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ABSTRACT

Objective: To report neurologic phenotypes and their etiologies determined among 68 patients
with either (1) celiac disease (CD) or (2) no CD, but gliadin antibody positivity (2002–2012).

Methods: Neurologic patients included both those with the CD-prerequisite major histocompati-
bility complex class II human leukocyte antigen (HLA)-DQ2/DQ8 haplotype, and those without.
The 3 groups were as follows: group 1 (n544), CD or transglutaminase (Tg)-2/deamidated gliadin
immunoglobulin (Ig)A/IgG detected; group 2 (n5 15), HLA-DQ2/DQ8 noncarriers, and gliadin IgA/
IgG detected; and group 3 (n 5 9), HLA-DQ2/DQ8 carriers, and gliadin IgA/IgG detected. Neu-
rologic patients and 21 nonneurologic CD patients were evaluated for neural and Tg6 antibodies.

Results: In group 1, 42 of 44 patients had CD. Neurologic phenotypes (cerebellar ataxia, 13; neu-
ropathy, 11; dementia, 8; myeloneuropathy, 5; other, 7) and causes (autoimmune, 9; deficiencies of
vitamin E, folate, or copper, 6; genetic, 6; toxic ormetabolic, 4; unknown, 19) were diverse. In groups
2 and 3, 21 of 24 patients had cerebellar ataxia; none had CD. Causes of neurologic disorders in
groups 2 and 3 were diverse (autoimmune, 4; degenerative, 4; toxic, 3; nutritional deficiency, 1;
other, 2; unknown, 10). One or more neural-reactive autoantibodies were detected in 10 of 68
patients, all with autoimmune neurologic diagnoses (glutamic acid decarboxylase 65 IgG, 4;
voltage-gated potassium channel complex IgG, 3; others, 5). Tg6-IgA/IgG was detected in 7 of
68 patients (cerebellar ataxia, 3; myelopathy, 2; ataxia and parkinsonism, 1; neuropathy, 1); the
2 patients with myelopathy had neurologic disorders explained by malabsorption of copper, vitamin
E, and folate rather than by neurologic autoimmunity.

Conclusions: Our data support causes alternative to gluten exposure for neurologic dysfunction
among most gliadin antibody–positive patients without CD. Nutritional deficiency and coexisting
autoimmunity may cause neurologic dysfunction in CD. Neurology® 2014;83:1789–1796

GLOSSARY
AChR 5 acetylcholine receptor; AQP4 5 aquaporin-4; CD 5 celiac disease; GAD65 5 glutamic acid decarboxylase 65;
HLA 5 human leukocyte antigen; ICD-9 5 International Classification of Diseases, ninth revision; Ig 5 immunoglobulin;
NMO 5 neuromyelitis optica; OD 5 optical density; Tg 5 transglutaminase; VGKC 5 voltage-gated potassium channel.

Celiac disease (CD) is a chronic immune-mediated enteropathy precipitated by exposure to die-
tary gluten within wheat, rye, and barley.1 CD has one of the strongest human leukocyte antigen
(HLA) associations. Family members of patients with CD who do not have HLA-DQ2 or -DQ8
have low risk of developing CD.2,3 Coexisting autoimmune diseases are common in CD, and
include diabetes mellitus and thyroid disease.4 Early neurologic reports included sensory ataxia
(due to myeloneuropathy) usually without cerebellar ataxia.5 That phenotype is usually attribut-
able to enteropathy-induced malabsorption of copper or vitamin E.6–8 Rare autopsy cases of
inflammatory neurologic disorders arising in patients with CD have also been reported.5,9 A causal
link between gluten exposure and nervous system inflammation has remained controversial.10

After their introduction in the 1970s, gliadin antibodies served as the serologic test for CD.11

Low specificity led to their abandonment for the diagnosis of CD.12 International consensus
concluded that immunoglobulin (Ig)A antibodies with endomysial, transglutaminase-2 (Tg2),
and deamidated gliadin specificities have superior sensitivity and specificity.1 In the mid-1990s,
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first-generation gliadin antibodies were re-
ported to be more common in patients with
idiopathic neurologic disorders than in pa-
tients with neurologic disorders of known
cause.13 This spawned reports of neurologic
disorders triggered by gluten, unified by glia-
din antibody positivity.14–18 Those patients
may have both CD and the HLA-DQ2/
DQ8 haplotype, one of those, or neither.18

Furthermore, Tg6 was reported as a pertinent
nervous system–specific antigen.19–21

Herein, we evaluate the significance of pos-
itive CD serologies in neurologic patients eval-
uated at the Mayo Clinic, Rochester, MN
(2002–2013).

METHODS Standard protocol approvals, registrations,
and patient consents. This study was approved by the Mayo

Clinic institutional review board (06-09331). The medical record

index system (1997–2012) was interrogated for patients who had

received ICD-9 billing codes for both CD and a neurologic diag-

nosis (not necessarily simultaneously). Patient medical records

(1,007 total) were reviewed for patients in whom a diagnosis of

gluten sensitivity or CD-related neurologic disorder was being

considered. Of 111 patients identified, 68 with duodenal

biopsy results documented and serum available for additional

testing were included.

We reviewed medical records of the 68 patients. We sought to

establish the causes of neurologic dysfunction in patients, among

both those with CD and those without CD. To accomplish this,

we divided patients into 3 groups according to CD-prerequisite

HLA haplotype and CD serologic findings. Group 1 patients

had the HLA-DQ2 or -DQ8 haplotype and had second-

generation CD serologic testing positivity (Tg2-IgA or -IgG, or

deamidated gliadin IgA or IgG) during neurologic evaluation,

or had a duodenal biopsy-proven diagnosis of CD before that

evaluation. Group 2 patients did not have HLA-DQ2 or -DQ8

haplotype, but nonetheless had first-generation CD serologic test-

ing positivity (gliadin IgA or IgG). Group 3 patients had the

HLA-DQ2 or -DQ8 haplotype, and had gliadin IgA or IgG test-

ing positivity.

Patients with CD without neurologic disorders. Twenty-
one patients known to be Tg2-IgA seropositive and had CD,

but had no neurologic symptoms known, were also tested for

Tg6-IgA and -IgG by ELISA.

Serum and CSF testing. Tissue immunofluorescence,
immunoprecipitation, and cell-binding assays. Patient and

control serums were assayed with indirect immunofluorescence

for IgG and IgA antibodies with neural antigen specificity using

the following 2 cryosectioned tissue composites: (1) mouse brain

(hippocampus, cerebral cortex, cerebellum, basal ganglia, and thal-

amus), kidney, and stomach; and (2) monkey brain (cerebellum

and cerebrum) and mouse stomach (Inova Diagnostics, San Diego,

CA), as previously described.22 Patient serums were assayed for

endomysial-IgA using monkey esophagus (EUROIMMUN,

Lübeck, Germany). CSF specimens were available in 14 patients,

and were also tested by indirect immunofluorescence for neural-

reactive autoantibodies.

Radioimmunoprecipitation assays were used to detect serum

antibodies with the following specificities: neuronal calcium

channels (P/Q-type and N-type), voltage-gated potassium chan-

nel (VGKC) complexes, muscle (a1) and neuronal ganglionic

(a3) acetylcholine receptors (AChRs), and glutamic acid decar-

boxylase 65 isoform (GAD65), as previously described.23 ELISA

was used to detect striational antibody.23

All serums yielding positive VGKC-complex-IgG results were

analyzed by an in-house–validated HEK-293 cell–based immu-

nofluorescence kit assay for IgG reactive with leucine-rich, glioma

inactivated 1 or contactin-associated protein 2 (EUROIMMUN).

A cell-based assay was also used to detect aquaporin-4 (AQP4)-

IgG (EUROIMMUN).

ELISA: Detection of autoantibodies against human
recombinant Tg6. Tg6-IgA and -IgG ELISA testing was per-

formed using an immobilized, purified preparation of human

recombinant Tg6 (ZediXplore Tg6-ELISA IgA [catalog no. E003]

and Tg6-ELISA IgG [catalog no. E004]; Zedira, Darmstadt,

Germany). The absorbance was read at 450 nm (GENios Pro

plate reader; Tecan, Research Park Triangle, NC). Specific optical

density (OD) for each serum was calculated by averaging the OD

of the duplicate Tg6-coated wells and subtracting the average of

the duplicate control wells. Quantitative evaluation was performed

using a standard curve fitting the kit calibrators provided. The

units of Tg6 antibodies (IgA or IgG) per mL of serum were cal-

culated from the standard curve using the specific OD. Specimens

with units of Tg6 antibodies per mL of serum 1.5 times greater

than the average of normal donor controls (same 4 were included

in each assay) were positive (.5.5 U/mL).

Statistics. Serologic results for neurologic and nonneurologic pa-
tients were compared using Fisher exact test.

RESULTS Summary of findings. CD-related clinical
and serologic data are recorded in table 1. Neurologic
diagnoses are recorded in table 2. Neural autoantibody
data and Tg6-IgA/IgG data are recorded in table 3.

For the 68 patients, median neurologic symptom-
onset age was 53 years (range, 11–82); 40 patients
were women. Median follow-up duration after neu-
rologic diagnosis was 12 months (range, 1–156).

A cause for neurologic dysfunction was discernible in
39 patients (57%), with coexisting neurologic autoim-
munity being the most common (13 patients [19%]).
One or more neural-reactive IgG autoantibodies were
detected in 10 of those 13 patients (GAD65-IgG, 4;
VGKC-complex-IgG, 3; striational antibody, 3; gangli-
onic AChR-IgG, 1; AQP4-IgG, 1) and 4 of 21 patients
with CD without neurologic symptoms (p , 0.001).
Two of 4 patients seropositive for GAD65-IgG also
had this antibody detected in CSF. None had novel
neural IgA or IgG antibodies detected by tissue immu-
nofluorescence of mouse or monkey brain.

CD was thought the likely cause of neurologic dys-
function in 9 patients (13%), all of whom were from
group 1, either because of a gastrointestinal malabsorp-
tion syndrome or because of improvement that occurred
with a gluten-free diet. A malabsorption-induced defi-
ciency of neurologically critical vitamin E, folate, or cop-
per was documented in 6 of those 9 patients. The
remaining 3 patients had physician-reported neurologic
improvements with gluten-free diet despite no cause
identified on testing.
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Tg6-IgA or -IgG was detected by ELISA in 7 of 68
neurologic patients and in 4 of 21 patients with CD
without neurologic symptoms (p 5 0.28). Among the
7 seropositive patients, neurologic diagnoses previously
recorded included the following: idiopathic cerebellar
ataxia, 3; myelopathy secondary tomalabsorption of cop-
per and vitamin E or folate, 2; autoimmune neuropathy,
1; and idiopathic cerebellar ataxia and parkinsonism, 1.
Tg6-IgA median U/mL values were 21.4 for the cases

(range, 12.5–92.6) and 15.1 for the patients with CD
without neurologic symptoms (range, 10.1–47.7).
Tg6-IgG was detected in only one neurologic patient
(13.4 U/mL) and one control (13.8 U/mL). Three
Tg6-IgA–seropositive patients and one Tg6-IgG–positive
patient received a gluten-free diet. These comprised
1 myeloneuropathy and 1 neuropathy in group 1; 1 cer-
ebellar ataxia in group 2; and 1 cerebellar ataxia in group
3. The Tg6-IgA–seropositive patient from group 1 with
CD andmyeloneuropathy secondary tomalabsorption of
copper had neurologic improvements.

Group 1: 44 patients seropositive for Tg2 or deamidated

gliadin antibodies, or with CD diagnosis established. CD
was diagnosed in 42 of 44 patients. CD had been
confirmed histologically before neurologic evaluation
in 21 patients; median diagnosis duration was 5 years
(range, 0.5–37). Of these 21 patients, 16 reported
compliance with gluten-free diet at the time of
neurologic symptom onset and presentation to
Mayo Clinic (9 were Tg2 or deamidated gliadin
antibody negative at neurologic presentation; 5
remained antibody positive, and 2 were not
retested) and 5 reported poor dietary compliance
(all were Tg2 or deamidated gliadin antibody
positive at neurologic presentation).

The CD diagnosis was established histologically
during neurologic evaluation at Mayo Clinic in 21
patients, 7 of whom had no gastrointestinal symp-
toms at that time. All but one was seropositive for
Tg2 or deamidated gliadin antibody, and the diagno-
sis of CD was established by histology alone. The 2
remaining patients did not have CD; one had lym-
phocytic colitis that improved with gluten-free diet
and one had no intestinal disease detected (but was
Tg2-IgG positive only). Of 4 patients who were
Tg2-IgA or deamidated gliadin IgA negative at pre-
sentation, none had IgA deficiency.

Table 2 Neurologic disorders and their causes

Group 1 (n 5 44) Group 2 (n 5 15) Group 3 (n 5 9)

Autoimmune 9 4 0

Nutritional deficiency 6: 5 myeloneuropathy, 1 ataxia, 2e to deficiency
of $1 copper, vitamin E, or folate

1 ataxia 2e to copper
deficiency

0

Toxic 4: 1 ataxia 2e to alcohol, 1 ataxia 2e to
superficial siderosis, 1 akathisia 2e to
medication, 1 metabolic encephalopathy

1 2: 1 ataxia 2e to alcohol,
1 ataxia 2e to medication

Hereditary 6: 3 ataxia, 2 dementia, 1 neuropathy 0 0

Other 0 1 ataxia 2e to pontine
hemorrhage

1 ataxia 2e to MS

Neurodegenerative 0 3: 2 MSA,a 1 ALS 1 MSAa

Other idiopathic 19: 6 neuropathy, 5 dementia, 4 ataxia,
2 parkinsonism, 1 myopathy, 1 myoclonus

5: all ataxia 5: 4 ataxia, 1 parkinsonism and
neuropathy

Abbreviations: ALS 5 amyotrophic lateral sclerosis; ataxia 5 cerebellar ataxia; MS 5 multiple sclerosis; MSA 5 multiple
system atrophy; 2e 5 secondary.
aAll had cerebellar ataxia in addition to other neurologic findings.

Table 1 CD-related clinical and serologic characteristics

Group 1 (n 5 44)
Group 2
(n 5 15)

Group 3
(n 5 9)

CD 42/44 0/15 0/9

Other 1/44 (lymphocytic colitis); 1/44
(no GI diagnosis [Tg2-IgG1 only])

0/15 0/15

CD diagnosis made before
neurologic diagnosis

21/42 0/15 0/9

Reported gluten-free
compliance at presentation

16/21 0/15 0/9

HLA-DQ2 or -DQ8 26/26 0/15 9/9

Gliadin IgA 9/22 12/15 9/9

Gliadin IgG 6/21 7/15 2/9

EMA-IgA 8/18 0/11 0/6

Tg2-IgA 23/40; 16/20a 0/14 0/9

Tg2-IgG 7/31; 5/16a 0/10 0/7

Deamidated gliadin IgA 9/14; 5/7a 0/2 u

Deamidated gliadin IgG 4/14; 2/7a 0/1 u

Tg2 or deamidated IgA or IgG 30/33; 20/21a 0/14 0/9

Seronegative and on diet at time of
serologic testing at Mayo Clinic

3 0 0

Not tested 11 0/15 0/9

Abbreviations: CD 5 celiac disease; EMA 5 endomysial antibody; GI 5 gastrointestinal; HLA 5

human leukocyte antigen; Ig 5 immunoglobulin; Tg2 5 transglutaminase-2; u 5 unknown.
All were Tg2-IgA positive by ELISA.
aNot on gluten-free diet at testing.
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The timing of gastrointestinal symptom onset in
relation to neurologic symptom onset was available in
28 patients. Gastrointestinal symptoms preceded neu-
rologic symptom onset in 17 patients (median dura-
tion, 13 years; range, 1–40), had simultaneous or
near simultaneous onset in 6, and started after neuro-
logic symptom onset in 5 (median duration, 7 years;
range, 1–50). Gastrointestinal symptoms reported were
as follows: diarrhea, 20; weight loss, 9; bloating and/or
flatulence, 5; constipation, 3; abdominal pain, 3; dys-
phagia, 1; and nausea, 1. Other presenting disorders
that precipitated investigation for CD were dermatitis
herpetiformis and iron deficiency anemia.

Neurologic phenotypes included the following: cere-
bellar ataxia, 13; peripheral neuropathy, 11; cognitive
disorders, 8; myeloneuropathy, 5; parkinsonism, 2; neu-
romyelitis optica, 2; stiff-man syndrome, 1; dyskine-
sias, 1; and myoclonus, 1.

Autoimmune neurologic disorders, diagnosed in 9
patients, included (tables 2 and 3, figure): peripheral
neuropathy, 4 (2 were VGKC-IgG positive, 1 was stria-
tional antibody seropositive and had 9 CSF-exclusive
oligoclonal bands, and 1 was Sjögren syndrome serol-
ogy [SS]-A and -B positive); cerebellar ataxia, 2 (1 was
a3 ganglionic AChR antibody positive, and the other
was GAD65-IgG and striational antibody positive);
neuromyelitis optica, 2 (1 was AQP4-IgG positive);
and stiff-man syndrome, 1 (GAD65-IgG positive).

Neurologic disorders were attributable to
malabsorption-induced nutritional deficiency in 6 pa-
tients. These disorders included myeloneuropathies
(with sensory ataxia) secondary to deficiency of $1 of
copper, vitamin E, and folate, 5; and myelopathy sec-
ondary to copper deficiency, 1 (the patient also had
cerebellar ataxia). Other etiologies included genetic dis-
orders, 6; chronic alcoholism-induced cerebellar ataxia,
1; metabolic encephalopathy, 1; tardive akathisia, 1; and
ataxia caused by superficial CNS siderosis, 1. The
remaining 19 patients had neurologic disorders of
unknown cause (neuropathy, 6; dementia, 5; cerebellar
ataxia, 4; parkinsonism, 2; multifocal myoclonus, 1; and
myopathy, 1). Zinc deficiency, of unclear neurologic
significance, was detected in 6 of those patients (neurop-
athy, 3; myelopathy, 2; and cognitive impairment, 1).

Group 2: 15 patients seropositive for gliadin IgA or IgG

only, without HLA-DQ2 or -DQ8 haplotype. All 15 pa-
tients had gliadin IgA/IgG detected in the course of
evaluation for cerebellar ataxia (13) and peripheral ner-
vous system disease (2). Six patients had gastrointestinal
symptoms (diarrhea, 4; appetite loss, 1; constipation, 1).
None had CD. Final neurologic diagnoses for the 13
patients with cerebellar ataxia were as follows: cause
unknown, 5; autoimmune, 3 (2 had GAD65-IgG,
1 had VGKC-complex-IgG, and 1 had striational
antibody); multiple system atrophy, 2; copper
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deficiency, 1; chronic alcohol abuse, 1; and pontine
hemorrhage, 1. Diagnoses in the 2 remaining patients
were autoimmune neuropathy and amyotrophic lateral
sclerosis. The patient with autoimmune neuropathy
had SS-A and SS-B antibodies and rheumatoid factor
detected in serum, and an elevated protein and IgG
synthesis rate detected in CSF.

Group 3: 9 patients seropositive for gliadin IgA or IgG,

with HLA-DQ2 or -DQ8 haplotype. All 9 patients had
gliadin IgG or IgA detected in the course of evalua-
tion for ataxia (8) and parkinsonism (1). Three pa-
tients had gastrointestinal symptoms, one each of
diarrhea, constipation, and heartburn. None had
CD. Final neurologic diagnoses for the 8 patients
with ataxia were as follows: cause unknown, 4;
chronic alcohol abuse, 1; medication-induced
(reversible), 1; multiple sclerosis, 1; and multiple
system atrophy, 1. The remaining patient had
idiopathic parkinsonism and neuropathy.

Treatment. Gluten-free diet. Group 1. Improvements re-
ported in 6 of 33 patients were major in 4
and minor in 2. Three had a diagnosis of CD made
during evaluation for neurologic symptoms and 3

had preexisting CD for 2 years or less. All 6 had gas-
trointestinal symptoms before neurologic symptoms.

Three patients had myeloneuropathy and
malabsorption-related deficiencies of copper or vita-
min E, which improved with treatment. The mecha-
nism of neurologic improvement in the 3 other
patients was unknown. A 37-year-old woman had
fatigue and impaired frontal-subcortical function.
CD was diagnosed but she did not have an apparent
vitamin or trace element deficiency. She initiated and
maintained a strict gluten-free diet. Neuropsycho-
metric reassessment after 3 years revealed normal cog-
nition, and she resumed work as a languages teacher.
Improvements in sensory symptoms were reported in
2 patients with peripheral neuropathy after initiating
a gluten-free diet. Neurologic progression was re-
ported in 16 patients and no change in 11 patients.

Of 18 patients who presented with neurologic
symptoms in the context of an established CD diag-
nosis, 8 had persisting positive Tg2 or deamidated gli-
adin serologies, indicative of ongoing contamination
of diet with gluten. Of those, 3 patients had improve-
ments in neurologic as well as gastrointestinal symp-
toms with improved dietary compliance.

Figure EMA-IgA, GAD65-IgG, and VGKC-complex-IgG detected by indirect immunofluorescence

EMA-IgA, which has Tg2 specificity, is non–organ-specific, staining interstitial connective tissue in endomysium (A, monkey
esophagus) and blood vessels (B, monkey cerebellum). GAD65-IgG (C) and VGKC-complex-IgG (D) stain neural tissue (mouse
cerebellum) but not kidney (arrows) or gut (not shown). EMA5 endomysial antibody; GAD655 glutamic acid decarboxylase
65; Ig 5 immunoglobulin; Tg2 5 transglutaminase 2; VGKC 5 voltage-gated potassium channel.

Neurology 83 November 11, 2014 1793



Groups 2 and 3.Of 4 patients treated with gluten-free
diet, all continued to deteriorate neurologically at last
follow-up.

Other treatments and outcomes.Other treatments were
undertaken in 10 patients. In group 1, autoimmune
neurologic disorders stabilized in 4 other patients with
immunotherapy (neuropathy, 2; neuromyelitis optica
[NMO], 1; ataxia, 1), and tardive akathisia stabilized
in one patient after withdrawal of neuroleptic medica-
tion. Hepatic encephalopathy improved in one patient
with portosystemic shunt placement. In group 2,
GAD65-IgG–associated ataxia stabilized in 2 patients
after treatment with immunotherapy. In group 3,
ataxia resolved in one patient after discontinuing
rabeprazole.

DISCUSSION Among our patients seropositive for
first-generation gliadin antibodies, but not Tg2 or
deamidated gliadin antibodies (groups 2 and 3), and
without histologic evidence of CD, causes of
neurologic dysfunction alternative to a gluten-
triggered etiology were demonstrated in the
majority. For group 2, two-thirds had an alternative
cause, and for group 3, 4 of 9 had an alternative
cause. Furthermore, the limited numbers of patients
treated with gluten-free diet from those 2 groups
continued to deteriorate neurologically. Cerebellar
dysfunction was the presenting disorder in almost
all patients in groups 2 and 3. The predominance
of patients with cerebellar ataxia (as opposed to
sensory ataxia) in those groups is likely consistent
with test-ordering bias in light of the reported
gliadin antibody–cerebellar ataxia association.14

Consistent with previous reports, in patients with-
out CD, first-generation gliadin antibodies lacked
specificity for neurologic disorders purported to be
related to gluten exposure.10,24,25 Using tissue immu-
nofluorescence, we did not detect any novel IgA or
IgG neural antibodies that might serve as biomarkers
of gluten-triggered neurologic disorders.20,26 For spec-
ificity, our contemporary tissue immunofluorescence
protocol includes gastric and renal tissue controls
(side by side with brain tissue) and preabsorption of
serums to remove non–organ-specific antibodies. Tis-
sue fixation is an evolving field, and future studies
could reevaluate those patients in whom an autoim-
mune neurologic cause was suspected but who were
seronegative for currently characterized antibodies.

In contrast to groups 2 and 3, the neurologic phe-
notypes encountered in group 1 patients were diverse,
and in one-quarter of instances were attributable to
neurologic autoimmunity coexisting with CD. All
but 2 in this group also had CD, consistent with
the high specificity of Tg2 and deamidated gliadin
IgAs for that disease.12 Most patients with autoim-
mune neurologic diagnoses had well-characterized

neural-reactive IgG (but not IgA) biomarkers de-
tected in serum.23,27–29 These data are consistent with
previous reports of coexisting neurologic autoimmu-
nity in CD, and the reported high frequency of non-
neurologic organ-specific autoimmune disorders
occurring in CD, particularly type 1 diabetes and
thyroid disease.30–32

The next most common diagnosis in group 1 was
vitamin or trace element deficiency secondary to
CD-induced malabsorption from small bowel. Consis-
tent with previous reports, the most common
malabsorption-related neurologic phenotype was mye-
loneuropathy in the setting of copper, vitamin E, or
folic acid deficiency, and improvements in symptoms
could be attributed to dietary supplementation with
these nutrients and gluten-free diet.5–8 For a minority
of patients with CD, the mechanism of neurologic
improvement with gluten-free diet was unknown.
The authors speculate that gluten-free diet could
reverse malabsorption of a trace element not usually
recognized as a cause of neurologic dysfunction. Zinc
deficiency was detected in 6 patients, including 3 with
peripheral neuropathy, but was of uncertain neurologic
significance. Zinc deficiency, known primarily as a
cause of cutaneous disorders, is detected in 65% of
patients newly diagnosed with CD.33 However,
peripheral neuropathy has been described in animal
models of zinc deficiency.34,35 Among patients with
CD in whom we did not find a cause for neurologic
dysfunction, a gluten-triggered inflammatory etiology
was possible,36,37 but there is an absence of data to
confirm the existence of this, and specific biomarkers
for this are lacking.

The clinical utility of Tg6-IgA and -IgG as markers
of gluten-triggered neurologic disorders is controver-
sial.21,25 We detected these antibodies among patients
with CD (with or without neurologic disorders) and
patients without CD, including those without the CD-
requisite haplotype. Others have also reported Tg6-IgA
and -IgG among 5% to 15% of non-CD controls.21,25

Because there is a high level of conservation between
Tg isoforms, crossreactivity of Tg2 antibody with Tg6
could occur.20 Expression of the Tg6 isoform has been
reported in skin as well as the nervous system.27 In
addition to nervous system tissues, GAD65-IgG is
reactive with pancreatic islet cells,38 and is detected
in 8% of the general population.39 Despite this,
GAD65-IgG is a clinically useful neurologic disease
biomarker. As demonstrated in our neurologic
patients, GAD65 autoantibody values (.20 nmol/L
in 3 of 4 cases) usually exceed those encountered
in type 1 diabetics without neurologic symptoms (usu-
ally 0.03–2.00 nmol/L).29

For neurologic patients with positive CD serolo-
gies, CD should be confirmed histologically before
attributing neurologic disorders to gluten exposure.
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Alternative etiologies for neurologic symptoms need
to be considered, both in patients with CD and those
with only positive CD serologies. For patients with
confirmed CD and new-onset neurologic symptoms,
coexisting IgG-related autoimmune neurologic disor-
ders (e.g., GAD65 or VGKC-complex autoimmu-
nity) and nutritional deficiency rank highest on the
list of potentially treatable disorders. Some patients
with CD may have improved neurologic symptoms
attributable to gluten-free diet. Reversal of nutritional
deficiencies explains neurologic improvements in
some patients with CD but not all.
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