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Abstract | Coeliac disease is a common disorder that can arise at any age and typically presents with a 
broad spectrum of symptoms. The disease is thought to be underdiagnosed, in part owing to the fact that 
coeliac disease is often characterized by associated conditions and extraintestinal manifestations that can 
misdirect and impede diagnosis. Some of these manifestations are direct consequences of autoimmunity, 
such as dermatitis herpetiformis or gluten ataxia, whereas others are indirectly related to inflammation and/or 
malabsorption including anaemia, osteoporosis, short stature and delayed puberty. Any organ from the central 
nervous system to joints, liver or teeth can be affected. In some cases, extraintestinal symptoms are the only 
clinical manifestations of coeliac disease or occur in conjunction with diarrhoea and malabsorptive symptoms. 
An increased awareness among medical practitioners of the variety of extraintestinal manifestations of coeliac 
disease is essential to improve diagnosis and treatment.
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Introduction
Coeliac disease is a systemic immune-mediated dis-
order triggered by dietary gluten in individuals who are 
genetically susceptible to the disease. Coeliac disease is 
further characterized by variable clinical presentation, 
a specific serum autoantibody response and a variable 
degree of damage in the small intestinal mucosa. HLA 
molecules DQ2 (90–95%) and DQ8 (5–10%) are asso-
ciated with coeliac disease and in the continued pres-
ence of gluten the disease is self-perpetuating.1–3 Until 
the mid-1970s, coeliac disease was described as a mal-
absorption syndrome during childhood.4 However, more 
in-depth studies and increased awareness have shown 
that the disease can affect individuals of any age and eth-
nicity, and any organ in the body. Several reports suggest 
a major shift in the clinical presentation of coeliac disease 
with extraintestinal symptoms being more prevalent than 
classical gastrointestinal symptoms.3,5–9 This Review pro-
vides an overview of the pathogenic mechanisms and 
a rationale for the development of the extraintestinal 
 manifestations that characterize coeliac disease.

Pathophysiology
The pathophysiology of coeliac disease has been exten-
sively investigated in the past 10–15 years.10–12 Coeliac 
disease is a unique autoimmune disease that involves 
an external trigger (dietary gluten) and leads to changes 

in intestinal permeability, enzyme modification, HLA 
recognition and innate and adaptive immune responses 
to gluten peptides via autoantigens, such as tissue trans-
glutaminase 2 (TG2, also known as protein-glutamine 
γ-glutamyltransferase). Eventually, these changes can 
lead to coeliac enteropathy (Figure 1). Although tradi-
tionally considered a disease of the adaptive immune 
system, investigators have presented evidence that IL-15 
can mediate a rapid activation of the innate immune 
system.12 These reports confirm the key role of IL-15 
in intestinal mucosal damage after ingestion of gliadin, 
a component of gluten.13 After innate immune activa-
tion, deamidated gluten peptides bind to HLA-DQ2 
or DQ8, resulting in the activation of T cells in the 
lamina propria. In the intestinal mucosa, active cyto-
toxic T cells are responsible for the destructive enter-
opathy that is a hallmark of coeliac disease, whereas 
in humoral immunity antibodies are produced that 
target TG2 and gluten peptides. Some of these activated 
CD4+ T cells are primed in the gut to express the gut-
associated homing molecule α4β7 and receptor CCR9 
(also known as C-C chemokine receptor type 9) and 
have been detected in extraintestinal tissues of patients 
with coeliac disease.13 This observation suggests that the 
pathogenesis of extraintestinal coeliac disease symptoms 
can, at least in part, be attributed to the spreading of 
the adaptive immune response to tissues other than the 
intestinal mucosa. This directly related auto immunity 
is most established in dermatitis herpetiformis, but 
might affect other disorders, including neurological 
disease and fertility disorders.14,15 Coeliac disease can 
also lead to extraintestinal manifestations as a result of 
nutritional consequences of malabsorption and chronic 
i nflammation (Table 1).
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Extraintestinal manifestations
Anaemia
Anaemia as an extraintestinal manifestation of coeliac 
disease is the second most frequent mode of presentation 
in adults, occurring in ~15% of adults with the dis order.16,17 
However, in children (≤18 years of age) coeliac-disease-
associated anaemia is less common and accounts for ~3% 
of individuals, according to a large study conducted in 
2011.18 In this study, recurrent abdominal pain, growth 
issues and the screening of high-risk groups most com-
monly led to the diagnosis of coeliac disease in children.18 
In adults, the most common symptom upon presentation 
is diarrhoea, which develops in ~40% of patients, although 
some of these patients can have anaemia as well. Overall, 
~20% of the patients seen in one centre had anaemia at the 
time of presentation (17% of men and 22% of women).19 
Iron deficiency is the most commonly recognized cause of 
anaemia in patients with coeliac disease, followed by folate 
and vitamin B12 deficiencies, which are also common at 

Key points

 ■ Coeliac disease is often accompanied by extraintestinal manifestations, which 
can be the result of aberrant immune responses but also malabsorption

 ■ These concurrent conditions can affect various systems and organs, and 
include manifestations in the skin, musculoskeletal and central nervous system

 ■ Anaemia, osteoporosis, dermatitis herpetiformis and gluten ataxia are among 
the most commonly seen characteristics

 ■ In the paediatric population, coeliac disease can lead to severe growth 
disorders, such as short stature and delayed puberty due to hypogonadism

the time of diagnosis.19 Each deficiency occurs, in the 
absence of anaemia, in 33%, 10% and 8% of men and in 
19%, 13% and 4% of women, respectively.19 Macrocytic 
anaemia is unusual.19 Malabsorption of nutrients is not 
the only cause of anaemia in coeliac disease, the chronic 
inflammatory process in the intestine contributes as well.20 
‘Anaemia of chronic disease’ (a form of anaemia associ-
ated with inflammation) is seen in ~25% of patients with 
coeliac disease.20 

When patients with anaemia as the main reason for 
presentation in the clinic were compared to those who 
presented with diarrhoea only, patients with anaemia had 
evidence of more severe disease.21 These patients had a 
higher erythrocyte sedimentation rate, increased anti-
TG2 IgA levels, lower cholesterol levels and more severe 
degrees of villous atrophy and bone disease than patients 
without anaemia.21 This finding was surprising because 
it was expected that those with a diarrhoeal presenta-
tion would have a more severe disease. A severity index 
comparable to the one for IBD is not available for coeliac 
disease and symptoms such as diarrhoea cannot be used 
as severity indicators, in contrast to measurable indices 
such as haemoglobin levels, erythrocyte sedimentation 
rate and the degree of villous atrophy. Similar findings of 
severity were reported in a study involving patients with 
anaemia from India.22

The examination of patients with anaemia due to 
iron deficiency or other nutrient deficiencies for coeliac 
disease is a useful way to detect the condition, which 
might otherwise go undiagnosed. In a study from India, 
10% of patients with nutritional anaemia had coeliac 
disease.23 In the USA, endoscopic evaluation of patients 
with iron-deficiency anaemia revealed coeliac disease in 
8.7% of participants,24 and in 2.8% in another study.25 
Furthermore, differences are also apparent within pop-
ulations. For example, coeliac disease is increasingly 
prevalent in white populations of European descent, 
as opposed to nonwhite individuals: in one study, 
4% of white individuals who were iron-deficient had 
coeliac disease, compared to none of the iron-deficient, 
n onwhite individuals.26

Guidelines for gastroenterologists in the UK and USA 
suggest that all patients with iron-deficiency anaemia 
should be tested for coeliac disease.27,28 However, no 
such guidelines have been published for haematolo-
gists and a survey revealed little knowledge about the 
relevance of iron-deficiency anaemia for coeliac disease 
among haemato logists in the USA.29 Abnormal blood 
samples with evidence of microcytosis or anisocytosis 
might prompt a search for iron-deficiency anaemia and 
coeliac disease. In addition, low levels of HDL or total 
cholesterol can indicate the presence of coeliac disease 
in patients with iron-deficiency anaemia.30,31 Low choles-
terol levels probably result from malabsorption, whereas 
HDL production depends on the generation of apolipo-
protein A1 by the intestine, a major protein component 
of HDL. Another important clue that might indicate 
the presence of coeliac disease is the failure to respond 
to oral iron supplementation, compared with a brisk 
response to intravenous iron supplementation.
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Figure 1 | Extraintestinal manifestations of coeliac disease. Indigestible gluten 
fragments cause enterocytes to release the protein zonulin, which loosens tight 
junctions between enterocytes (1). Nonself antigens, including gluten, other food 
antigens and microorganism components gain access into the lamina propria and 
activate inflammatory cells to release cytokines (including IL‑15) that cause innate 
immune inflammation (2). The enzyme TG2 released from damaged cells 
deamidates gluten fragments, making them more adapted to engage HLA DQ2/
DQ8 molecules expressed on the surface of antigen presenting cells (3). APCs 
present the nonself antigens to TH cells (4). TH cells initiate killer T cells to directly 
attack enterocytes (5). Activated inflammatory cells migrate to the intestinal 
epithelial cells causing local inflammation responsible for gastrointestinal 
symptoms and/or to other districts where they trigger inflammation responsible for 
extraintestinal symptoms (6). Abbreviations: APC, antigen‑presenting cell; TG2, 
tissue transglutaminase 2; TH cells, T helper cells. Permission obtained from 
Macmillan Publishers Ltd © Fasano, A. Sci. Am. 301, 54–61 (2009).
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Musculoskeletal manifestations
Osteopenia and osteoporosis
Reduced bone mineral density is common in both adults 
and children with coeliac disease, with the exception of 
those who have been on a gluten-free diet since child-
hood (Figure 2).32 This phenomenon occurs in asymp-
tomatic and symptomatic patients,33 but is more severe 
in those with gastrointestinal symptoms.33 Persistent 
villous atrophy is associated with osteoporosis34 and an 
increased fracture risk,35 although population-based 
studies in the UK revealed either no36 or only a mini-
mally increased fracture risk.37,34 By contrast, the results 
of a study conducted in the USA indicated an elevated 
fracture risk in patients with coeliac disease,38 but in a 

different study from Argentina fracture was limited to 
those patients with a classic symptomatic presentation.39 
In a single-centre study, ~10% of patients with coeliac 
disease were assessed and subsequently diagnosed 
because of reduced bone density,17,32 whereas in another 
study 50% of patients had reduced bone density.9 The 
screening of postmenopausal women, who are at high 
risk of developing reduced bone mineral density, is cur-
rently not cost-effective, and an increased incidence of 
coeliac disease was not evident in this group of indi-
viduals in one study.40 However, we recommend the 
evaluation of any patient found to have reduced bone 
mineral density that is not explained by age or other 
apparent medical conditions. The mechanism of bone 

Table 1 | Extraintestinal manifestations of coeliac disease

Manifestation Prevalence Pathophysiology Testing and treatment References

Anaemia Common Nutritional deficiencies: iron 
most frequently followed by 
folate and vitamin B12

Chronic inflammation

Regular testing of haemoglobin 
and vitamin status recommended

17,19

Reduced bone density Common Nutritional, inflammatory, 
autoimmune

BMD testing recommended within 
1 year of diagnosis

30,35

Arthritis Common Inflammatory and/or 
autoimmune

Evaluation of symptomatic 
individuals

51,52

Dermatitis 
herpetiformis

Uncommon Autoimmune: crossreaction of 
TG2 antibodies with TG3 in skin

Skin biopsy of suspected disease, 
adjunctive treatment with dapsone

54,55,56

Eczema or psoriasis Uncommon Inflammatory Consider coeliac disease in 
severe psoriasis

59,60

Gluten ataxia Rare Autoimmune Coeliac disease testing in 
idiopathic ataxia

72,74

Autism Not clearly 
associated

Unknown Coeliac disease testing in ASD 
is reasonable

79,81

Schizophrenia Not clearly 
associated

Unknown Coeliac disease testing 
not typically recommended

86,90

Peripheral neuropathy Common Autoimmune, inflammatory Coeliac disease testing 
in unexplained neuropathy

92

Short stature Common in 
paediatric 
populations

Nutritional, hormonal, 
inflammatory

Coeliac disease testing 
in growth delay

94,98

Delayed puberty Uncommon Nutritional, hormonal, 
inflammatory

Coeliac disease testing in 
affected individuals

99

Hepatitis Common Inflammatory, autoimmune LFT testing in patients with coeliac 
disease, coeliac disease testing 
in unexplained liver disease

105,106

Cardiovascular 
manifestations

Not clearly 
associated

Nutritional, inflammatory None 119,124

Splenic manifestations Uncommon Autoimmune, inflammatory, 
haemodynamic

Consider vaccination against 
influenza, pneumococcus

112

Pulmonary 
manifestations

Rare Autoimmune None 114

Renal manifestations Rare Autoimmune None 116

Pancreatic 
manifestations

Uncommon Obstructive, inflammatory Pancreatic exocrine testing in 
nonresponsive coeliac disease

126,127

Reproductive 
manifestations including 
impaired fertility

Uncommon Nutritional, inflammatory, 
autoimmune

Coeliac disease testing in 
unexplained infertility

129,130

Dental Uncommon Nutritional, inflammatory Coeliac disease testing in dental 
enamel defects

133

Abbreviations: ASD, autism spectrum disorder; BMD, bone mineral density; TG2, tissue transglutaminase 2; TG3, transglutaminase 3; LFT, liver function test.
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density reduction in coeliac disease is multifactorial. 
Malabsorption of calcium and vitamin D with associ-
ated secondary hyperparathyroidism,41,42 increased 
circulating cytokines, misbalanced bone remodelling 
factors43 and autoimmune factors might contribute to 
coeliac-disease-associated reduced bone density.44,45 The 
standard treatment for these patients is a gluten-free diet, 
combined with repletion of calcium and vitamin D to 
improve bone mass.46 Data on drug therapies for coeliac 
disease-related osteopenia are limited but one study sug-
gests that zoledronic acid is not effective as an adjuvant 
to the gluten-free diet.47

Arthritis
Arthritis might be more common in patients with 
coeliac disease than previously considered.48 In a 
study from 1985, an association between seronegative 
arthritis and coeliac disease was found, based on the 
observation that patients who initially presented with 
prominent arthritis markedly improved after coeliac 
disease had been diagnosed and they commenced a 
gluten-free diet.49 Similarly, an association between 
arthritis in childhood and coeliac disease was demon-
strated,50,51 although not confirmed, in a study from 
the Netherlands.52 Among adults, bone scintigraphy 
detected sacroiliitis in 60% of patients with coeliac 
disease.53 In another study that included 200 patients 
with coeliac disease, arthritis was present in 26% of 
individuals compared with only 7.5% in a control 
group, the arthritis being both peripheral and central.54 
More population-based studies are needed to assess the 
r elationship of coeliac disease with arthritis.

Skin manifestations
Dermatitis herpetiformis
Dermatitis herpetiformis was one of the first well-
established extraintestinal manifestations of coeliac 
disease.55,56 Clinically, dermatitis herpetiformis presents 

as intensely pruritic papules and vesicles, primarily on 
extensor surfaces such as elbows, knees and buttocks 
or the lower back (Figure 3a). Lesions can be limited to 
small areas or are diffused over the whole body, and can 
be present only intermittently, such that only excoria-
tions (abrasive skin lesions) in characteristic areas might 
be present during a clinical exam.56 For this reason, clin-
icians should elicit any reports of chronic pruritus from 
patients with coeliac disease and family members, and 
recommend dermatological evaluation in these patients. 
Dermatitis herpetiformis is diagnosed when standard 
microscopic examination of skin biopsy samples reveals 
granular IgA deposits (Figure 3b) and neutrophil infil-
trates in the papillary dermis.56 In the exact region of 
a lesion or excoriated area, the pathological features 
of dermatitis herpetiformis are disrupted and biopsy 
samples will only demonstrate nonspecific inflamma-
tory changes, which is a major diagnostic issue. Ideally, 
a skin biopsy should therefore be performed on normal 
appearing skin just adjacent to an affected area.57,58

Dermatitis herpetiformis is considered to be a 
directly immune-mediated extraintestinal manifesta-
tion of coeliac disease.56 Active coeliac disease results 
in the generation of antibodies against the endogenous 
protein TG2, which is the main intestinal isoform 
of the TG family of enzymes and closely related to TG3, 
the primary TG found in the skin.59 In dermatitis her-
petiformis, circulating antibodies, produced by the 
intestinal immune reaction to gluten, bind to TG3 in 
the skin; once bound, these antibodies trigger further 
inflammation, which leads to inflammatory dermatitis 
(Figure 3).56 Whereas nearly all individuals with active 
coeliac disease produce antibodies against TG2, only a 
minority develops dermatitis herpetiformis—the reasons 
for this phenomenon are still unclear. Nevertheless, 
derma titis herpetiformis should resolve after patients 
have been treated for coeliac disease by switching to a 
gluten-free diet and the dermatological response often 
correlates with a decrease in IgA-TG2 titres.58 Resolution 
of dermatitis herpetiformis can take months or longer 
on a gluten-free diet and pharmacological therapy with 
dapsone or sulphapyridine is often necessary to rapidly 
improve symptoms.58 Even if dermatitis herpetiformis 
might be the only clinical manifestation of coeliac 
disease, a gluten-free diet is still considered standard 
of care and the goal should be to avoid long-term use of 
medication in patients.58 If ongoing symptoms prevent 
the termination of dapsone or sulphapyridine treatment, 
consistent with nonresponsive coeliac disease, the patient 
should be evaluated for ongoing gluten exposure.60

Eczema and psoriasis
Neither eczema nor psoriasis are considered pathogeni-
cally connected with coeliac disease. However, patients 
with coeliac disease are at a moderately increased risk 
of psoriasis.61 In addition, psoriasis activity generally 
improves in patients with coeliac disease after the adop-
tion of a gluten-free diet.62–64 No recommendations for 
coeliac disease screening in individuals with eczema 
or psoriasis exist to date, but in our opinion, testing 

Nature Reviews | Gastroenterology & HepatologyFigure 2 | Osteoporosis as a manifestation of coeliac disease. Radiograph 
showing classic signs of osteoporosis in a female teenager.
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should be considered in patients with unusually severe 
or d ifficult-to-treat psoriasis.

Nonspecific skin conditions
Although less well-characterized than other skin dis-
orders, patients with coeliac disease frequently report 
nonspecific integument issues, including dry skin, easy 
bruising, brittle nails and thinning hair.65 These symp-
toms do not have an obvious autoimmune aetiology but 
often respond to vitamin supplementation and overall 
improvement in nutritional status.66 Iron, zinc and fat-
soluble vitamins are most often deficient in patients 
with newly diagnosed coeliac disease and repletion 
can accelerate clinical improvement.66 Alopecia areata 
can be a separate, coexisting autoimmune disorder 
in adults and children with coeliac disease, although 
it is less common.67 This condition does not typically 
respond to a gluten-free diet and might be progressive.68 
Consequently, patients with coeliac disease and severe 
hair loss should be promptly referred to a dermatologist 
for evaluation.

Neurological or behavioural manifestations
Gluten ataxia
Gluten ataxia, a lack of coordination of muscle move-
ments that can affect balance, gait, extremity and eye 
movements, is one of the most frequent (~50%) neuro-
logical presentations of coeliac disease.69 Typically, 
gluten ataxia originates in the cerebellum (cerebellar 
ataxia), but it might also be encountered in association 
with myoclonus (sudden muscle contractions). Clinical 
presentation varies from slow-onset in middle-aged 
individuals to rapidly progressive forms.69 Most patients 
(>60%) with gluten ataxia have gait and limb ataxia, 
often in combination with nystagmus (involuntary eye 
movement), which are all common characteristics of 
cerebellar ataxia.69 Sensorimotor axonal neuropathy 

is also frequently found in patients with gluten ataxia 
(~45%); however, gastrointestinal symptoms are unusual 
(<10% of patients).69 Cerebellar atrophy is seen in ~60% 
of patients, whereas those without atrophy usually have 
abnormal results upon proton NMR spectroscopy.69

Gluten ataxia is now considered an autoimmune condi-
tion in the gluten-related spectrum of diseases, whereas 
several years ago it was classified as idiopathic ataxia.70 
The autoimmune reaction in gluten ataxia is mediated 
by antibody crossreactivity between Purkinje cells and 
gluten proteins,15,71,72 and a widespread perivascular 
deposition of TG2 antibodies in the brain.72 Antibodies 
against TG6, a TG primarily expressed in the brain, have 
been detected in patients with gluten ataxia.73–75 In addi-
tion, serum from patients with gluten ataxia and anti-TG 
immunoglobulins, which were derived using phage 
display technology, can trigger ataxia when injected 
intraventricularly into mice.76 After having been diag-
nosed with gluten ataxia, patients are advised to adhere 
to a gluten-free diet. However, the improvement of ataxia 
symptoms can be variable and depends on the duration 
of the disease, as loss of Purkinje cells and detectable 
atrophy are not reversible. Early diagnosis and prompt 
treatment are therefore important to minimize harmful 
consequences and prevent the progression of the disease. 
In gluten ataxia, antibodies against TG2 occur in ~50% 
of patients, often in lower titres than those found in 
patients with coeliac disease.76 These antibodies can 
be of the IgG class. Antibodies against TG2 and TG6 
combined are found in 85% of patients with cerebellar 
ataxia, who are also positive for anti-gliadin antibodies.77 
Further prospective studies are needed to determine the 
best diagnostic approach for the identification of patients 
with gluten ataxia.

Currently, we recommend that patients with cerebel-
lar ataxia should be screened for coeliac disease and the 
presence of anti-gliadin (IgA and IgG) and anti-TG6 
antibodies should be assessed. If no other cause of cere-
bellar ataxia is determined and there is positivity for any 
of these antibodies, a strict gluten-free diet should be 
recommended. If patients adhere to the gluten-free diet 
and antibody titres subsequently decrease in conjunction 
with marked improvement or stabilization of the ataxia, 
a diagnosis of gluten ataxia is supported.

Autism
One of the major developmental disabilities in the USA 
is a group of disorders called autism spectrum disorders 
(ASD), now affecting as many as 1 in 68 children in the 
USA, according to the 2012 estimates from the Centre 
for Disease Control.78 Typically, these chronic disorders 
start before the age of 3 years and demonstrate an exten-
sive spectrum of symptoms with repetitive behaviours, 
social and language impairment. Hyperactivity, aggres-
sion, anxiety and depression aggravate the functional 
disability, which can be irregular, and therapies demon-
strate varying success.79 Case reports have suggested a 
positive association between coeliac disease and ASD.80,76 
The use of diets that do not contain gluten and casein 
has, therefore, received increased interest, particularly 

Nature Reviews | Gastroenterology & Hepatology

a b

Figure 3 | Dermatitis herpetiformis. a | Classical presentation with erythematous 
or excoriated papules with crusts and urticarial lesions bilaterally distributed on 
elbows and knees. b | Immunofluorescent staining of a lesion. Note the granular 
deposits of the immunoglobulin A–fluorescein labelled complex (green) at the 
dermal‑epidermal junction of the skin (papillary dermis).
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among parents of children with ASD. However, aside 
from individual case studies, systematic research findings 
have been contradictory and widely challenged,81–83 and 
in many studies no association between ASD and coeliac 
disease has been identified.82–84 For example, anti-gliadin 
but not coeliac-specific antibodies have been found in 
patients with ASD.85 In 2013, a nationwide review analy-
sis of patients in Sweden with coeliac-disease-associated 
small intestinal enteropathy and ASD revealed a mark-
edly increased risk of ASD in individuals with a normal 
mucosa but positive coeliac disease serology test results.86 
However, the investigators did not find an association 
between prior ASD and subsequent coeliac disease.86

Schizophrenia
In the 1960s, investigators suggested an association 
between schizophrenia and coeliac disease.87 In a d ouble-
blind, controlled trial, individuals with schizophrenia 
who were based in a secure hospital ward and received 
gluten-free or gluten-load diets demonstrated changes 
in the symptoms of their neurological disorder when 
on a gluten-free diet.88 In another study conducted in 
1981, a 5-week gluten challenge showed no deteriora-
tion in clinical status, as measured according to the 
Brief Psychiatric Rating Scale.89 In a third study pub-
lished in 1982, a comparison of gluten-free with gluten-
enriched diets d iscovered no differences in an array of 
p sychological tests.90

When serological testing was performed on samples 
collected and stored from patients in the clinical antip-
sychotic trials of intervention effectiveness (CATIE), 
5.5% of the individuals with schizophrenia had elevated 
levels of IgA anti-TG2 antibodies (compared with 0.8% 
in healthy controls).91 Strikingly, 23% of patients with 
schizophrenia were found to be positive for anti-gliadi n 
antibodies (native gliadin) compared with 3% in the 
healthy group.91 However, the prevalence of coeliac 
disease among patients with schizophrenia was similar 
to the general population, which correlates with data 
published by other researchers.92 In a follow-up study 
on the same group of patients, the increase of anti-TG2 
antibodies in patients with schizophrenia was mainly 
associated with the presence of anti-TG6 antibodies.93 
A high prevalence of antibodies against TG and gliadin 
has been reported in other studies.92,94 Large, controlled 
dietary intervention studies need to be performed, espe-
cially in those individuals that seem to have mounted an 
immune response against gluten.

Other neuropsychiatric associations
Anxiety, depression and attention-deficit/hyperactiv-
ity disorders have also been associated with coeliac 
disease.95,96 However, the cause and magnitude of these 
associations are unclear and current evidence does not 
support routine coeliac disease testing in individuals 
with these disorders. However, health care providers 
should pay particular attention to symptoms that might 
suggest concurrent coeliac disease. In addition, patients 
with coeliac disease often experience symptoms related 
to peripheral neuropathy. According to a report from 

2012,97 38.9% of patients with coeliac disease met criteria 
for peripheral neuropathy, compared with 20.5% in the 
healthy group (P <0.001). In a multiple logistic regression 
analysis of these data, the odds of peripheral neuropathy 
after adjusting for age, gender, diabetes, vitamin B12 defi-
ciency and cancer history were increased for coeliac 
disease (OR 2.51, 95% CI 1.82–3.47).97

Paediatric extraintestinal manifestations
Short stature
Growth disorders, including short stature, are well-doc-
umented manifestations of coeliac disease and might 
represent the only clinical signs of the disease.98 Coeliac 
disease is present in up to 8.3% of children evaluated 
for short stature.99,100 The mechanism that leads to short 
stature in patients with coeliac disease is unclear but 
considered by most investigators to be multifactorial. 
Decreases in serum levels of insulin-like growth factor 1 
and insulin-like growth factor binding protein have been 
implicated.101 Nutritional deficiencies and impaired stim-
ulated growth hormone secretion have also been impli-
cated in coeliac disease.102 In addition to the involvement 
of the growth hormone–insulin-like growth factor 1 axis, 
a role for ghrelin has been proposed.103 After initiation 
of a gluten-free diet, a considerable increase in growth 
velocity might be seen, especially within the first year 
after diagnosis.102 Target height is usually reached within 
3 years after diagnosis, but some patients do not catch up 
in growth with healthy children of the same age, possibly 
related to accelerated bone maturation, which occurs in 
parallel with rapid increases in growth velocity.102

Delayed puberty
In addition to the classic gastrointestinal form, children 
with coeliac disease can also present with a delayed onset 
of puberty due to hypogonadism.104 Delayed menarche 
has been documented in girls with coeliac disease, but 
not in those on a gluten-free diet.104 Androgen resistance, 
evidenced by reduced serum levels of dihydrotestoster-
one and increased serum levels of luteinizing hormone 
has been implicated in the development of coeliac 
disease in boys.104 The mechanism underpinning delayed 
puberty associated with coeliac disease has not been 
definitely established. Potential explanations include 
the possibility that autoimmune factors, directed against 
hormones, receptors or endocrine organs, and the effect 
of the overall increased inflammatory milieu can delay 
puberty. In addition, malabsorption of micronutrients 
that are essential for sex hormone production, carriers or 
receptors can play a part in the delayed onset.104

Organ-specific extraintestinal manifestations
Liver
Hepatitis is commonly associated with active coeliac 
disease, but in clinical practice often remains unrec-
ognized or is attributed to other causes such as fatty 
liver disease. In some studies, up to 10% of patients 
with unexplained or cryptogenic elevations in alanine 
amino transferase or aspartate aminotransferase levels 
had coeliac disease.105,106 Increased levels of liver function 
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enzymes can be observed in nearly half of the patients 
with coeliac disease at diagnosis.107–112 Although these 
abnormalities are generally subclinical, coeliac-disease-
related liver injury can progress to cirrhosis and liver 
failure.113 In epidemiological data, patients with coeliac 
disease have a twofold to sixfold increased risk of future 
liver disease, and an eightfold increased risk of death 
from liver cirrhosis.111,114 For these reasons, clinical 
guidelines recommend an initial screening for abnor-
mal liver function in newly diagnosed patients with 
coeliac disease and routine liver function tests as part 
of coeliac disease follow-up.28,115,116 The pathogenesis of 
coeliac- disease-related liver injury is unclear. Patients 
with coeliac disease have higher rates of classic auto-
immune liver disorders including auto immune hepati-
tis and primary biliary cirrhosis than patients without 
the disease.96 However, ~75% of patients with elevated 
liver enzymes in coeliac disease do not have a separate 
disorder and these individuals respond well to gluten 
withdrawal.112 Whether hepatitis in these cases origi-
nates from crossreacting autoantibodies (as in dermatitis 
herpetiformis) or is initiated by a transfer of cytokines 
and other inflammatory mediators from the small bowel 
through the portal vein into the liver, is unknown.117

Spleen
Active coeliac disease affects the immune system as a 
whole, a phenomenon most clearly confirmed by evalua-
tion of spleen size and function. The association between 
coeliac disease and hyposplenism has been recognized 
since 1970.118 Up to 30% of patients with coeliac disease 
are functionally hyposplenic or asplenic at diagno-
sis.119 Potential aetiologies of this manifestation include 
haemodyamic changes, such as higher blood velocity and 
flow after a meal and generally lower intrasplenic resist-
ance indexes,120 or might be a sign of general r eticular–
endothelia l dysfunction, especially as the coexistence 
of other autoimmune disorders increases the risk of 
impaired spleen function.119 Impaired spleen function is 
also assumed to result in an elevated risk of infectious 
complications, in particular involving encapsulated 
microorganisms, which are often found in untreated 
or newly diagnosed patients with coeliac disease.121 
Currently, none of the clinical guidelines recommend 
the evaluation of spleen function in patients with coeliac 
disease.8,28,122 However, vaccination against influenza and 
pneumonia is generally advised and evaluation should be 
considered in patients with coeliac disease and a history 
of major infections.119

Lungs
The lungs are rarely involved in coeliac disease but pul-
monary manifestations can be life-threatening. The most 
common pulmonary conditions seen in coeliac disease 
are of an infectious nature. Unique to coeliac disease is 
Lane–Hamilton syndrome—a rare and poorly studied 
condition, in which coeliac disease presents with pulmo-
nary haemosiderosis, generally manifesting as dyspnoea 
(shortness of breath) and/or haemoptysis (cough-
ing of blood originating from the respiratory tract).123 

Radiological findings typically include dependent opaci-
ties and are nonspecific to coeliac disease, as is bron-
choscopy.123 The aetiology of pulmonary manifestations 
of coeliac disease is unknown but thought to be related 
to crossreactivity between anti-TG2 antibodies from gut 
and lungs.123 Therapy is generally supportive and symp-
toms can be expected to resolve with time if the patient 
adheres to a gluten-free diet.123

Kidney
Epidemiological data has been interpreted to suggest 
that coeliac disease is associated with an increased risk 
of glomerulonephritis and end-stage renal disease.124,125 
However, clinically relevant renal disease is rarely an 
issue in patients with coeliac disease, except for the fre-
quency of occurrence expected in patients with comor-
bid type 1 diabetes mellitus.126 Currently, neither adult 
nor paediatric clinical guidelines recommend routine 
renal evaluation in individuals with coeliac disease.8,122

Heart
The concept that coeliac disease might modulate car-
diovascular disease risk was first raised by Whorwell 
et al.,127 who found a 40% reduction in mortality owing to 
ischaemic heart disease in people with diagnosed coeliac 
disease compared with the general population. This 
study proposed an apparent protective effect of coeliac 
disease as a result of malabsorption of dietary lipids. In 
a population-based study from the UK, the investigators 
reported lower rates of hypertension and hyperlipidae-
mia in patients with coeliac disease than in the general 
population.128 However, in this study the risk of stroke 
and coronary artery disease were similar to the control 
population and the reported prevalence of hypertension 
and hyperlipidaemia in the control group were substan-
tially higher than age-adjusted rates in populations of the 
UK and USA.129 Interestingly, according to a study con-
ducted in the USA, type 2 diabetes mellitus and metabolic 
syndrome are less prevalent in adults with coeliac disease 
before and after gluten-free diet initiation, compared with 
the general population and matched controls, and the risk 
does not increase after coeliac disease diagnosis, despite a 
rise in BMI.130 Although coeliac disease is associated with 
myocarditis,131 blood flow alterations132 and atrial fibril-
lation133 in rare cases, the overall cardiovascular risk does 
not seem to be elevated in coeliac disease.

Pancreas
Coeliac disease has been associated with multiple forms of 
pancreatic disease, including acute pancreatitis, chronic 
pancreatitis and pancreatic exocrine insufficiency.134,135 
In multiple case reports and small case studies, coeliac 
disease has been described as a cause of recurrent acute 
pancreatitis and often responds to a gluten-free diet.134,136 
The aetiology of recurrent acute pancreatitis in these 
individuals seems to be related to inflammation of the 
duodenum resulting in partial or transient sphincter of 
Oddi obstruction, which can be resolved by a sphincter-
otomy.134 Beyond acute pancreatitis, chronic pancreatitis 
is more common in individuals with coeliac disease,135 
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although aetiology and clinical relevance of this associa-
tion remain unclear. Pancreatic exocrine insufficiency has 
been recognized by clinicians as a potential cause of non-
responsive coeliac disease in multiple studies.137,138 This 
insufficiency seems to be related to the intestinal para–
endocrine function, as faecal elastase levels are decreased 
in patients with villous atrophy.138 The prevalence of clini-
cally relevant pancreatic exocrine insufficiency in patients 
with coeliac disease is unknown, but measurements of 
faecal elastase levels should be considered in any patient 
with chronic diarrhoea, after active coeliac disease and 
microscopic colitis have been excluded.60

Reproductive health
The effect of coeliac disease on reproductive health is 
both diverse and controversial. Studies suggest that anti-
TG2 antibodies can directly interact with the placenta, 
inhibiting placental function and nutrient transfer.14,139 
This effect was perhaps best studied in individuals 
with IBD, in which chronic inflammation is associ-
ated with poor pregnancy outcomes.140 Moreover, even 
subtle nutritional deficiencies can have considerable 
adverse effects on fertility and pregnancy.131 Although 
the overall contribution of coeliac disease to reproduc-
tive complications is unclear, investigators suggest that 
women with coeliac disease might have an increased risk 
of  miscarriage (with an OR of up to 1.39).4

Oral cavity
The main oral manifestations of coeliac disease include 
aphthous ulcers (Figure 4a), which are seen in many 
inflammatory gastrointestinal disorders, and dental 

enamel defects.141,142,132 Aphthous ulcers are often present 
in the setting of active coeliac disease and might be severe, 
but generally improve with adoption of the gluten-free 
diet.143 Defects in dental enamel occur when coeliac 
disease affects children during dental development; gen-
erally before they are 7 years of age (Figure 4b).141 The 
aetiology is probably multifactorial owing to immune-
mediated damage and nutritional disturbances.143 Dental 
enamel defects might be the only clinical manifestation of 
coeliac disease and therefore should, in an ideal scenario, 
prompt coeliac disease testing.

Conclusions
The modern definition of coeliac disease was given in 
1888 by Samule Gee:144 “There is a kind of chronic indi-
gestion which is met with in persons of all ages […] Signs 
of the disease are yielded by the fæces; being loose […] 
pale in colour, as if devoid of bile; yeasty, frothy, an appear-
ance probably due to fermentation; […] the food having 
undergone putrefaction rather than concoction […] if the 
patient can be cured at all, it must be by means of diet”. 
This definition outlines malabsorption and gastrointesti-
nal symptoms as the main clinical presentation of coeliac 
disease. However, coeliac disease is clearly a systemic dis-
order that does not spare any tissue or organ in the body. 
The pathogenesis of extraintestinal symptoms can some-
times be explained by malabsorption secondary to the 
enteropathy that characterized the disease (for example, 
anaemia), whereas other symptoms (including those 
involving the skin, brain and musculoskeletal system) can 
be traced to immune reactions typical for autoimmune 
processes in coeliac disease. Gaining more insights into the 
mechanisms that control these symptoms might be instru-
mental for the prevention of future complications and to 
further elucidate the processes involved in autoimmune 
diseases for which no treatment is currently available.
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Figure 4 | Oral defects as a manifestation of coeliac disease. a | Aphthous ulcers 
might represent the only visible clinical manifestation of the disease. b | Dental 
enamel defects on permanent teeth are typically symmetric.
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