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Abstract

Gluten ataxia is an immune-mediated disease triggered by the ingestion of gluten in genetically susceptible individuals. It
should be considered in the differential diagnosis of all patients with idiopathic sporadic ataxia. Early diagnosis and
treatment with a gluten free diet can improve ataxia and prevent its progression. Readily available and sensitive markers of
gluten ataxia include antigliadin antibodies. IgA deposits against TG2 in the small bowel and at extraintestinal sites are
proving to be additional reliable and perhaps more specific markers of the whole spectrum of gluten sensitivity. They may

also hold the key to its pathogenesis.
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Introduction

It is now widely accepted that gluten sensitivity is a
systemic illness with diverse manifestations. Such
manifestations can occur independent of the pre-
sence or not of the classic small bowel lesion that
defines celiac disease (CD), also known as gluten
sensitive enteropathy (triad of villous atrophy, crypt
hyperplasia and increased intraepithelial lympho-
cytes). Cerebellar involvement in the context of
gluten sensitivity, also known as gluten ataxia (GA),
is one of such extraintestinal manifestations that
have only been recognized in the last decade (1,2).
Some still consider this entity controversial (3,4).
Currently GA is defined as sporadic cerebellar ataxia
associated with the presence of circulating antiglia-
din antbodies, in the absence of an alternative
aetiology for ataxia. This review aims to bring the
reader up to date on recent developments in under-
standing gluten ataxia as a disease entity.

Prevalence and definition

Gluten ataxia is probably one of the commonest
causes of idiopathic sporadic ataxia. A number of
studies looking at the prevalence of antigliadin
antibodies in patients with ataxia have been pub-
lished and are summarized in Table I. The common
finding in all of these studies is the consistently high

prevalence of these antibodies in sporadic ataxias
when compared to healthy controls. Some have
found a high prevalence of these antibodies in
patients with genetically determined ataxias and in
patients with Huntington’s disease (3-5). This
finding, if confirmed by larger studies, should not
necessarily challenge the existence of gluten ataxia as
a disease entity, but rather should stimulate interest
on the possible mechanism by which a genetically
determined ataxia or other neurodegenerative pro-
cess can result in the generation of antibodies against
gluten. Understanding the correct use of antigliadin
antibody assays, requires knowledge of the definition
of gluten sensitivity and its relationship to CD.
Gluten sensitivity represents a spectrum within
which CD is a part. Most antigliadin assay Kkits are
marketed with their sensitivity and specificity
defined and optimized for gluten enteropathy.
Given that the extraintestinal manifestations of glu-
ten sensitivity can exist in the absence of an enter-
opathy, the sensitivity and specificity of antigliadin
antibody assays must be redefined for each manifes-
tation. This factor may well partly explain the
variation in the prevalence of antigliadin antibodies
in sporadic ataxias reported in different studies.
The prevalence of antigliadin antibodies in the
‘healthy’ population varies from 5 to 12%, depend-
ing on the assay used as well as the local prevalence
of CD. The prevalence of CD in most European
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Table I. List of studies looking at the prevalence of antigliadin antibodies in patients with ataxia and controls (studies with no control

groups are not included).

Sporadic ataxia

Familial ataxia Normal controls

Hadjivassiliou et al. 90/221 (41%)

UK (2)

Pellecchia et al. 3/24 (13%)
Italy (24)

Burk et al. 12/104 (11.5%)

Germany (25)
Bushara et al.
USA (5)

Abele et al.
Germany (26)
Luostarinen et al.
Finland (27)
Thara et al.

Japan (28)

7/26 (27%)
13/98 (13%)
8/44 (17%)

5/14 (36%)

12/78 (15%) 149/1200(12%)
0/23 (0%) ?
? (5%)
9/24 (37%) ?
1/15 (6%) (5%)
? 2%)
1/27(4%) 1/47(2%)

countries is at least 1% (6). Geographic variations in
the prevalence of CD between European countries,
however, do exist and this may be another factor
contributing to the variation in the prevalence of
antigliadin antibodies in sporadic ataxia between
different countries. We do not know what propor-
tion of the remaining ‘healthy’ 4-11% of individuals
with positive antigliadin antibodies without entero-
pathy has occult gluten sensitivity. The HLLA class II
type DQ2 (found in 90% of patients with CD) is
overrepresented in individuals with circulating anti-
gliadin antibodies and normal small bowel biopsy
(2). Such antigliadin positivity cannot therefore sim-
ply be dismissed as an epiphenomenon. Antigliadin
antibodies are allied with the HLLA genotype asso-
ciated with CD and may well signify gluten sensitivity
without overt clinical evidence of end organ involve-
ment. As antigliadin antibodies are present in up to
12% of the ‘healthy’ population it is possible that in a
subgroup of patients with idiopathic sporadic ataxia
who fulfil the criteria for gluten ataxia using the
proposed definition, the ataxia is coincidental rather
than causally linked to gluten sensitivity.

The argument by some, that antigliadin antibodies
cannot be used as a marker of gluten ataxia because
of their high prevalence in the ‘healthy’ population
should be challenged. An analogous argument can
be had for rheumatoid factor and its use in the
diagnosis of rheumatoid arthritis. Despite the fact
that rheumatoid factor has a high prevalence in the
healthy population, it’s use in the appropriate
clinical scenario (i.e., the presence of inflammatory
arthropathy) is universally accepted as valuable in
diagnosing rheumatoid arthritis. Until a more speci-
fic marker becomes available, antigliadin antibodies
remain the most sensitive marker for GA in those
patients with otherwise idiopathic sporadic ataxia.

Clinical features

There are no unique features that distinguish GA
from other types of ataxia. The following clinical

characteristics are based on more than 147 patients
diagnosed and followed up over the last 12 years.
GA is characterized by insidious onset of predomi-
nantly gait ataxia, often associated with symptoms
and signs suggestive of peripheral neuropathy. The
mean age at onset is 53 years. It affects both sexes
equally. Rarely GA presents with a rapidly progres-
sive ataxia mimicking paraneoplastic cerebellar
degeneration. Evidence of limb ataxia is seen in up
to 90% of patients with lower limbs more often
affected than upper limbs. Gaze-evoked nystagmus
and other ocular signs of cerebellar dysfunction are
seen in up to 80% of cases. The lack of autonomic
dysfunction distinguishes these patients from
patients with cerebellar variant of multiple system
atrophy. Indeed, the prevalence of antigliadin anti-
bodies in patients with clinically probable MSA-C
was 5/35 (14%) which is no different to that found in
the healthy population. Patients with clinically
probable MSA-C and positive antigliadin antibodies
do not respond to a gluten free diet. Additional
movement disorders encountered in gluten ataxia
include myoclonus, chorea, palatal tremor and
opsoclonus myoclonus (7,8). These additional fea-
tures however are rare. Up to 60% of patients have
neurophysiological evidence of a sensorimotor axo-
nal neuropathy. As with coeliac disease, patients
with GA are often found to have an increased pre-
valence of additional autoimmune diseases the com-
monest of which include hypothyroidism (patients
with GA frequently have thyroid antibodies even if
they are biochemically euthyroid), type 1 diabetes
mellitus and pernicious anaemia. Vitamin E defi-
ciency is rare (only seen in 2 patients from a cohort
of 147 patients with GA). Gastrointestinal symp-
toms are seldom seen and are not a reliable indicator
of the presence or absence of enteropathy. In this
respect, gluten ataxia resembles dermatitis herpeti-
formis where gastrointestinal symptoms are not
prominent despite the presence of an enteropathy.
Small bowel biopsy in patients with GA reveals
evidence of enteropathy in just under a third. By
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definition all patients will have positive IgG and/or
IgA antigliadin antibodies. Antiendomysium anti-
bodies are present in only 22% of patients. These
antibodies have high specificity for the presence of
enteropathy but lack sensitivity for the whole
spectrum of gluten sensitivity. Tissue transglutami-
nase antibodies are positive in up to 56% of patients
with GA, often at lower titres than those seen in
patients with coeliac disease. Therefore endomysium
and tissue transglutaminase antibodies cannot be
used in isolation to diagnose GA. The HLA type
DQ2 is seen in 70% of these patients (seen in 90% of
patients with coeliac disease) with the remaining
30% having the HLA DQ8 (10%) and HLA DQ1
(20%). HLLA DQ1 has not been reported in patients
with CD but may represent an additional HLA
susceptibility genotype associated with the neurolo-
gical manifestations. Table II summarizes the clin-
ical and immunological characteristics of 147
patients with gluten ataxia.

Imaging

Up to 60% of patients with gluten ataxia have
evidence of cerebellar atrophy on MR imaging.
Some patients will, in addition, have evidence of
white matter abnormalities which are often extensive
and confluent. Such abnormalities have been
described in a subgroup of patients with or without
gluten ataxia who also have episodic severe head-
aches often with focal transient neurological dys-
function mimicking severe migraine with aura (9).
The headaches resolve with the introduction of a
gluten-free diet. Even in those patients with gluten
ataxia who have no evidence of cerebellar atrophy on
MRI, proton MR spectroscopy of the cerebellum
reveals abnormalities supporting the hypothesis
that cerebellar neuronal physiology is abnormal.
Investigation of the metabolic status of the cerebel-
lum in 15 patients with gluten ataxia and 10 controls
using proton MR spectroscopy demonstrated sig-
nificant differences in mean N-acetyl aspartate levels
at short echo-time and N-acetyl aspartate/choline

Table II. Clinical and immunological characteristics of 147
patients with gluten ataxia.

Male:female ratio 1:1

Mean age at onset of ataxia 53

Ocular signs 80%
Upper limb ataxia 70%
Lower limb ataxia 90%
Gait ataxia 100%
Peripheral neuropathy 60%
Enteropathy on biopsy 28%
Antigliadin antibody positive 100%
Anti-endomysium antibody positive 22%
Transglutaminase antibody positive 56%
HLA DQ2 70%
Presence of oligoclonal bands 50%

ratios at long echo-time between patients with gluten
ataxia and healthy controls (10).

Pathophysiology

There is strong evidence to suggest that the damage
to the nervous system is immune-mediated. Post
mortem examination from patients with gluten
ataxia revealed patchy loss of Purkinje cells through-
out the cerebellar cortex. The cerebellar white
matter showed astrocytic gliosis, vacuolation of the
neuropil and a diffuse infiltrate mainly of T-
lymphocytes. Marked perivascular cuffing with
inflammatory cells, mainly T-lymphocytes, with
smaller numbers of B-lymphocytes and macro-
phages, was present within the cerebellar white
matter and the posterior columns of the spinal cord.
Purkinje cells were lost. The peripheral nervous
system showed sparse lymphocytic infiltrate (1).
Similar findings have been described in patients with
established coeliac disease who then developed
ataxia (11).

Experimental evidence suggests that there is anti-
body cross-reactivity between antigenic epitopes on
Purkinje cells and gluten peptides. Serum from
patients with GA and from patients with coeliac
disease but no neurological symptoms, demonstrate
cross-reactivity with epitopes on Purkinje cells using
both human and rat cerebellum (12). This finding
could also explain why some patients with geneti-
cally determined ataxia may have circulating anti-
gliadin antibodies: Antibodies against proteins from
degenerating Purkinje cells formed as an epipheno-
menon, may recognize and cross-react with gliadin
peptides within the gut circulation and, through a
process of epitope spreading, generate antigliadin
antibodies (13). In the sera of patients with gluten
ataxia there is evidence of additional antibodies
targeting Purkinje cell epitopes. This is shown by the
failure to eliminate reactivity with Purkinje cells by
removal of antigliadin antibodies from sera of
patients with gluten ataxia (12). Determination of
the cerebellar antigen targeted by these additional
circulating antibodies in patients with GA may help
in identifying a more specific marker for GA.

Treatment

The benefits of a gluten-free diet in the treatment of
patients with coeliac disease and dermatitis herpeti-
formis have long been established. There are very
few studies, mainly case reports, of the effect of
gluten-free diet on the neurological manifestations of
gluten sensitivity (14-17). All but one of these
reports primarily concern patients with established
coeliac disease who then develop neurological
symptoms. In the majority of these case reports,
adherence to the gluten-free diet is assumed or



assessed by improvement of gastrointestinal symp-
toms. Such an approach is inadequate if partial
adherence to the diet is insufficient for neurological
improvement to occur. The best marker of strict
adherence to a gluten-free diet is serological evi-
dence of elimination of circulating antigliadin anti-
bodies. A small, uncontrolled study looked at the use
of intravenous immunoglobulins in the treatment of
4 patients with gluten ataxia without enteropathy
(18). All four patients improved. Dietary interven-
tion, however, was not mentioned as having been
considered and used prior to the use of immuno-
modulatory therapy. All of these case reports and
small studies suggest variable but overall favourable
response to gluten free diet.

Only one systematic study of the effect of gluten-
free diet on a cohort of patients presenting with
neurological dysfunction, with or without an entero-
pathy, has been published (19). Forty three patients
with gluten ataxia were enrolled. Twenty six patients
adhered strictly to the gluten-free diet and had
serological evidence of elimination of the antigliadin
antibodies. These patients comprised the treatment
group. Fourteen patients refused the diet and
comprised the control group. Patient and control
groups were matched at baseline for all evaluated
variables. There was no significant difference in the
baseline performance on ataxia tests between the
two groups. There was significant improvement in
performance in all the tests, and in the subjective
global clinical impression scale in the treatment
group when compared to the control group. The
significant improvement in all the tests when
comparing treatment and control groups was appar-
ent even after excluding patients with an entero-
pathy. The study concluded that gluten-free diet
appeared to be an effective treatment for gluten
ataxia. It was suggested, however that close mon-
itoring should be undertaken using regular antiglia-
din antibody estimation and dietetic review to ensure
strict adherence to the gluten-free diet.

Treatment with immunosuppressants and intra-
venous immunoglobulins could be considered if
strict gluten-free diet (with elimination of the
antibodies) has not resulted in any improvement of
the ataxia after a year or if the ataxia is rapidly
progressive. In patients where the dietetic review
suggests strict adherence to a gluten free diet but
serological testing still shows positive antigliadin
antibodies, wheat free diet should be considered
first before embarking on immunosuppressive treat-
ment. This is because gluten free products con-
tain small amounts of gluten which, in cases of
extreme sensitivity, may be enough to perpetuate
the immune process, resulting in tissue damage.
Additional immunosuppressive treatments used by
the authors in cases of ‘resistant’ neurological cases
include intravenous immunoglobulins, ciclosporin,
cyclophosphamide and mycophenolate. Such cases
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however are rare and by far the commonest cause of
lack of response relates to poor adherence to gluten
free diet. In patients with evidence of cerebellar
atrophy on MRI the dietary intervention may some-
times prevent deterioration and stabilize the condi-
tion with only minor improvements of the ataxia.

Recent advances

Recent work suggests that even in those patients
with gluten sensitivity (based on serological markers)
and normal bowel mucosa, there is evidence of
antibodies targeting tissue transglutaminase (the
auto-antigen responsible for CD) not only in the
small bowel mucosa but at extraintestinal sites as
well (20,21). Based on this observation, jejunal
biopsy samples from nine patients with gluten ataxia
and seven patients with other causes of ataxia were
evaluated for the presence of tissue transglutami-
nase-related immunoglobulin deposits using double
colour immunofluorescence. Autopsy brain tissue
from one patient with gluten ataxia and one
neurologically intact brain were also studied. IgA
deposition on jejunal tissue transglutaminase was
found in the jejunal tissue of all patients with GA
and in none of the controls. The intestinal IgA
deposition pattern was similar to that seen in
patients with overt and latent coeliac disease and in
those with dermatitis herpetiformis. Widespread IgA
deposition around vessels was found in the brain of
the patient with gluten ataxia but not the control
brain. The deposition was most pronounced in the
cerebellum, pons and medulla (22). This work has
thus demonstrated that anti-tissue transglutaminase
IgA antibodies are present in the gut and brain of
patients with gluten ataxia, with or without an
enteropathy, in a similar fashion to patients with
CD and patients with dermatitis herpetiformis, but
not in ataxia control subjects. This finding strength-
ens the contention that GA is immune-mediated and
belongs to the same spectrum of gluten sensitivity as
CD and dermatitis herpetiformis. It also suggests
that transglutaminases may play an important role in
the pathogenesis of the diverse manifestations seen
in gluten sensitivity.

Patients with dermatitis herpetiformis have anti-
bodies with low affinity for tissue transglutaminase
(T'G2) but very high affinity for epidermal transglu-
taminase (T'G3). This results in an immune
response and clinical manifestations in the skin, the
main site of epidermal transglutaminase production
(23). An analogous situation of an immune response
directed towards neural transglutaminases may
result in clinical manifestations primarily in the
brain or the peripheral nervous system with mini-
mal involvement of the gut, perhaps just deposi-
tion of autoantibodies against T'G. Identification of
specific brain transglutaminases may hold the key to
the neurological manifestations and facilitate the
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development of more specific markers for gluten
ataxia.
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