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Abstract Gluten ataxia (GA) has customarily been con-

sidered to be the main neurological manifestation of celiac

disease (CD). In recent years, the condition of non-celiac

gluten sensitivity (NCGS) has been defined, which includes

some patients who are not considered ‘‘true celiacs.’’ We

performed a comparative clinicopathological study of these

three entities. We studied 31 GA, 48 CD and 37 NCGS

patients, prospectively in the same center for a period of

7 years. The protocol study included two serological

determinations for gluten sensitivity [anti-gliadin IgA and

IgG (AGA) and anti-tissue transglutaminase IgA (TG)

antibodies], HLA-DQ2 typing, and duodenal histological

assessment. Demographics and investigative findings were

compared. Females were 55 % in GA, 75 % in CD

(p\ 0.001), and 47 % in NCGS (N.S.). GA patients were

older (59 ± 14 years) than CD (43 ± 13 years) and NCGS

(41 ± 8 years) groups (p\ 0.001). AGA positivity was

higher in GA (100 %) than in CD (48 %) groups

(p\ 0.001), but similar to NCGS patients (89 %; N.S.);

TG positivity was lower in GA (3.2 %) than in CD

(33.3 %; p\ 0.001), but similar to NCGS (2.7 %; N.S.).

DQ2 (?) was lower in GA (32.2 %) than in CD (89.6 %;

p\ 0.001), but similar to NCGS (29.7 %; N.S.). Lym-

phocytic enteritis (Marsh type 1) was lower in GA (9.6 %)

than in CD (66.7 %; p\ 0.001), but similar to NCGS

(10.8 %; N.S.). The other gluten sensitivity-related char-

acteristics measured were different to CD patients, but very

close to NCGS. We conclude that GA patients are better

classified within the NCGS group, than within CD.

Keywords Gluten ataxia � Non-celiac gluten sensitivity �
Celiac disease � Comparative study

Introduction

Gluten intolerance has a variety of clinical manifestations

that can occur irrespective of the presence or absence of the

classic small bowel lesions, characteristics of celiac disease

(CD). Gluten ataxia (GA) is one of a number of different

neurological manifestations attributed to CD and was

originally defined as otherwise idiopathic sporadic ataxia,

with positive serological markers for gluten sensitization.

Like CD, GA is considered to be an autoimmune disease

characterized by distinctive neurological features such as

other types of ataxia. Dermatitis herpetiformis, CD, and

GA are considered to be the three main types of gluten-

related autoimmune diseases [1].

Defining criteria for GA include otherwise idiopathic

sporadic ataxia in association with positive anti-gliadin

antibodies (AGAs), with or without enteropathy revealed

by duodenal biopsy. The finding most common to many

GA studies is the consistently greater prevalence of AGA
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positivity in sporadic ataxias than in healthy controls. AGA

(?) is present in an average of 40 % of GA patients, while

in the so-called healthy population it varies from 5 to 12 %,

depending on the assay used and the local prevalence of

CD [2–6].

The condition of non-celiac gluten sensitivity (NCGS)

relates to one or more of a variety of immunological,

morphological, and symptomatic manifestations precipi-

tated by the ingestion of gluten by people for whom CD has

been ruled out [7]. NCGS is a condition in which gluten

ingestion leads to morphological or symptomatic mani-

festations despite the absence of CD. It was first described

in the early 1980s, but over the past decade the amount of

patients diagnosed with NCGS and of publications on this

topic have increased considerably [8, 9]. However, it is still

not clear how to diagnose or manage the condition, and its

pathophysiological mechanisms remain unclear. Unlike

CD, NCGS may show signs of an activated innate immune

response but without the finding of small bowel lesions,

elevated levels of known serological markers of CD, and

the increased mucosal permeability that are characteristic

of CD. However, the patient response to a gluten-free diet

(GFD) is similar to that found in patients with CD [10–14].

In this paper, we describe a series of GA, with their

clinical characteristics all of them following a GFD.

Methods

Patients

We conducted a prospective observational study of a

consecutive series of 31 patients suffering from GA, based

on the original definition, i.e., presenting idiopathic cere-

bellar ataxia with positive anti-gliadin IgA and/or IgG

antibodies, irrespective of the positivity for tissue transg-

lutaminase antibodies (TG) and/or anti-endomysial anti-

bodies (EMA) [15].

A cohort of 48 CD patients who had been diagnosed

based on positive serologic testing (generally for IgA TG,

first) followed by an upper endoscopy with several duo-

denal biopsies for confirmation and a positive clinical

response to a strict gluten-free diet were followed up at

least along one year [16].

We included also a third group of 37 NCGS patients

according to international consensus diagnostic criteria,

which was defined as self-reported gluten intolerance, neg-

ative celiac serology and absence of villous atrophy [17].

This clinical study was performed in a tertiary urban

hospital in Northern Spain, serving an area with a popu-

lation of 250,000. Patients were consecutively enrolled

during a seven-year study period (January 2007–December

2013).

The positive criteria for the diagnosis of sporadic cere-

bellar ataxia included: (a) presence of progressive cere-

bellar ataxia with no symptomatic cause; (b) absence of a

family history of neurodegenerative disorder; and (c) neg-

ative genetic diagnosis for Friedrich’s ataxia and

spinocerebellar ataxias [2].

The exclusion criteria included: (a) clinical or magnetic

resonance imaging (MRI) features of multiple system

atrophy, progressive myoclonic ataxia, fragile-X-associ-

ated syndrome, or mitochondrial encephalomyopathy;

(b) exposure to alcohol or other toxins; (c) vitamin B12 or

vitamin E deficiency; and (d) evidence of HIV, syphilis,

prion disease, or Whipple disease [3].

All GA patients underwent at baseline a complete neu-

rological examination, including a broad neurophysiologi-

cal study, determination of the presence of oligoclonal

bands in the CSF, and an MRI brain scan with repeated

visits along the study period, including routine analytical

determinations and continuous clinical assessment every

6–12 months.

The gastrointestinal symptoms in these individuals were

mild to moderate in severity, featuring a chronic recurrent

pattern, ranging from flatulence to diarrhea or constipation,

and fluctuating abdominal pain.

The study was approved by the Research and Ethics

Committee of the HUCA, following the principles of the

modified Declaration of Helsinki.

All the patients accepted an invitation to participate on a

voluntary basis in a screening test for CD associated with

their GA diagnosis. They were referred to a gastroen-

terology outpatient clinic specializing in the study of dis-

ease of the small intestine, which was located in the same

hospital. All patients were evaluated by the same gas-

troenterologist and then underwent a series of analytical

assessments that included a battery of serological and

genetic markers, and an upper-GI endoscopy taking several

(4–6) duodenal biopsies for analysis.

Analytical studies

Anti-IgA and anti-IgG gliadin (AGA) and anti-IgA tissue

transglutaminase subtype 2 (TG) antibodies were measured

with an ELISA kit (Phadia Diagnostics, Uppsala, Sweden).

In these patients is better to use mainly the TG determi-

nation only.

Major histocompatibility complex class II (HLA-DQ2)

genetic markers (DQA1*0501 and DQB1*0201 alleles)

were determined by a polymerase chain reaction (PCR)

with a Protrans HLA Celiac Disease Domino System kit

(Protrans, Ketsch, Germany), and the HLA-DQ8 haplotype

was measured in DQ2 negatives.

We quantified all classes of immunoglobulins (IgA,

IgM, IgD) and carried out specific dosage of serum IgE and
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skin-prick tests to rule out wheat allergy in any of the

patients.

An upper-GI endoscopy with at least four duodenal

biopsies was performed on all patients using the customary

methods. Samples were routinely stained with hema-

toxylin–eosin (HE) and with anti-CD3 Dako immunohis-

tochemical monoclonal antibodies, to verify the presence

and determine the frequency of intraepithelial lymphocytes

(IELs). These were quantified in turn in relation to 100

epithelial cells. Samples were studied by two expert

pathologists from the HUCA and classified into the fol-

lowing types: stage 0, normal duodenum; stage 1, increased

IEL infiltration with a total count of C25 %; stage 2, crypt

hyperplasia and presence of diffuse chronic inflammatory

infiltration of the lamina propria; stage 3, villous atrophy,

subdivided into three categories (mild, moderate and sev-

ere), according to the histological classification of CD

described by Marsh [18] with the subsequent modifications

of Oberhüber et al. [19].

GA patients were compared with an adult group of 48

CD patients and a group of 37 NCGS patients. All three

groups were studied in our clinic over the same period in an

ambulatory context [20].

The criteria used to diagnose NCGS in our study were,

besides the exclusion of CD from a determination of nor-

mal histology and negative CD-specific serology, exclusion

of wheat allergy by normal specific IgE and a negative

skin-prick test, a 6- to 12-month trial of a GFD with dis-

appearance of symptoms, and relapse of symptoms upon a

1-month open gluten challenge.

Statistics

Descriptive statistics (mean, standard deviation and range)

were calculated for continuous variables. Qualitative vari-

ables were summarized as percentages. Differences

between group means of normally distributed continuous

variables were assessed by Student’s unpaired-samples

t test. Contingency tables of categorical variables were

analyzed by Fisher’s exact test, and the odds ratio (OR) and

95 % confidence interval (CI) were estimated. All statis-

tical tests were two-sided, with significance concluded for

values of p\ 0.05. They were carried out with SPSS 15.0

(SPSS Inc., Chicago, IL, USA).

Results

Of the 31 GA patients included in the study, 17 were male

and 14 female, giving a gender ratio M/F of 1.2/1. The

mean age of onset of ataxia was 51 years, with a broad

range, going from 30 to 80 years in the extreme cases. Gait

ataxia was the main sign, present in 100 % of patients.

Lower limb ataxia was found in 92 % being more often

affected than upper limbs (68 %). Gaze-evoked nystagmus

and other ocular signs of cerebellar dysfunction were seen

in 77 % of the cases. Additional movement disorders

including myoclonus, palatal tremor were found sporadi-

cally in only 2 patients. Peripheral neuropathy, mainly

sensitive in type, was found in 56 % of cases. We did not

find any autonomic dysfunction present in these patients.

AGA positivity was found in all patients, but TG was

positive in only one case (3 %). HLA-DQ2 positivity was

found in 10 patients (32 %), and lymphocytic enteropathy

on duodenal biopsies[25 % (Marsh 1 stage) was present

in only three cases (10 %).

We found the presence of oligoclonal bands in the

cerebrospinal fluid in the 46 % of patients. MRI cerebral

studies showed mild to moderate degrees of cerebellar

lesions in 60 % of cases, with the presence of an atrophy at

the cerebellar vermis (Fig. 1).

There were some associated diseases of autoimmune

origin. The most frequently present was dermatitis her-

petiformis in 7 cases (22.6 %) and 2 cases of thrombocy-

tosis (6.5 %). The disease was very disabling at diagnosis,

and 6 patients (19.3 %) needed a wheelchair for daily life

activities. Finally, 3 patients (10 %) died by associated

diseases, most of them not directly related to the main

neurological disease. The demographic data, clinical

characteristics, and the serological and histological findings

of GA patients are summarized (Table 1).

Fig. 1 Cerebral MRI showing signs of atrophy of the cerebellar

vermis in a GA patient
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The patients in the CD group were more likely to be

female (gender ratio of 3:1), and were younger on average

(mean age 43 ± 13 years; range 27–56 years) than those in

the GA group (p = 0.007). With respect to the serological

markers, AGA and TG positivity were present in signifi-

cantly lower and higher proportions, respectively, in the

CD group, compared with the GA group (p\ 0.001).

The genetic marker of HLA-DQ2, was very predomi-

nant in CD patients (89.6 %), contrasting with the lower

percentage found in GA (30 %; p\ 0.001). Lymphocytic

enteritis was the predominant lesion in celiacs (32 cases,

66.7 %), which was about twice as common as in GA

patients (32.2 %; p\ 0.001). These results, including the

ORs and 95 % CIs, are shown in Table 2.

The comparative analysis with the NCGS group

revealed no differences between genders, but the mean age

of the GA patients was significantly older on average

(59 ± 14 years) than that of the NCGS group

(41 ± 8 years; p\ 0.001).

AGA positivity was slightly but not significantly lower

(89 %) in the NCGS group (p = 0.100). Likewise, analysis

of TG positivity revealed a mean of 2.7 % in NCGS

patients compared with 3.2 % in the GA group

(p = 1.000). There was no significant difference in HLA-

DQ2 between the two groups (32.2 vs. 29.7 %)

(p = 1.000). The histological examination of duodenal

biopsies also failed to identify any significant differences

between the two groups (9.6 vs. 10.8 %; p = 1.000). These

results, including the ORs and 95 % CIs, are shown in

Table 3.

Discussion

Our results indicate that patients in the GA group are more

accurately classified within the NCGS than within the CD

group. The only significant difference between the first two

groups was that the mean age of patients was greater in the

GA group than in the CD group (p\ 0.001). The other

serological, genetic, and histological characteristics related

to gluten intolerance were very similar, with no significant

differences between the groups.

In contrast, we found several statistically significant

differences with p values\0.001, between the GA and CD

groups, with a lower proportion of women in the former

group (55 vs. 75 %; OR 3.64; 95 % CI 1.39–9.54), older

age, more frequent AGA positivity (p\ 0.001), less fre-

quent TG positivity (3.2 vs. 33.3 %; OR 14.9; 95 % CI

1.87–125), a lower percentage of DQ2 (?) (32.2 vs.

89.6 %; OR 23.25; 95 % CI 6.49–83.33), and less frequent

Marsh 1 lesions in GA (9.6 vs. 66.7 %; OR 18.52; 95 % CI

4.92–71.4).These results lead us to conclude that, in rela-

tion to all the characteristics analyzed, GA seems to more

closely resemble NCGS than CD.

GA was originally defined in 1968 by Hadjivassiliou

et al. [2] as a variety of otherwise idiopathic sporadic ataxia

with positive serological markers for gluten sensitization.

Like CD, it is an autoimmune disease characterized by

damage to the cerebellum that results in ataxia. There is

some evidence to suggest that there is antibody cross-re-

activity between antigenic epitopes on Purkinje cells and

gluten proteins [21, 22].

However, GA is not the sole neurological manifestation

occurring in CD, since there have been several reports

linking CD and/or gluten sensitivity with mental health

manifestations, including isolated psychosis and full-blown

schizophrenia [23, 24]. Complete symptom resolution was

reported in these cases when gluten was removed from the

diet.

There is also evidence of frequent gluten sensitivity (but

not CD) in some schizophrenia patients. Furthermore,

similar reports have been published concerning various

other neurological manifestations in response to gluten

exposure, including the so-called idiopathic neuropathies,

some forms of epilepsy, and autism [25–27].

The prevalence of CD is estimated to be close to 1 in

100 in Western countries [28]. However, a higher per-

centage of the general population consider themselves to be

suffering from wheat sensitivity to wheat sensitivity and

exclude wheat from their diet on the basis of their negative

experience after eating wheat-containing foods. These

wheat-reactive patients often present symptoms similar to

those of CD, but have negative CD serology and

histopathology.

Table 1 Clinical and demographic characteristics of GA patients

Male/female ratio 1.2

Mean age at onset (years) 51

Gait ataxia (%) 100

Lower limb ataxia (%) 92

Upper limb ataxia (%) 68

Dysarthria (%) 85

Ocular signs (%) 77

Peripheral neuropathy (%) 56

Anti-gliadin antibodies (%) 100

TG (?) (%) 3

HLA-DQ2 (?) 32

Duodenal lymphocytosis (%) 10

Presence of oligoclonal bands (%) 46

Cerebellar atrophy in MRI (%) 60

Gluten-free diet, clinical efficacy (%) 82

Deaths in the follow-up period (%) 10
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In most cases, these patients consult several physicians,

seeking to obtain a diagnosis of CD, but, very often, they

are considered to be suffering ‘‘simply’’ from irrita-

ble bowel syndrome [29]. The diagnostic gold standard for

wheat sensitivity ought to be the double-blind placebo-

controlled (DBPC) challenge, but this is a cumbersome and

time-consuming method and is therefore very rarely used.

A precise and widely agreed definition of NCGS does

not yet exist. It is currently understood to be a condition

associated with experiencing various symptoms in response

to ingestion of foods containing wheat, rye and barley, and

the resolution of these symptoms on withdrawal of those

foods from the diet of individuals in whom CD and wheat

allergy have been ruled out. The symptoms may be

accompanied by an increase in levels of gluten antibody.

The majority of symptoms associated with NCGS are

subjective, including abdominal pain, headache, ‘‘brain

fog,’’ tingling and/or numbness in the hands and feet,

fatigue, and musculoskeletal pain. However, other symp-

toms, such as rash and diarrhea, as well as more severe

neurological and psychiatric conditions including

schizophrenia and cerebellar ataxia, have also been repor-

ted to be associated with NCGS.

Although NCGS has received greater attention in recent

years, earlier reports had already suggested that the con-

dition is a distinct clinical entity. A study in 1980 described

eight female subjects with abdominal pain and chronic

diarrhea who experienced dramatic relief when on a GFD

and a return of symptoms when exposed to a gluten chal-

lenge. CD was ruled out due to the lack of villous atrophy

on a gluten-containing diet, but it was noted that the gluten

challenge induced a jejunal cellular infiltrate. The clinical

description of these patients is similar to that of patients

who are now frequently found in clinical practice and are

thought to have NCGS [9].

A connection between CD and certain specific neuro-

logical and psychiatric disorders has been proposed in

recent decades, based primarily on findings solely of ele-

vated antibodies to gliadin in affected patients [30]. Some

of the most entities frequently associated include

schizophrenia, peripheral neuropathy, cerebellar ataxia,

and autism. Recently published reports of large patient

cohorts have described increased circulating levels of

antibody to gluten in about a quarter of individuals with

schizophrenia [31]. However, new data indicate that the

anti-gluten immune response differs significantly from that

in CD, whereby these patients display a unique antigenic

specificity that is apparently independent of the action of

TG enzyme and presentation by HLA-DQ2 and HLA-DQ8

molecules. As such, the majority of such patients may

belong to the NCGS category, rather than to the CD group.

Similarly, elevated antibody reactivity to gluten has

been reported in up to 40 % of patients with idiopathic

sporadic ataxia. Other investigators have shown a similarly

Table 2 Demographic, serological, genetic, and histological parameters in gluten ataxia and celiac disease

Gluten ataxia (n = 31) Celiac disease (n = 48) OR (95 % CI) p

Sex [M/F (% of women)] 17/14 (45) 12/36 (75) 3.64 (1.39–9.54) 0.007

Mean age [years (range)] 59 ± 14 (30–80) 43 ± 13 (27–56) ND 0.001

AGA positivity [n (%)] 31 (100) 23 (48) ND 0.001

TG positivity [n (%)] 1 (3.2) 16 (33.3) 14.90 (1.87–125.00) 0.001

HLA-DQ2 (?) [n (%)] 10 (32.2) 43 (89.6) 23.30 (6.50–83.33) 0.001

Duodenal biopsies Marsh 1 stage [n (%)] 3 (9.6) 32 (66.7) 18.50 (4.92–71.40) 0.001

AGA anti-gliadin antibodies, tTG transglutaminase, OR odds ratio, CI confidence interval, ND not done

Table 3 Demographic, serological, genetic, and histological parameters in gluten ataxia and non-celiac gluten sensitivity (NCGS)

Gluten ataxia (n = 31) NCGS (n = 37) OR (95 % CI) p

Sex [M/F (% of women)] 17/14 (45) 19/18 (49) 1.15 (0.44–2.99) 0.774

Mean age [years (range)] 59 ± 14 (30–80) 41 ± 8 (29–53) ND 0.001

AGA positivity [n (%)] 31 (100) 33 (89) ND 0.120

TG positivity [n (%)] 1 (3.2) 1 (2.7) 1.20 (0.07–20.01) 1.00

HLA-DQ2 (?) [n (%)] 10 (32.2) 11 (29.7) 1.13 (0.40–3.16) 1.00

Duodenal biopsies Marsh 1 stage [n (%)] 3 (9.6) 4 (10.8) 0.88 (0.18–4.29) 1.00

AGA anti-gliadin antibodies, TG transglutaminase, OR odds ratio, CI confidence interval, ND not done

562 Immunol Res (2016) 64:558–564
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greater prevalence of increased antibody reactivity to

gliadin in both sporadic and hereditary ataxias. Most of

these patients do not appear to have the specific serological

markers of CD and may again fit more comfortably within

the NCGS spectrum [6]. We did not determine the TG

subtype 6 (TG6), because this test is not available for

routine clinical use. Also we did not include the deami-

nated peptides of gliadin (DGP) antibodies, because they

are very sensitive in young children, but not in adults.

A study of a cohort of patients with ataxia and elevated

AGA has shown a positive response to GFD in some

individuals. However, the pathogenic relevance of the

increased antibody response to gliadin in different forms of

ataxia and the potential effect of GFD on disease remain

matters of debate [15]. All patients were good compliant

following a strict gluten-free diet from their inclusion into

the study and most of them achieving a stopping or a clear

improvement in their neurological clinical manifestations.

The clinical workup for diagnosis of NCGS usually

focuses on the exclusion of CD and wheat allergy. Sero-

logical testing is particularly useful in this regard, includ-

ing testing for IgA antibodies to TG2, as well as IgG and

IgA antibodies to deamidated gliadin in children for CD,

and IgE antibodies to wheat proteins for wheat allergy.

HLA typing may also be very useful, as negativity for

HLA-DQ2 and HLA-DQ8 has an excellent negative pre-

dictive value for CD [32]. Skin-prick testing is an addi-

tional tool for ruling out wheat allergy. The task of

exclusion is difficult in those patients who are already on a

strict GFD. If the patient does indeed have CD, the mucosa

may have recovered and the serology could also be nega-

tive, and thus a short gluten challenge may be necessary. At

present, there are no known specific serological markers

that can confirm the clinical suspicion of NCGS.

No reliable epidemiological studies of NCGS have been

published so far. According to an article published in The

Wall Street Journal, some experts think as many as 6 % of

North American people may have some form of NCGS

[33], although it is not clear what data this estimate is based

upon. It is also estimated that in 2010 the market for glu-

ten-free food was worth $2.6 billion, implying that a con-

siderable proportion of the US population is consuming

gluten-free foods. Data from both scientific and lay liter-

ature suggest that there is greater public recognition of

gluten sensitivity than of CD [34]. Although the ‘‘low-carb

diet’’ was widely adopted from 2000 onwards, it has shown

a steady decline in adherents since 2005. On the other hand,

the GFD has become increasingly popular since 2008 and

this trend is expected to continue. Although the prevalence

of CD in the USA, like in all western countries, is around

1 %, most patients are undiagnosed and known celiacs make

up a relatively small fraction of the consumers of gluten-free

products. So far, there have not been any high-quality

genetic studies of the NCGS population. There is no evi-

dence to suggest that the condition has the same pattern of

association with HLA-DQ2/-DQ8, as does CD.

Several studies have shown that NCGS patients have an

increased density of intraepithelial lymphocytes (IELs),

although not to the same extent as untreated CD patients.

The IELs expressed the T cell receptor a/b, but not the c/d
subtype. The investigators concluded that NCGS patients

showed signs of increased innate, rather than adaptive,

immune activation. Although the pathophysiology of

NCGS is currently far from clear, the available data sup-

port the existence of an immune activation process that is a

common factor in CD and NCGS [35–37]. This may be

associated also with the so-called sporadic adult onset

cerebellar ataxia [6, 38]. A good information to the patient

and their families about the strict adherence to the GFD is

crucial to achieve a better response not only in CD but also

in NCGS and of course in GA patients [39].

In conclusion, our clinical study found that GA patients

fits more with the NCGS patients, than with CD group, on

the grounds that the serological, genetic, and histological

findings from their duodenal biopsies are much more

similar to those in the former clinical category. Therefore,

the recognition of GA as part of NCGS does not simply

mean a semantic issue, but allows the clinicians to think

out of the box of CD and to consider more widely the

spectrum of gluten sensitivity.
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