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gluten related disorders

a group of autoimmune diseases triggered by eating gluten:
coeliac disease, dermatitis herpetiformis,
gluten sensitivity-related neurological disorders

the term gluten sensitivity when used in the neurology cohort,
refers to patients (with and without enteropathy) who are
serologically positive for one or more of the gluten-related
antibodies and present or develop neurological dysfunction 



the start of the journey…



gluten sensitivity is common in patients 
with unexplained neurological 

dysfunction

the frequency of antigliadin antibodies amongst
patients with neurological dysfunction of unknown
cause was 57% compared to 12% in blood donors

the frequency of coeliac disease within the same
group was at least 16% vs 1% in healthy population



gluten sensitivity without coeliac 
disease

72% of the neurology patients with positive 
antigliadin antibodies did not have 
enteropathy

yet they improved on gluten free diet

thus introducing the concept of gluten related 
neurological dysfunction without enteropathy



diagnostic problems with serological 
screening

tissue transglutaminase (TGG) and endomysium (EMA) 
antibodies are specific to CD (these are most commonly 
available in immunology laboratories)

only 1/3 of patients with gluten related neurological 
dysfunction have CD so these antibodies alone will miss 
the majority of patients with potentially treatable 
neurological deficits

antigliadin antibodies (AGA) are sensitive to the whole 
spectrum of gluten sensitivity but are no longer readily 
available in immunology laboratories



the spectrum of neurological involvement

1831 patients seen in the Sheffield Gluten Sensitivity-
Neurology Clinic, all positive for one or more gluten-
sensitivity related antibodies (1994 – November 2023)

no (of total) enteropathy
ataxia 1202 (62%) 48%
peripheral neuropathy 462 (24%) 34%
encephalopathy 269 (14%) 70%

less common manifestations include: myoclonic ataxia
(24), SPS (26), myopathy (26), myelopathy (19),
neuromyotonia (8)



gluten ataxia
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causes of ataxia in 3000 patients with progressive ataxia

1. Gluten Ataxia

2. genetic confirmation and/or family
history
3. alcohol

4. idiopathic sporadic

5. MSA-C

6. PACA

7. anti-GAD

8. paraneoplastic

9. phenytoin-induced

10. myoclonic ataxia

11. PSP

12. cerebellitis

13. siderosis

14. other





the commonest pitfall in the 
diagnosis of gluten ataxia: 

incomplete serological testing



lab results



second commonest pitfall in patients 
with known CD who develop 

neurological dysfunction







dietary treatment of gluten 
ataxia

improvement of the ataxia within a year of
strict gluten-free diet even in those
patients without enteropathy (NCGS)
based on 43 patients

(Hadjivassiliou et al J Neurol Neurosurg
Psychiatry 2003;74(9):1221-1224)



the importance of early diagnosis 
and treatment
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how do we monitor patients with 
gluten ataxia



MR spectroscopy: a more dynamic 
assessment of cerebellar function





overall effect of GFD on MRS in 
patients with GA with enteropathy
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overall effect of GFD on MRS in 
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additional treatments

if despite a strict gluten free diet with 
elimination of antibodies there is evidence of 
progression, firstly review the diagnosis and if 
still GA consider immunosuppression 
(mycophenolate, rituximab)

others (Japan/Germany) have used IVIgs to good 
effect



rapidly progressive GA

CASE REPORT Open Access

Recognition and management of rapid-
onset gluten ataxias: case series
Laurence Newrick1, Nigel Hoggard2 and Marios Hadjivassiliou1*

Abstract

Background: Most immune-mediated cerebellar ataxias, including those associated with gluten sensitivity (Gluten
Ataxia), tend to present subacutely and usually progress gradually. Acute presentations with rapid progression
outside the context of paraneoplastic cerebellar degeneration require prompt diagnosis and early access to disease-
modifying immunotherapy in order to avert severe and permanent neurological disability.

Case presentations: We describe three cases of rapid-onset Gluten Ataxia, an immune-mediated cerebellar ataxia
due to gluten sensitivity. We detail their presentation, clinical and neuroimaging findings, and our treatment
strategy with immunotherapy.

Conclusions: Our cases highlight the potential for immune-mediated cerebellar ataxias to present acutely, with
rapid-onset symptoms and devastating neurological consequences. We caution against the diagnosis of ‘post-
infective cerebellitis’ in adults, and advocate early consideration of an immune-mediated cerebellar ataxia and
initiation of immunotherapy to prevent irreversible cerebellar damage.

Keywords: Ataxia, Cerebellar ataxia, Gluten Ataxia, Gluten sensitivity, Immune-mediated cerebellar ataxias,
Cerebellitis

Introduction
Immune-mediated cerebellar ataxias (IMCAs) are a het-
erogeneous group of disorders characterised by subacute
onset, prominence of a ‘midline’ cerebellar syndrome
with vermian involvement on imaging, and evidence of
organ-specific autoimmunity with frequent co-
occurrence of other autoimmune diseases [1–3]. Symp-
toms tend to manifest in middle-age, with an insidious
onset and gradual progression [1]. Rarely neurological
deterioration can be rapid and devastating, mimicking
acute ‘post-infective’ cerebellitis or paraneoplastic cere-
bellar degeneration [3, 4]. Clinical features overlapping
with hyperexcitability disorders in the stiff person
syndrome-spectrum appear to be more common in ‘ful-
minant’ IMCA presentations [3]. In these acute cases,

the diagnosis may be delayed by lack of awareness, early
clinical overlap with the more benign ‘post-infective’ cer-
ebellitis, and poor access to specialist ataxia centres with
advanced neuroimaging techniques sensitive to early ver-
mis dysfunction (prior to the development of atrophy)
[5]. Anecdotally, our experience is that many adult onset
‘post-infective’ cerebellitis diagnoses are speculative, and
are more likely to represent an acute presentation of an
IMCA, with ultimate progression and neurological se-
quela [6]. Evidence supporting the potential of disease-
modifying immunotherapy underlines the importance of
early identification to prevent irreversible neurological
disability [5, 7–9]. We describe three cases of rapid-
onset Gluten Ataxia (GA), a form of IMCA due to glu-
ten sensitivity. The cases highlight the potential for an
aggressive natural history and supporting an equally ag-
gressive approach with early immunotherapy to prevent
permanent disability.

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.
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myoclonic ataxia: the gluten 
CNS hyperexcitability spectrum;

beware of refractory CD





gluten neuropathy

sensorimotor length dependent axonal (75%)
sensory ganglionopathy
small fibre neuropathy



clinical characteristics

mean age at symptom onset 56 years
mean age at diagnosis 60 years
78% could walk independently al last FU



gluten neuropathy: prevalence

accounts for 26% of all neuropathies

neuropathy was found in 21% of patients with
coeliac disease on gluten-free diet

coeliac disease was associated with a 2.5-fold
increased risk of neuropathy (Thawani et al,
JAMA Neurol 2015)



effect of gluten-free diet

neurophysiological evidence of improvement of
the neuropathy within a year of adherence to a
strict gluten-free diet

irrespective of the presence of enteropathy 

(Hadjivassiliou et al, Muscle and Nerve 2006;34:762-66)



gluten neuropathy and pain

pain is prevalent in gluten neuropathy (55%) and 
is associated with poorer mental health status

strict GFD with elimination of all antibodies was 
associated with significant reduction of the odds 
for neuropathic pain
(Zis et al, 2018 Journal of Neurology)



gluten encephalopathy

episodic often severe and intractable headaches
migraine like
white matter abnormalities on MRI
headache improves on gluten-free diet
cognitive slowing (foggy brain)
slow speed of processing
can significantly interfere with work and everyday
life





contribution to vascular dementia?

risk of dementia in patients with coeliac disease: 
a population-based study
(Lebwohl et al. J Alzheimers DIS 2016;49:179-85)

“patients with CD are not at increased risk of 
dementia overall but subgroup analysis suggests 
that they may be at increased risk of vascular 
dementia”



cognition in CD 

Cognitive Deficit and White Matter Changes in Persons With
Celiac Disease: A Population-Based Study
Iain D. Croall,1,4 David S. Sanders,2 Marios Hadjivassiliou,3 and Nigel Hoggard1,4
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See editorial on page 2043.

BACKGROUND & AIMS: There is debate over the presence and
prevalence of brain injury in patients with celiac disease. To
validate previous reports, we investigated the prevalence of
neuropsychological dysfunction in persons with celiac disease
included in the National UK Biobank, which contains experi-
mental medical data from 500,000 adults in the United
Kingdom. METHODS: Biobank participants with celiac disease
(n ¼ 104; mean age, 63 years; 65% female) were matched with
healthy individuals (controls, n ¼ 198; mean age, 63 years;
67% female) for age, sex, level of education, body mass index,
and diagnosis of hypertension. All participants were otherwise
healthy. We compared scores from 5 cognitive tests and multiple
choice responses to 6 questions about mental health between
groups using the t test and chi-squared analyses. Groupwise
analyses of magnetic resonance imaging brain data included a
study of diffusion tensor imaging metrics (mean diffusivity,
fractional anisotropy, radial diffusivity, axial diffusivity), voxel-
based morphometry, and Mann-Whitney U comparisons of
Fazekas grades. RESULTS: Compared with control individuals,
participants with celiac disease had significant deficits in re-
action time (P ¼ .004), and significantly higher proportions
had indications of anxiety (P ¼ .025), depression (P ¼ .015),
thoughts of self-harm (P ¼ .025), and health-related unhap-
piness (P ¼ .010). Tract-based spatial statistics analysis
showed significantly increased axial diffusivity in widespread
locations, demonstrating white matter changes in the brains of
participants with celiac disease. Voxel-based morphometry and
Fazekas grade analyses did not differ significantly between
groups. CONCLUSIONS: In an analysis of data from the UK Bio-
bank, we found participants with celiac disease to have cognitive
deficit, indications of worsened mental health, and white matter
changes, based on analyses of brain images. These findings
support the concept that celiac disease is associated with
neurologic and psychological features.

Keywords: TBSS; VBM; Nervous System; Gut-Brain Interactions.

Celiac disease is an autoimmune condition triggered
by eating foods containing gluten. Celiac disease af-

fects approximately 1%1 of the population, and its gastro-
intestinal pathophysiology and phenotype are now well
characterized for the clinical setting.2 A strict gluten-free

diet (GFD) is the only effective treatment for the condi-
tion, and this leads to a complete resolution of intestinal
damage and discomfort.3 However, celiac disease also in-
volves a number of nonintestinal functions, and those that
affect the brain are of particular interest.

In one article, patients with referrals to neurology spe-
cialists were found to have brain atrophy in the cerebellum
and a number of cerebral areas,4 as well as indications of
white matter damage. Another reported that approximately
half of patients newly diagnosed with celiac disease without
any neurologic history had symptoms concerning balance
and sensation accompanied by abnormal cerebellar mag-
netic resonance spectroscopy readings.5 Cerebellar/
thalamic degeneration was also found in those with a
gluten-related antibody expressed in the brain (trans-
glutaminase 6 [TG6]6,7). Cognitive deficits were reported in
a cohort of elderly patients with celiac disease compared
with control individuals,8 although the study had a small
sample size (N ¼ 18). Finally, other studies have found
worsened mental health in celiac disease, particularly where
related to depression and anxiety.9

However, a recent review showed that many articles also
find strikingly different prevalence estimates of neurologic
symptoms in celiac disease, sometimes at 0%.10 As well as
being sometimes limited by study power and generaliz-
ability, the reports that do show significant findings often
come from specialized centers with an interest in the topic,
which raises concerns about positive ascertainment and
referral bias. Conversely, because patients with celiac dis-
ease are primarily cared for via gastroenterology, neurologic
symptoms may be underestimated and untreated. Valida-
tion of previous findings in a well-powered, independent
cohort where data collection has been out of the control of
the study team is therefore highly desirable.

Abbreviations used in this paper: DTI, diffusion tensor imaging; FLAIR,
fluid attenuated inversion recovery; FMRIB, functional magnetic reso-
nance imaging of the brain; FSL, FMRIB software library; HES, hospital
episode statistics; GFD, gluten-free diet; GM, grey matter; MPRAGE,
magnetization-prepared rapid gradient-echo; MRI, magnetic resonance
imaging; SPACE, Sampling Perfection with Application optimized Con-
trasts using different flip angle Evolution; SR, self-reported; TI, inversion
time.
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CD and headaches

risk of headache in patients with Celiac disease: 
a population-based study

significant association between CD and 
headache HR 1.66;95%CI 1.56-1.77;p<0.0001

also true for patients with normal mucosa but 
positive serology



is neurological involvement in classic 
CD presentation rare?

a 3 year prospective study 

100 newly diagnosed CD patients 
underwent neurological examination 
followed by brain imaging



prospective CD study results

61% had neurological symptoms 
(42% headache, 24% balance, 12% sensory)

on clinical examination
(29% had evidence of gait instability, 11% had 
nystagmus and 5% sensory signs)

in total 67/100 patients had neurological 
symptoms and/or signs



brain imaging in newly 
diagnosed patients with CD

46% had abnormal MR spectroscopy of 
the cerebellum

white matter lesions over and above what 
is expected for age was 19% (3% in 
healthy controls)



FU study 7 years later

prevalence of headaches dropped from 47% to 
20%

patients with co-ordination problems at baseline 
reported improvement 

some patients reported new onset of co-
ordination difficulties, ALL of which had positive 
serology at FU



FU study imaging and the 
importance of monitoring

greater rate of cerebellar grey matter atrophy in 
the antibody positive vs antibody negative group
concluding that:
patients with classic CD who do not adhere to a 
strict GFD and are serological positive are at risk 
of developing ataxia



why such diverse manifestations?
pathophysiology



the transglutaminase story
transglutaminases are enzymes found in humans
and other species, involved in tissue repair
they break down gluten into immunogenic peptides
BUT 
inadvertently initiate an immune response that
causes self harm (autoimmunity) to those who are
GS
TG2 (tissue transglutaminase) was found to be the
autoantigen in CD (1997)
TG3 (epidermal transglutaminase) was found to be
the autoantigen in dermatitis herpetiformis (2002)



TG6, primarily expressed in brain
(presented at ICDS in Paris 2002 by Daniel Aeschlimann)



Autoantibodies in Gluten Ataxia Recognize a
Novel Neuronal Transglutaminase

Marios Hadjivassiliou, MD,1 Pascale Aeschlimann, BSc,2 Alexander Strigun, MSc,2 David S. Sanders, MD,3

Nicola Woodroofe, PhD,4 and Daniel Aeschlimann, PhD2

Objective: Gluten sensitivity typically presents as celiac disease, a chronic, autoimmune-mediated, small-intestinal disorder.
Neurological disorders occur with a frequency of up to 10% in these patients. However, neurological dysfunction can also be the
sole presenting feature of gluten sensitivity. Development of autoimmunity directed toward different members of the transglu-
taminase gene family could offer an explanation for the diversity in manifestations of gluten sensitivity. We have identified a
novel neuronal transglutaminase isozyme and investigated whether this enzyme is the target of the immune response in patients
with neurological dysfunction.
Methods: Using recombinant human transglutaminases, we developed enzyme-linked immunosorbent assays and inhibition
assays to analyze serum samples of patients with gluten-sensitive gastrointestinal and neurological disorders, and various control
groups including unrelated inherited or immune conditions for the presence and specificity of autoantibodies.
Results: Whereas the development of anti-transglutaminase 2 IgA is linked with gastrointestinal disease, an anti-transglutaminase
6 IgG and IgA response is prevalent in gluten ataxia, independent of intestinal involvement. Such antibodies are absent in ataxia
of defined genetic origin or in healthy individuals. Inhibition studies showed that in those patients with ataxia and enteropathy,
separate antibody populations react with the two different transglutaminase isozymes. Furthermore, postmortem analysis of brain
tissue showed cerebellar IgA deposits that contained transglutaminase 6.
Interpretation: Antibodies against transglutaminase 6 can serve as a marker in addition to human leukocyte antigen type and
detection of anti-gliadin and anti-transglutaminase 2 antibodies to identify a subgroup of patients with gluten sensitivity who
may be at risk for development of neurological disease.

Ann Neurol 2008;64:332–343

Celiac disease (CD) is a common T-cell–mediated au-
toimmune disorder characterized by its linkage to spe-
cific human leukocyte antigen (HLA) alleles: HLA-
DQ2 and -DQ8. In susceptible individuals,
consumption of gluten triggers a CD4! T-cell re-
sponse to gliadin, as well as a B-cell response to gliadin
and self-antigens.1 Transglutaminase 2 (TG2) is the
autoantigen recognized in the endomysium of the gut
by sera from patients with CD.2 TG2-specific antibod-
ies are almost exclusively found in CD, are character-
istic of untreated clinically symptomatic, as well as la-
tent disease, and hence have become accepted as an
excellent diagnostic indicator of CD.

TG2 is one of a family of enzymes that covalently
cross-link or modify proteins by formation of an
isopeptide bond between a peptide-bound glutamine
residue and a primary amine, most commonly a lysine
residue either within the same or a neighboring

polypeptide chain.3 However, in some instances, TG2
may react with H2O in preference over an amine, lead-
ing to the deamidation of glutamine residues.4 The bi-
ological significance of this latter activity has only re-
cently been established in connection with CD: gliadin
proteins, the immunological trigger of gluten sensitiv-
ity, are glutamine-rich donor substrates amenable to
deamidation.5 Therefore, TG2 apparently contributes
to disease development in at least two ways: first, by
deamidating gluten peptides, thereby increasing their
reactivity with HLA-DQ2/DQ8, which potentiates the
T-cell response6,7; and second, by haptenization of self-
antigens through cross-linking with gliadins.8,9 The ab-
sence of intestinal T-cell responses to gluten in the ma-
jority of individuals carrying HLA-DQ2/DQ8 and the
preferential T-cell responses to deamidated gluten frag-
ments in patients with CD indicates that there is tol-
erance to unmodified gluten peptides. Therefore, acti-
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the significance of TG6 antibodies



our experience with TG6 
antibodies

CD (adult classical UK) 40%
CD (adult classical Finland) 14% 
DH (Finland) 44%
CD (paediatric classical, Italy) 25%
gluten ataxia (with/without CD) 96%
many patients with idiopathic ataxia are only 
positive for TG6



TG6 ataxia
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the neurology of gluten sensitivity  iceberg
classical coeliac 

disease with additional 
neurological symptoms 

coeliac disease 
presenting just 

with neurological 
symptoms

gluten sensitivity 
without CD 

presenting with 
neurological 
symptoms




