable to low resource

environments
Prognostic stratification
 Identify patients at higher risk of

complications and refractory disease

Establish role for risk scores and
genomic data
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Monitoring

« Validate the GIP assay to monitor
gluten intake

* Identify and develop minimally

potentially based on the gluten-specific invasive tools/biomarkers that
immune response Model of care accurately monitor disease activity
* Standardised, best-practice, multi-

Mucosal remission and symptom control

* Develop novel behavioural and
medical therapies

management templates that can be uploaded to electronic practice
software. Educating the medical profession about the importance of
coeliac disease follow-up and what best practice looks like is an on-

going need.

7 | FUTURE DIRECTIONS

Current unmet needs and future directions are outlined in Figure 4.
Uncertainty regarding the prognostic significance of persistent enter-
opathy confounds efforts to establish optimal follow-up strategies.
There is a strong case to re-evaluate mucosal histology as the arbiter
of disease activity and identify therapeutic targets associated with the
reduction of long-term complications. Coeliac disease is fundamen-
tally an immune illness, the hallmark of which is aberrant immunity to

79168 and small intestinal mucosal damage is an important but

gluten,
not universal feature of active disease associated with gluten-specific
immunity (an example is dermatitis herpetiformis, where enteropathy
is not always present). Small intestinal histology is an imperfect “gold
standard” diagnostic test, and the value of an immune (serological),
non-biopsy approach to diagnosis is now embedded in some paediat-
ric guidelines.®” The idea that clinically actionable information can be
derived from immune data is further exemplified by serology-positive
minimal-enteropathy coeliac disease that benefits from treatment with
a GFD even when villous atrophy is absent.'’ For these reasons, an
immunological measure of disease activity is an appealing candidate,
however, the correlation with long-term outcomes and the ability to
translate this measure to the clinic needs to be confirmed. Currently,
the only practical target that can indicate immunological remission is
coeliac serology, but correlation with disease activity is suboptimal.
Markers of the pathogenic gluten-specific T cell, or related immune
targets, offer promise as novel diagnostic and immunomonitoring
tools and should be explored further.**4*7%171 A direct measure of
gluten-dependent immune activation would also facilitate differentia-
tion of the enteropathy caused by coeliac disease from other causes.
Understanding and stratifying our patients’ risk for long-term com-
plications or refractory coeliac disease would support a “personalised”

FIGURE 4 Unmet needs and

future directions. Optimal models of
care will underpin high-quality and
standardised patient follow-up. This

will be complemented by advances in
measurement and monitoring of disease
activity, the early identification of those
at risk of complicated coeliac disease and
novel approaches to improve mucosal
healing and control symptoms
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approach to follow-up and cost-effective application of healthcare
resources. Genetic data can inform clinical behaviour and treatment
response. For example, coeliac patients who are homozygous for
HLA-DQ2.5 are more likely than their heterozygous counterparts to
have severe histological and clinical disease, be slower to resolvel’2173
and have a higher risk of refractory coeliac disease.”* The finer-
grained risk stratification afforded by genomic data may eventually
support clinically informative prognostic scoring systems.!”>17¢
There is a major need to define the medical and behavioural
interventions that can improve mucosal healing and symptom
control. Therapies under development aim to reduce disease
activity by quantitatively reducing gluten load and modifying
gluten-specific immunity.so Treatment choices may eventually be
stratified by disease severity and prognostic data informing on
long-term risks. Emerging biomarkers such as interleukin-2 show
promise in differentiating gluten-driven symptoms from other

91177 and an understanding of how gluten triggers symp-

causes,
toms and how this is linked to immune activation and mucosal dis-
ease will inform the rational design of therapies that can prevent
or treat adverse symptoms.

Ultimately, improving the consistency of follow-up management
will necessitate research that informs clear, evidence-based guide-
lines and effective models of care. In this way, we can ensure our
patients are afforded the best opportunity to achieve optimal health

outcomes.
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