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Abstract

Sections

Coeliac disease is an autoimmune disease characterized by small
intestinal villus atrophy and inflammation upon exposure to gluten.

It has aglobal prevalence of approximately 1%. Although the gluten-free
diet canbe an effective treatment, this diet is burdensome with practical
difficulties and frequent inadvertent gluten exposure. Moreover, there
are avariety of potential complications and comorbidities of coeliac
disease that might be related to malabsorption and/or chronicimmune
activation. Overall, individuals with coeliac disease have increased
mortality compared with the general population, underscoring the
severity of this common disease. Comorbidities and complications

that have been associated with coeliac disease include poor growth,
reproductive complications, kidney and liver diseases, respiratory
disease (such as pneumonia) and infections (including sepsis).
Furthermore, coeliac disease has been linked to other autoimmune
disease and psychiatric disease, as well as certain cancers. Data suggest
that mucosal healing on a gluten-free diet might protect against some,
but notall, of these complications. In this Review, we present absolute
andrelative risks of coeliac-associated disorders. We discuss underlying
mechanisms, the role of the gluten-free diet and mucosal healing, as
well asimplications for follow-up and non-dietary treatment of coeliac
disease.
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Key points

o Coeliac disease is an autoimmune condition characterized by small
intestinal villus atrophy and inflammation of varying severity but with
the potential to result in significant complications.

e Complications of coeliac disease include adverse reproductive
outcomes, kidney and liver disease, infections, other autoimmune
disease, certain cancers and neurological and psychiatric disease,
reflecting the multisystemic nature of the disease.

e A combination of chronic immune activation and villus atrophy with
resulting malabsorption might explain some of the complications seen
in coeliac disease.

e Control of coeliac disease demonstrated by mucosal healing on
follow-up biopsy might reduce the risk of some, but not all,
complications.

Introduction

Coeliacdiseaseis anautoimmune disease thatis characterized by small
intestinal villus atrophy and inflammation upon exposure to gluten'
(Fig.1). Coeliac disease has a wide range of manifestations and can be
severe, with potentially substantial complications, disruptive symp-
toms and adverse effects on overall quality of life. Symptoms include
diarrhoea, growth failure, signs of malabsorption, fatigue, psychiatric
disease and osteoporosis. The European Society for the Study of Celiac
Disease and the American College of Gastroenterology recommend
screening for coeliac disease in over 25 conditions**.

Over theyears, there has been agrowing awareness of comorbidi-
tiesand complicationsin coeliac disease, including death’. Comorbidi-
ties range from autoimmune conditions, in particular type 1 diabetes
mellitus (TIDM) and thyroid disease®’ but also systemic lupus ery-
thematosus and autoimmune hepatitis® ', certain cancers (particu-
larly non-Hodgkin lymphoma and small bowel cancer?), psychiatric
disease” and adverse pregnancy outcomes'.

In the past few years emerging data from epidemiological stud-
ies have identified new risks and have also — potentially even more
importantly — reported (often modest) absolute risks, which can help
clinicians manage coeliac disease and inform patients and the health-
carecommunity of the expected disease course. New knowledge about
coeliac disease has implications for healthcare planning, especially
as data suggest that coeliac disease is linked to work loss, increased
healthcare demand and subsequent healthcare costs™.

In this Review, we provide an update on the complications and
comorbidities in coeliac disease. This updated overview is relevant
owing to the growing number of trials of pharmaceutical treatments
for coeliac disease, the primary aim of whichis the prevention or reduc-
tion of gluten-induced symptoms, but they also have the potential to
decrease the risk of future complications.

Incidence and prevalence

A meta-analysis by Singh and colleagues (n = 96 studies) found that
the global prevalence of biopsy-verified coeliac disease in the general
populationwas 0.7%, rising to 1.4% when defining coeliac disease solely
based on anti-tissue transglutaminase or anti-endomysial antibody
levels”. The incidence of coeliac disease has increased'®, with rates

of 19 per 100,000 person-years in Sweden in 1990-2015" and similar
levels in Olmsted County (Minnesota, USA)*. On the basis of the data
from Sweden, it has been estimated that1in 44 womenand1in 72 men
would be diagnosed with coeliac disease throughout their lifetime®.
Current estimates suggest that approximately 3 million Americans have
diagnosed or undiagnosed coeliac disease*, resulting in a substantial
economic burden on individuals and the healthcare system®. Tradi-
tionally, coeliac disease was a disease affecting younger people, but
is now often diagnosed during mid-to-older age*. Delays in diagnosis
in older people may increase morbidity and mortality”. This changein
diagnosis and an overallincrease in prevalence have important impli-
cations for the burden of complications and comorbidities associated
with coeliac disease.

Complications and comorbidities

Development and weight

Growth failure is often a sign of chronic disease in children®. It is par-
ticularly commonamong children with undiagnosed coeliac disease?
and indicates the need for coeliac testing. According toa1988 landmark
paper by Maki and colleagues™, paediatric coeliac disease presented
withabdominal symptoms and weight loss until the mid-1970s. But after
the mid-1970s, children with coeliac disease more-often presented with
shortstature and symptoms that were unrelated to malabsorption. In
aninitial paediatric study from Sweden, 95% of children <2 years of age
at the time of coeliac disease diagnosis had poor weight gain®. Data
froma cohort based in Olmsted County (2000-2010) has shown that
the proportion of newly diagnosed individuals with coeliac disease
who exhibit malabsorption has decreased®. This shift in symptoms
might largely be due to the elevated incidence of coeliac disease in
relationtotheincreaseintrue prevalence, as well asincreased rates of
diagnosis facilitated by accurate serological testing and a heightened
awareness that the disease can present with arange of symptoms and
signs?¥. Growth failure and poor weight gain can have permanent
consequences. In one study, undiagnosed coeliac disease was associ-
ated with being underweight in men and women?®®, One study from
the United States demonstrated that male adults with coeliac disease
were shorter on average than their peers in the general population®.

Malabsorptive features still occur in new-onset coeliac disease
and are often used to classify the clinical picture of the disease (Fig. 2).
According to the Oslo classification, coeliac disease presenting with
signs and symptoms of malabsorption (diarrhoea, steatorrhea, weight
loss or growth failure) is called ‘classical coeliac disease’. In contrast,
coeliac disease presenting with other symptoms is often called
‘non-classical”.

Malabsorption in undiagnosed coeliac disease often means that
individuals diagnosed with coeliac disease subsequently gain weight by
establishing agluten-free diet (GFD). Such weight gain can be healthy
orunhealthy. Some GFD foods over-compensate for the lack of gluten
with sugar and fat; and the consequent calorie excess might harm
health. Lebwohl and colleagues have demonstrated that long-term
avoidance of gluteninindividuals without coeliac disease might have
adverse cardiovascular effects®.

Reproduction

Coeliac disease has been linked to reproductive disorders®"*?. How-
ever, several studies have demonstrated normal fertility in women
with diagnosed or undiagnosed coeliac disease***. When Glimberg
and colleagues™ reviewed the literature, they found a prevalence of
biopsy-verified coeliac disease of 0.7% and serology-based coeliac
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disease of 1.1% in women with infertility, which is similar to that of the
general population”. The one period when women with coeliac disease
might have a lower pregnancy rate is around the time of diagnosis®,
potentially because they might abstain from pregnancy due to ongoing
investigations for suspected coeliac disease or postpone pregnancy
because of nutritional concerns’. Interestingly, some earlier data have
suggested that men with coeliac disease might have decreased semen
quality®, but little research hasbeen performed in this field. Although
astudy hasdemonstrated that sperm chromatin maturationand DNA
fragmentation in men is affected by coeliac disease*’, this does not
seem to translate into lower fertility*.

Even with normal fertility, coeliac disease could still affect the
reproductive lives of women. For example, Grode and colleagues have
suggested that undiagnosed coeliac disease is linked to an increased
prevalence of spontaneous abortion (1 extra spontaneous abortion
per 100 pregnancies in women with coeliac disease)™. In a later study
of 791 pregnancies inwomen with coeliac disease in Norway, the odds
ratio (OR) for miscarriage was increased by 16% but failed to attain
statistical significance®.

Coeliac disease might also affect pregnancy and pregnancy out-
comes. In 2005, Ludvigsson and colleagues reported that placental
weight in women with undiagnosed coeliac disease was lower than
in women from the general population or women with diagnosed

Genetic factor
HLA-DQ2 or DQ8

L

coeliac disease®. This finding could explain the lower birthweight in
offspring of mothers who were later diagnosed with coeliac disease
(butwho likely had undiagnosed coeliac disease during pregnancy)®.
Undiagnosed coeliac disease might also be linked to preterm birth®.
Inaddition, two large studies from the United States have reported an
increased risk of poorintrauterine growth in the offspring of mothers
with coeliac disease***. These data, which report adverse outcomes
in offspring of women with diagnosed coeliac disease, contrast with
earlier population-based studies. For example, in Sweden, adverse
pregnancy outcome was restricted to births that occurred before
coeliac disease diagnosis in the mother*’. Somewhat surprisingly,
however, mucosal healing in diagnosed women — a proxy for dietary
adherence in coeliac disease — does not seem to affect pregnancy
outcomesin coeliac disease*.

Eyes

Individuals with coeliac disease are at increased risk of cataracts and
uveitis*”*%, A positive association has also been seen for Sjégren syn-
drome, which results in dry eyes and mouth. In one study the preva-
lence of coeliac disease in individuals with primary Sjogren syndrome
was 6.78% compared with 0.64% in controls between 15-90 years old
from 10 Italian primary healthcare centres*, whereas another study
found that only 5 out of 437 (1.1%) of individuals with primary Sjogren
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Fig.1|Proposed pathophysiological mechanisms of coeliac disease and its
associated complications and comorbidities. Incomplete digestion of gluten
peptidesin genetically predisposed individuals triggers adaptive immune
responses in the lamina propria. Additional environmental factors, such as diet

and infections, might also have arole in the pathogenesis of coeliac disease.

The upregulated inflammatory status causes damage to the smallintestinal
mucosa and isinvolved in the development of coeliac disease complications and
comorbidities. APC, antigen-presenting cell.
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syndrome had coeliac disease™. Finally, a large UK population-based
study reported increased risks for Sjogren syndrome (incidence rate
ratio (IRR) 3.9) and Graves disease (IRR 2.5)* in 31,447 individuals with
coeliacdisease.

Mouth

Oral manifestations of coeliac disease include recurrent aphthous
ulcers and dental enamel defects™. The latter has been shown to have
animmune basis due to the presence of autoantibodies, mostly IgA,
against proteins from ameloblasts®, which are cells that produce
enamel during tooth development.

Haematological associations

Anaemia and micronutrient deficiencies are common in newly diag-
nosed individuals with coeliac disease, with anaemia detected in
20-30% of individuals at the time of presentation®*~*°. Among indi-
viduals with coeliac disease and anaemia, iron deficiency®, folate and
B,, deficiencies in particular are also observed, as well as anaemia of
chronic diseases often due to long-term inflammation. These nutri-
tional deficiencies are present in >50% of individuals with coeliac
disease and might be related to malabsorption, nutritional limita-
tions of the GFD, or both”. In contrast with the general population,
irondeficiencyin coeliac disease might be more frequentin men than
women®, Elevated ferritin values should alert physicians to hereditary
haemochromatosis, whichis associated with coeliac disease*. Similarly,
thrombocytosis could be a sign of undiagnosed coeliac disease™.

Kidney and hepatobiliary disease

Although data on the risk of gallstones in coeliac disease are
conflicting®®®, data suggest amoderately elevated risk of kidney stones
before and after coeliac disease diagnosis®. The kidney stones are
probably due to hyperoxaluria, and a GFD probably reduces oxaluria
and kidney stone disease®*. Moreover, individuals with coeliac disease
are atincreased risk of glomerulonephritis and IgA nephropathy®°,
although the excess risks of these diseases could depend on the coe-
liac disease phenotype as norisk increase has been demonstrated in
dermatitis herpetiformis® (a condition often seenas aform of coeliac
disease but characterized by itchy skin lesions). Itis therefore not sur-
prising thatindividuals with coeliac disease are also at anincreased risk
of end-stage renal disease®.

Liver disease is frequently observed in individuals with coeliac
disease. Individuals with coeliac disease had higher transaminase levels
in the UK Biobank than controls®. Typically, these enzymes normalize
witha GFD®*®, In addition, the incidences of nonalcoholic (metabolic
dysfunction-associated) steatohepatitis and hepatocellular carcinoma
areincreased in coeliac disease®’°. An analysis of the UK Biobank cohort
revealed positive associations between coeliac disease and nonspecific
chronic hepatitis, autoimmune hepatitis and cirrhosis®, findings later
confirmed in a meta-analysis’. Data from Denmark and Sweden have
shown an excess risk of primary biliary cholangitis”, with data from
Denmarkalsolinking coeliac disease to alcoholiccirrhosis (adjusted IRR
5.12)”2.Notably, inastudy from Finland that reported four patients with
severe liver disease and coeliac disease, liver functionimproved witha
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GFD”’. These studies suggest that coeliac disease should be considered
when caring for patients with chronic liver disease.

Respiratory disease

Coeliac disease has been linked to asthma®’, bacterial pneumonia™”
(and pneumococcal infections in general’), chronic obstructive pul-
monary disease”” and tuberculosis’®. These comorbidities are often
higherinfrequency bothbefore and after coeliac disease diagnosis. One
study suggested that community-acquired pneumoniais particularly
common in individuals with coeliac disease who are aged >65 years
without earlier pneumococcal vaccination™. On the other hand, vacci-
nated individuals with coeliac disease show nosuchincreasein risk”.In
addition, several studies have suggested alink between coeliac disease
and death from respiratory disease>”’.

Musculoskeletal and joints

Rheumatological complaints are common in children and adults
with coeliac disease®’, and arthritis — both peripheral and axial rheu-
matic disease — seems tobe more commoninindividuals with coeliac
disease®. Children have anincreased risk of juvenile idiopathic arthritis,
whereas adults have an increased rate of rheumatoid arthritis®?. Indi-
viduals with coeliac disease are also at higher risk of Ehlers-Danlos syn-
dromeand joint hypermobility than the general population®. Finally,
enthesopathy is more frequent in individuals with untreated coeliac
disease than those on a GFD*.

Metabolicbone disease, which iscommonin coeliac disease — the
prevalence of osteopenia or osteoporosis ranges from 38-72% of newly
diagnosed individuals — is associated with increased fracture risk in
individuals with coeliac disease®**¢. Although there are data suggesting
that bone mineral density in coeliac disease improves with a GFD®¥, over
thelong termtreated coeliac disease has beenlinked to fractures®® and
persistent villus atrophy in follow-up biopsy samples has conferred an
increased risk of hip fracture but not overall fracture risk®. It is pos-
sible that inflammation and immune-mediated mechanisms might
have arolein the development of bone problems in coeliac disease®.
Notably, the prevalence of coeliac disease in those with osteoporosis
is approximately the same as in the general population®. Hence, we
do not recommend screening for coeliac disease in individuals with
osteoporosis and no other signs of coeliac disease.

Autoimmunity

Theassociationbetween coeliac disease and other autoimmune condi-
tionsis well established (see sections on thyroid disease and TIDM). This
association probably stems from genetic and environmental factors
rather than a causative effect of one autoimmune disease on another
(Fig.2).First-degreerelatives of individuals with coeliac disease seem
tobeatasmallincreased risk of autoimmunity® (suggesting that ongo-
ing inflammation is unlikely to be the only cause of autoimmunity).
Spouses of individuals with coeliac disease also have asmallincreased
risk of autoimmunity, indicating that shared environmental factors
and healthcare-seeking pattern could play arole.

Approximately 25% of individuals with coeliac disease have at least
one other autoimmune disorder®*"*””, most commonly TIDM or autoim-
mune thyroid disease. Another autoimmune disease thatis associated
with coeliac disease is inflammatory bowel disease (IBD)**%’. Inastudy
including>48,000 individuals with coeliac disease and approximately
83,000 individuals with IBD?, individuals with coeliac disease were at a
four-foldincreased risk of later IBD even beyond the first year after diag-
nosis. In contrast, individuals with IBD were at afive-fold increased risk

of later coeliac disease. Up to1in40individuals with coeliac disease had
alater diagnosis of IBD, with the highest hazard ratio (HR) for Crohn’s
disease (HR4.36;95% C13.72-5.11). individuals with coeliac disease are
alsoatahighly increased risk (almost 12-fold) of microscopic colitis',
potentially due to shared genetics and lymphocyticinfiltrationin the
colon caused by active coeliac disease, although increased medical
surveillance of patients with coeliac disease may also have contributed.

Althoughthereislittle evidence thatimproved control of coeliac
disease can reduce the risk of developing additional autoimmune
disease'”'%?, assessment of autoimmune conditions should be consid-
eredinthe follow-up of patients with coeliac disease to enable prompt
management of these conditions.

Diabetes, endocrine and hormonal disorders

Research has suggested that thereis an association between TIDM and
coeliac disease'®'*, Although it has been hypothesized that untreated
coeliac disease heightens the risk of TIDM, there is no firm evidence
that this is the case and it is more probable that these two conditions
co-occur dueto shared genetic and environmental risk factors'*®. How-
ever, clinicians need to be aware of this association, as prompt diagnosis
and management are critical for improving disease outcomes.

A systematic review and meta-analysis of 27 studies total-
ling 26,605 individuals with TIDM found a pooled prevalence of
biopsy-confirmed coeliac disease of 6%, which is far higher than the
approximately 1% prevalence in the general population®. The risk of
developing TIDM remains high after diagnosis of coeliac disease, with
one population-based study of 9,243 children with inpatient diagnosis
of coeliac disease reporting an HR of 2.4 for TIDM diagnosed before
theage of 20 years'®.

Specifically, longstanding coeliac disease is associated with higher
risks of TIDM complications, including retinopathy, nephropathy and
death'”'¢, which s likely to be related to worse glycaemic control'®’.
Conversely, the dual burden of both conditions leads to a reduced
quality of life"*™, reduced quality of a GFD'**"* and in some cases might
cause anelevated risk of gluten exposure, leading to worsened control
of coeliac disease'™”"*'%, Coeliac disease can also be a component
of autoimmune polyglandular syndrome type 2, a condition that is
principally characterized by TIDM, Addison disease and autoimmune
thyroid disease™®.

Inadditionto TIDM, coeliac disease canalso co-occur with type 2
diabetes mellitus (T2DM). Although rates of T2DM in individu-
als with coeliac disease are similar to or lower than in the general
population'”"""¥, gverlap might have increased in recent years with
anincreased overall prevalence of T2D. There are little published data
ontheclinical effect of co-existing coeliac disease and T2DM. However,
because a GFD can increase cholesterol and body mass index (BMI)'7"?,
greater attention to weight controland GFD quality inindividuals with
coeliac disease and T2DM should be considered.

Thyroid disease is the most common concurrent autoimmune
comorbidity in individuals with coeliac disease. An analysis of the
National Healthand Nutrition Examination Survey (2009-2014) from
the United States found that14 of the 77 individuals with coeliac disease
had self-reported thyroid disease (population-weighted prevalence:
20.5%)'*°. The analysis included individuals with prior diagnosis of coe-
liac disease by a healthcare professional and those with undiagnosed
coeliac disease based on elevated serum anti-transglutaminase and
anti-endomysial antibody levels. A study designed to examine individu-
alswith undiagnosed coeliac disease in the United States noted that this
population had anincreased prevalence of hypothyroidism (OR1.97)*.
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Primary hyperparathyroidism has been investigated in a
population-based study in Sweden. This study found that individu-
als with coeliac disease had an increased risk of primary hyperpar-
athyroidism (HR 1.91), with an absolute excess risk of 20 per 100,000
person-years compared with coeliac disease-free general population
referenceindividuals'”. The study has also shown that therisk increase
for this condition was confined to thefirst 5 years after coeliac disease
diagnosis.

Cancer

Coeliac disease is statistically significantly associated with increased
risks of intestinal and extraintestinal cancers, but relative and abso-
lute excess risks are very low?>'?* (Box 1). A population-based study
inSweden reported that, overall, coeliac disease was linked to cancer
development only in the first year after diagnosis'*.

These differential risks appear to be related to coeliac disease
per serather thangenetic disposition, as first-degree relatives of indi-
viduals with coeliac disease have a cancer risk similar to that of the
general population'. As with most autoimmune disorders, the cancer
risk in coeliac disease is highest in disease-related organs (that is, the
immune system and small intestine) compared with more distant
organ systems'®,

Although the relative risk of some cancers is statistically signifi-
cantly elevated inindividuals with coeliac disease, itisimportant when
counselling patients torecall that the absolute risk is low and that most
individuals with coeliac disease who develop cancer have the most
common cancer types, as in the general population, which are not
specifically related to coeliac disease. It has been estimated that coeliac
disease per seis linked to1extra case of cancerin every125individuals
with coeliac disease continuously followed for 10 years'>,

For this reason, with the exception of individuals with histologi-
cally confirmed refractory coeliac disease, there are currently no rec-
ommendations for cancer screeninginindividuals with coeliac disease
beyond those of the general population.

Nutrition

Coeliacdisease caninteract with nutritional status owing tothe reduced
absorption capacity of the small intestine due to mucosal injury, or
through the differential dietary quality of a GFD compared with a
traditional diet’*'?’. For these reasons, nutritional status should be
assessed at the time of diagnosis and over time as nutritional conse-
quences can evolve in coeliac disease. Active coeliac disease can lead
to deficiencies iniron, folate, vitamin D and zinc'*'*’, as well as other
micronutrientsincluding vitamins B, and B, vitamins Aand K, copper
and magnesium®’. Estimates of the prevalence of these deficiencies in
both children and adults with coeliac disease vary greatly, ranging from
<10% to >80%"*", depending in large part on regional differences in
diet, supplementationand fortification. For these reasons, best practice
for nutritional testing in coeliac disease should be based on local epide-
miology whenever possible. In severe cases, coeliac disease canlead to
overallmalabsorption of proteins and energy, steatorrhea and related
deficienciesin fat-soluble vitamins™2, Although many deficiencies are
expected toimprove with control of coeliac disease, supplementation
might be needed, particularly early after diagnosis or in individuals
with ongoing active coeliac disease.

Inaddition to the consequences of small intestinal mucosal dam-
age, the GFD mightitselfincrease therisk of nutritional concerns'*5'%,
Inparticular, the GFD canbe low in fibre and B vitamins but highin fats
andrefined sugars, leading to constipation, vitamin deficiencies, weight

gainand elevated cholesterol levels'?*?'33, There is growing awareness
that coeliac disease might lead to disordered eating, a condition that has
nutritional consequences™. For these reasons, ongoing consultation
with a dietitian who is experienced in coeliac disease is necessary for
patients and follow-up laboratory tests should consider risk factors,
including deficiencies at the time of diagnosis and dietary habits*".

Cardiovascular disease

Multiple studies support a modest increased risk of cardiovascular
disease (CVD) inindividuals with coeliac disease. A population-based
study of Swedish individuals found an increased risk of myocardial
infarction or angina (HR 1.19), with an absolute excess risk of 60 per
100,000 person-years, equal to 1 extra case of myocardial infarctionin
about 170 individuals with coeliac disease followed-up for 10 years™®.
Ananalysis of the same population reported anincreased risk of stroke
(HR1.10), with an absolute excess risk of 24 per 100,000 person-years'”.
An analysis of an updated and expanded Swedish histopathology
cohort (ESPRESSO)"® established that the cardiovascular mortality
risk in coeliac disease is increased (HR 1.08), with an absolute excess
risk of 10 per 100,000 person-years, or one extra death from CVD in
1,000 individuals with coeliac disease followed-up for 10 years’. Data
fromFinland have indicated that the excess CVDrisk s limited to indi-
viduals with coeliac disease and not seen inindividuals with dermatitis
herpetiformis™.

The mechanism for theincreased risk of CVD might differ from that
for the general population. Among Swedish individuals withischaemic
heart disease, those with coeliac disease had lower serum cholesterol,
lower BMIand were less likely to smoke'°. Similarly, an analysis of the
UK Biobank detected anincreased risk of CVD among individuals with
coeliac disease (HR 1.27) despite lower rates of smoking, lower blood
pressure and lower BMI in this population (when adjusting for tradi-
tional CVD risk factors, the risk estimate increased to 1.44)'*. Hence,
the explanation for the observed excess CVD risk should be sought
elsewhere, potentially in the chronic inflammation that is associated
with coeliac disease or nutritional deficiencies' (Fig. 2).

Genetic conditions
Downsyndrome and Turner syndrome carry anincreased risk of coeliac
disease. A registry-based cross-sectional study on individuals with

Box 1| Associations between coeliac
disease and different types of cancer

Cancer types that have been investigated in association with coeliac
disease are listed and arranged by the direction and statistical
significance of the association, as well as the consistency of
existing evidence.
¢ Strong and consistently positive: non-Hodgkin lymphoma®,
enteropathy-associated T cell lymphoma'®***° and small
intestinal adenocarcinoma'.
¢ Weak or inconsistently positive: oesophageal cancer®®, thyroid
cancer’, pancreatic cancer'” and liver cancer'®.
o Neutral: colorectal cancer'”, prostate cancer’®?, melanoma?®,
gastric cancer'”

and lung cancer'®.
e Weak or inconsistently negative: endometrial or ovarian
cancer’™,

¢ Strong and consistently negative: breast cancer'®.
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Downsyndromein New York state found that 5% of the study population
were diagnosed with coeliac disease, according to parental reports'*.
Similarly, in Olmsted County, Minnesota, 7% (3 out of 45) of individu-
als with Down syndrome had been diagnosed with coeliac disease'**.
Arecord-linked dataset of hospital admissions in England reported
that individuals with Turner syndrome had a 14-fold increased risk of
coeliac disease'. However, this risk increase was substantially lower

(approximately 3-fold) in a Swedish nationwide case-control study*.

Psychiatric disease

Many studies of varying methodologies and settings have detected
associations between coeliac disease and several psychiatric mor-
bidities. For example, a GFD prescription might worsen the latent ten-
dency to disordered eating. A nationwide population-based study
in Sweden observed an increased risk of anorexia nervosa after the
diagnosis of coeliac disease (HR 1.46; absolute risk difference: 9 per
100,000 person-years)™’.

Ananalysis within the Swedish nationwide histopathology cohort
ESPRESSO™® noted that the risk of psychiatric disorders was increased
inindividuals diagnosed with coeliac disease in childhood (HR 1.19,
equal to one extra psychiatric event in 52 individuals with coeliac dis-
ease followed for 10 years)"™. Anincrease in specific disordersincluded
mood disorders (HR1.20), anxiety disorders (HR1.12), eating disorders
(HR1.34), attention deficit hyperactivity disorder (HR1.29) and autism
spectrum disorder (HR1.47). The overall risk of psychiatric disorders
increased immediately after coeliac disease diagnosis but was also
observed over thelongterm.In children diagnosed with coeliac disease
who reached the age of 18 years without a diagnosis of psychiatric dis-
ease, therisk of a psychiatric disease diagnosis in adulthood (=18 years)
increased (HR 1.11; absolute excess risk: 1.8 per 1000 person-years)".

In contrast, the risk of schizophrenia does not seem to increase
after a diagnosis of coeliac disease; no association was found in the
previously discussed Swedish study or in a population-based study
in Denmark™"*,

Neurological disorders

Peripheral neuropathy and ataxia are two common neurological mani-
festationsin coeliac disease, which are presumably mediated by auto-
immunity against brain-expressed transglutaminase 6 (refs.149,150).
Gluten neuropathy and gluten ataxia represent 19-30% and 19-40%,
respectively, of neurological conditions in individuals with coeliac
disease™'. A Swedish nationwide histopathology cohort reported a
2.5-fold increased risk of developing peripheral neuropathy in indi-
viduals with coeliac disease compared with the general population™?,
whilerelative risk estimates for ataxia remain scarce. Both conditions
primarily affect older populations, and some single-centre experiences
suggest an ameliorating effect of a GFD™*%"!,

In addition to these neurological manifestations, there is evi-
dence for profound organic changes in the brain of individuals with
coeliac disease, indicated by white matter abnormalities and cerebral
hypoperfusion**"*>*>* In Sweden, individuals with biopsy-confirmed
coeliac disease had a higher risk of headache-related healthcare visits
bothbefore and after diagnosis (OR1.65and HR1.66, respectively). This
finding was later corroborated by a Danish nationwide cohort, which
reported a49% increased risk of incident migraine in individuals with
coeliac disease™®', Positive associations have also been observed
between coeliac disease and other neurological disorders, such as
epilepsy"**»%57 and vascular dementia™®. However, findings on the
association between coeliac disease and stroke are inconsistent™”'*,

and despite the autoimmune nature of amyotrophic lateral sclerosis
and myasthenia gravis, there is no evidence linking them to coeliac
disease"*1°,

Skindisorders

Dermatitis herpetiformis is a cutaneous disorder with a pathophysi-
ology that is partially shared with coeliac disease'®. Common skin
diseases are associated with coeliac disease. A population-based study
inSweden found thatindividuals with coeliac disease had anincreased
risk of skin disorders (HR1.55; absolute risk difference of 7.8 per 1,000
person-years)'®. In addition to dermatitis herpetiformis, this study
alsofound anincreasedrisk for other skin diseases, including eczema,
psoriasis, urticaria, vitiligo, acne and alopecia areata. In an analysis
of alarge health management organisation in Israel, the association
between coeliac disease and atopic dermatitis was stronger among
individuals with moderate-to-severe skin disease, witha prevalence of
diagnosed coeliac disease of 0.8% in that group compared with 0.3%

inindividuals without atopic dermatitis'®.

Refractory coeliac disease

Refractory coeliac disease refers to the presence of persistent symp-
toms related to malabsorption and villus atrophy despite adherence
tothe GFD for>12 months. The conditionis rare, affecting <2% of indi-
viduals with coeliac disease'**. Most individuals with refractory coeliac
disease have normal or near-normal coeliac disease-related serologies,
as these values decline after adoption of the GFD. The condition is
classified according to the molecular characteristics of intraepithelial
T cell populations, with type 1 consisting of a polyclonal population
and type 2 characterized by a monoclonal population'®. Mortality
riskin type Il refractory coeliac disease is high, and current therapies

are limited in efficacy®.

Mucosal healing

For most individuals with coeliac disease, adopting a GFD leads to
clinical improvement and histological resolution of villus atrophy.
Because clinical improvement and serological normalisation do not
reliably predict mucosal healing'®"'%, a follow-up biopsy to assess for
this histological outcome has been advocated, givenits potential clini-
cal utility'®. Guidelines published by the American College of Gastro-
enterology in 2023 suggest setting the goal of mucosal healing as an
end point of therapy, but also that the patient and provider engage in
shared decision making to assess mucosal healing in the absence of
symptoms*. However, routine follow-up biopsy to confirm healing is
not universally advocated. A guideline on monitoring of coeliac disease,
issued by an international panel of coeliac disease experts, recom-
mended against the use of aroutine re-biopsy strategy in individuals
with coeliac disease on a GFD, suggesting instead that the decision be
based on clinical findings and risk factors"°.

Comparisons of patients with mucosal healing to those with persis-
tentvillusatrophy have been assessed on various outcomes (Fig.3). Most
studies were conducted inthe population-based cohorts establishedin
Sweden, using either the ESPRESSO cohort*® or its antecedent'”. These
studies evaluated all patients who had a follow-up biopsy 6 months to
Syears after the initial biopsy, which comprised approximately 25%
of all individuals with an initial diagnosis of villus atrophy. Persistent
villus atrophy was present in 43% of individuals on their follow-up
biopsy". Individuals with persistent villus atrophy tended to be older,
hadashorter duration of coeliac disease and had alower educationlevel

compared with individuals with mucosal healing”.
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Multivariate analyses that assessed the outcomes of individu-
als with persistent villus atrophy compared with those with mucosal
healing revealed increased risks of lymphoproliferative malignancy
(HR 1.87)'%, and specifically non-Hodgkin lymphoma (HR 2.82) and
possibly T celllymphoma (HR 3.51)'"%, as well as small intestinal adeno-
carcinoma (HR5.55). Persistent villus atrophy was also associated with
hip fracture (HR1.67)%°. Although overall mortality in coeliac disease is
increased compared with matched controls, the relationship between
persistent villus atrophy and mortality remains uncertain, with some
datasuggesting no increased risk® and other work demonstrating a sub-
stantial increase inmortality with persistent villus atrophy'®’. However,
persistent villus atrophy was associated with a lower risk of epilepsy
(HR 0.61) and breast cancer (HR 0.56)'*. The latter observation might
be duetorelative malabsorption and decreased breast tissue, although
thisis speculative. Beyond the scope of malignancies, mucosal healing
has also been associated with an increased risk of anxiety (HR 1.49)""
(Fig. 2). This association might be related to the hypervigilance that
can both promote and be a by-product of stringent adherence to the
GFD'*. More research on the pros and cons of a strict GFD in coeliac
diseaseisneeded.

Implications for new treatments

Currently, the only treatment for coeliac disease is a lifelong GFD, but
thisis oftenineffective at achieving symptom control and mucosal heal-
ing. Persistentand recurrent symptoms are commonly reported, andin
one analysis based in a coeliac disease referral centre, over half of the
individuals who followed a self-reported GFD had ongoing symptoms,

which are often the same as those that prompted their diagnosis'”. The
causes of these symptoms are heterogeneous and include concurrent
common functional disorders (such asirritable bowel syndrome), but
ongoing gluten exposure is often identified as a culprit”®. Studies on
the detection of traces of glutenin food and biospecimens have estab-
lished that gluten exposure is common, even among those reporting
strict adherence to the GFD"7%, As such, it is now perceived that a
true GFD is virtually impossible and that a more realistic approach is
to adopt strategies to minimize gluten exposure. Studies have shown
thatgluten exposureis oftenidentified eveninindividuals who follow
aGFD or in gluten-free labelled food itself'5"7°,

Given the substantial limitations and practical difficulties of the
GFD, there have been major efforts to develop non-dietary therapies
adjunctive tothe GFD. Although afull review of theresearchand devel-
opmentspanand status of these treatments is beyond the scope of this
article (reviewed elsewhere'™), broad categories of therapeutics in
developmentinclude: drugs thatact onglutenvia peptidase/protease
activity, rendering the peptide fragments non-immunogenic (such as
latiglutenase™' and TAK-062 (ref. 182)); drugs that promote tolerance
by a parenteral presentation of gluten to suppress the inflammatory
cascade (such as Nexvax2 (ref. 183), TAK-101 (ref. 184) and KAN-101
(ref. 185)); blockers of cytokines thought to be central in the immune
responseto gluten, suchasIL-15 (including AMG-714/PRV-015 (ref. 186)
and CALY-002 (ref. 187)); and blockers of the downstream processing
of gluten fragments by tissue transglutaminase and its presentation
by antigen-presenting cells (such as ZED-1227/TAK-227 (ref. 188) and
DONQ52 (ref.189)).
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Typically, trials testing these therapeutics measure symptoms
and histological outcomes in line with regulatory guidance'’. These
criteriaimply thatif therapeutics are approved, it will remain unclear
whether they will alter the patterns of complications and comorbidities
outlined in this Review. Although mucosal healing is correlated with
areduced incidence of lymphoproliferative malignancy'’> and osteo-
porotic fracture®, these outcomes would not be measurable within
the relatively short time horizon of a clinical trial. These long-term
outcomes, along with the increasing prevalence of coeliac disease
and control over the comorbidities discussed in this Review, will be of
keen interest when examining the overall health effects of adjunctive
therapies and warrant adequately powered post-marketing studies.

Perspectives and future directions

Coeliacdiseaseis associated with awide range of disorders. Although
therelative and absolute risks are often low to moderate, the high num-
ber of associated disorders suggests that the proportion of individuals
with coeliac disease with comorbidities and complicationsis large. For
example, we expect only one additional case of myocardial infarction
for every 170 individuals with coeliac disease and one additional case
of cancer for every 125 individuals with coeliac disease within 10 years
of follow-up™*"**. Inaddition, there is possibly one excess spontaneous
abortion per 100 pregnancies in women with coeliac disease®. These
mildly increased risks are seen in individuals across a wide range of
demographics®'#3¢, However, taken together, the complications and
comorbidities collectively constitute a substantial disease burdenin
individuals with coeliac disease.

Inaworking-age population the overall burden of coeliac disease
translates into an almost 50% increase in work loss, equivalent to an
annual work loss of 15 extra days'. This gap does not seem to decrease
with time since diagnosis (whichis presumably equal to time on GFD)"®.
Moreover, the most lost workdays were seen in individuals with the
lowest level of education, suggesting that management of coeliac
disease might be negatively affected by poor socioeconomic status™®.

The complications and comorbidities of coeliac disease have impli-
cations for healthcare. In 2020, Mérild and colleagues demonstrated
that individuals with coeliac disease have higher overall healthcare
costs than the general population. Cost increases were not primarily
attributed to GFD prescriptions in follow-up visits but to comorbidi-
ties, complications and associated medication use”. To minimize the
effect of coeliac disease, patients must be appropriately followed-up
and informed about measures to treat coeliac disease and counter
the risk of complications and comorbidities. In addition, individuals
with coeliac disease should be encouraged to follow a healthy lifestyle,
such as maintaining a healthy weight through increased fibre intake
andregular physical activities. Inaddition, in our opinion, individuals
with coeliac disease should avoid common adverse risk factors such
astobacco and alcohol. This advice would reduce the risk of CVD and
cancer, the predominant causes of death in individuals with coeliac
disease’. Other preventive measures include vaccinations; vaccina-
tions for infection (for example, pneumococcal and influenza) should
be encouraged because these infections have been linked to coeliac
disease™’*"",

We advocate a GFD for symptom relief and mucosal healing.
Mucosal healing has been linked to a lower risk of lymphoprolifera-
tive cancer, small intestinal adenocarcinoma and hip fracture*"72,
However, mucosal healing might not protect against all complications
and comorbidities, as their underlying mechanisms are varied and
might be intertwined with genetic features. It should also be noted

that mucosal healing might have side effects such as anxiety'”*. Weight
gain following a GFD might also have negative effects (possibly on
breast cancer risk)'??, and earlier research by Lebwohl and colleagues
showed thata GFD is not beneficial fromacardiovascular perspective
inindividuals without coeliac disease®’. The development and imple-
mentation of adjunctive therapies hold promise. In clinical trials such
drugs are evaluated against coeliac disease-specific measures such as
villus-height ratio, antibody levels and symptoms. However, after their
marketapproval,inthelonger term such drugs should also be evaluated
based on their ability to reduce complications and comorbidities.

Many comorbidities share immunological and genetic features
with coeliac disease, which canbelinked to theinflammation or malnu-
trition that characterize coeliac disease. Thus, healthcare isimportant
in preventing comorbidities and complications. One way to achieve
this goal is to detect disease early, which prompts screening in high
risk groups such asindividuals with TIDM and anaemia®'*

Conclusions

Coeliac disease is a common and serious autoimmune disease with a
potential for substantial complications, burdensome signs and symp-
toms, and a diminished quality of life. In addition, itis associated with
many intestinal and extraintestinal disorders. The absolute risk of each
individual disorder is often low but, when taken together, has asubstan-
tial burden. Inthis Review, we have summarized the dataon complica-
tions and comorbidities of coeliac disease in different organ systems.
High awareness of coeliac disease and proper follow-up management
are essential to reduce comorbidities and complications.

Published online: 28 January 2025
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