
  
 

Review 1 

A gluten free diet in the management of epilepsy in 2 

people with coeliac disease or gluten sensitivity 3 

Zoë Gilbey 1 Justine Bold 1, 2  4 

1 School of Allied Health & Community, University of Worcester, Worcester, WR2 6AJ, UK. 5 
2 Centre for Medical Education, Medical School, Cardiff University, Cardiff, CF14 4YS, UK. 6 
* Correspondence: Justine Bold j.bold@worc.ac.uk 7 

Abstract: The aim of this review was to assess the effects of a gluten free diet (GFD) in the 8 
management of epilepsy in people with coeliac disease (CD) or gluten sensitivity (GS). A 9 
systematic approach was used to undertake a literature review. Five electronic databases 10 
(PubMed; Scopus; Google Scholar; Cochrane Epilepsy Group specialised register; Cochrane 11 
Register of Controlled Trails (CENTRAL) via the Cochrane Register of Online Trials) were 12 
searched using predetermined relevant search terms.  668 articles were identified.  Duplicates 13 
were removed and predefined inclusion and exclusion criteria were applied, and a PRISMA 14 
flow chart was produced.  Data was extracted using Covidence software. 12 studies on 15 
Epilepsy and CD involving a total of 70 participants were selected for analysis; narrative 16 
synthesis was used owing to the small sample sizes in the selected studies. None of the 12 17 
studies meeting inclusion criteria investigated gluten sensitivity and epilepsy. All the included 18 
studies support a link between epilepsy and CD. GFD was effective in 45 44 out of 70 19 
participants across the studies in terms of a reduction of seizures, reduction of antiepileptic 20 
drugs (AEDs) or normalisation of EEG pattern.  A total of 44 participants showed a reduction 21 
in seizures (across 8 studies) and complete cessation of seizures was reported in 22 participants. 22 
In general, the earlier the GFD is implemented after the onset of seizures, the better the 23 
likelihood of the GFD being successful in supporting control of seizures. Mechanisms linking 24 
gluten with epilepsy are not fully understood; possible hypotheses include gluten mediated 25 
toxicity, immune-induced cortical damage, and malabsorption.  Evidence suggests the 26 
effectiveness of a GFD in supporting the management of epilepsy in patients with CD, although 27 
the quality of evidence is low. There appears to be a growing number of neurologists who are 28 
prepared to advocate the use of a GFD.  A multidisciplinary approaches and further research 29 
are recommended.  It could be argued that when balancing potential treatments such as AEDs 30 
or surgery, a GFD has a low likelihood of harm. 31 

Keywords: 32 

 33 

1. Introduction 34 

1.1 Epilepsy 35 

Epilepsy is a neurological disorder that affects around 70 million people worldwide [1].  It 36 
can have a significant effect on the quality of life of those affected and their families [2].  Seizures 37 
are usually sudden, acute and unpredictable. People with epilepsy and their cohabiting relatives 38 
report higher levels of anxiety, depression and social anxiety disorders compared with the 39 
general population [3]. Epilepsy is not one disorder, but a term used to describe several 40 
conditions that share seizures as a common element [4]. There are over 40 different types of 41 
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seizure [5] and the seizure type and appearance vary depending on which area of the brain is 42 
affected. Some people may lose consciousness, collapse and jerk or twitch (tonic-clonic seizure). 43 
Other seizures result in a brief loss of consciousness with stiffness, or a complete loss of muscle 44 
tone (tonic, atonic, or drop attacks). Absence seizures can cause a person to appear blank and 45 
unresponsive for a few seconds . Seizures are classified into two main categories: generalised 46 
seizures which affect large areas on both sides of the brain (tonic-clonic, absence, or atonic) and 47 
focal seizures that affect a specific region of the brain [6].   48 

In some people the cause is known; brain injury accounts for almost 5% of all seizures [7], 49 
but they can also be caused by brain tumour, electrolyte imbalance [8], hormone imbalance or 50 
genetic factors [4]. However, in 60% of cases the aetiology is unknown [9] and referred to as 51 
‘idiopathic epilepsy’ [4].  Lack of sleep [10], stress and anxiety [11], hyperventilation [12] and 52 
high caffeine intake can increase seizure susceptibility (although long term low intake can protect 53 
from seizures [13]). Epilepsy is primarily controlled pharmacologically, through prescription 54 
AEDs, just over half of those taking medication will become seizure free.  A further 20-30% will 55 
have a reduction in seizures.  However, approximately 20% of people continue to suffer seizures 56 
despite taking one or more AEDs and this is termed refractory or intractable epilepsy [6].   57 
 58 
1.2 Ketogenic diet in management of epilepsy 59 

 60 
The ketogenic diet (KD) might improve outcomes in people with epilepsy [14]. The KD has 61 

been used for around 100 years in the treatment of refractory epilepsy [15].  The KD is a high-62 
fat, low carbohydrate, adequate protein diet [16].  Mechanisms by which the KD results in 63 
improved seizure control are not fully understood.  It is thought that the high-fat, restricted 64 
carbohydrate intake, results in the production of ketones due to fat metabolism.  The 65 
anticonvulsant effect of ketones is thought to be due to an upregulation of gene expression 66 
involved in energy metabolism in the brain [17]. In the UK, dietary intervention to support 67 
epilepsy management is not considered until AEDs have failed to control seizures.  In refractory 68 
epilepsy, The National Institute for Health and Care Excellence (NICE) guidelines recommend 69 
all children, young people and adults be referred to tertiary services offering non-70 
pharmacological interventions and this should involve a multidisciplinary team and include 71 
psychological interventions (relaxation, cognitive behaviour therapy, biofeedback); medical 72 
intervention (vagus nerve stimulation) or brain surgery [19].  NICE recommends children and 73 
young people (but not adults) whose seizures are not controlled by appropriate AEDs should be 74 
referred to a paediatric epilepsy specialist for consideration for the use of the KD [18]. 75 

Research into understanding the anti-seizure mechanisms of the KD has led some to 76 
postulate that the grain free, and therefore the gluten-free nature of the KD, may be a component 77 
in its success.   78 

 79 
1.3 Gluten and coeliac disease 80 

 81 
Gluten is the term used to describe the storage proteins found in wheat, barley and rye[19]. 82 

CD is a complex, systemic autoimmune disease triggered by the ingestion of gluten, in genetically 83 
susceptible individuals[20].  Worldwide, CD affects approximately 1% of the population[21]. 84 
Symptoms associated with CD include diarrhoea, constipation, weight loss and 85 
malabsorption[22]. Greater understanding of the pathogenesis of CD in the last few decades has 86 
established it can affect any part of the body[23]. 87 

The genetic factor associated with CD are the alleles of the human leukocyte antigen (HLA) 88 
gene system which is responsible for encoding proteins that regulate the adaptive immune 89 
system.  The HLA mostly associated with CD is HLA-DQ2 and less commonly, HLA-DQ8[24].  90 
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HLA-DQ2 and HLA-DQ8 can bind negatively charged gliadin peptides modified by the enzyme 91 
transglutaminase 2 (tTG, TG2).  This activates gluten specific (CD4+) T lymphocytes from the 92 
mucosa on the lamina propria triggering excretion of proinflammatory cytokines causing 93 
mucosal inflammation, atrophy of the small intestine villi and increased gut permeability[25].  94 
The resulting anti-tTG and endomysial antibodies are the main serological marker associated 95 
with CD.  CD diagnosis must be confirmed by duodenal biopsy [26].  Carrying HLA-96 
DQ2/HLA-DQ8 genes are a key, but not sufficient, component of genetic susceptibility to 97 
developing CD [22]. Treatment is lifelong adherence to a strict GFD and although oats are 98 
generally considered safe for most people with CD [27]; it appears to cause sensitivity for some 99 
people [28] most likely due to contamination with wheat, barley or rye during the production 100 
chain [29].  For the majority of individuals with CD after GFD symptoms subside and villi 101 
recover [30].  However, despite strict GFD some people with CD experience persistent 102 
gastrointestinal (GI) and extraintestinal (EI) symptoms [31]. 103 

 104 
1.4 Non coeliac gluten sensitivity 105 

 106 
Non coeliac gluten sensitivity (NCGS) is a controversial condition [32] and the 107 

pathophysiology remains unclear. However, NCGS has been legitimised and three international 108 
conferences [33, 34] have provided consensus on the definition of NCGS and the criteria for 109 
diagnosis [35, 36]. NCGS appears  more common than CD [36, 37] with an estimated prevalence 110 
in the general population of 13% [33, 38]. Although GI symptoms are similar to CD there is little 111 
or no mucosal damage [24] and the serological markers that are effective in diagnosing CD are 112 
not detectable in NCGS [24]. As with CD, removing gluten from the diet results in improvement 113 
of symptoms and reintroduction leads to relapse [35]. 114 

Neurological dysfunction associated with GS was originally thought to be due to 115 
malabsorption, but further research has discovered inflammatory cells in histopathological 116 
results of individuals with gluten sensitivity and neurological manifestation and the theory of an 117 
innate immune mechanism has emerged [33, 39].  In contrast, CD involves both innate and 118 
adaptive immune responses [21]. 119 

The EI manifestations of NCGS affect the nervous system, skin and musculoskeletal system 120 
[40] and may also include the reproductive system [41].  A number of studies have explored 121 
gluten sensitivity with EI manifestations such as tiredness, headache, brain fog [42, 43] and 122 
neurological and psychiatric disorders such as ataxia [44], anxiety and depression[45] [46] [47]  123 
schizophrenia [48] and epilepsy [49].  For most patients with a neurological manifestation of GS, 124 
there are no GI symptoms [50]. Less than 10% of patients with gluten ataxia experience GI 125 
symptoms [51]; just over a third will be negative for deaminated-gliadin peptide and tTG2 126 
antibodies [52] but almost three quarters will have circulating antibodies to tissue 127 
transglutaminase-6 (TG6) which is primarily associated with the brain [52] and has been 128 
associated with CD, epilepsy and cerebral calcifications (CEC)[53]. 129 

 130 
1.5 Association between epilepsy and coeliac disease 131 

 132 
A meta-analysis on epilepsy and systemic autoimmune disorders suggests that people with 133 

epilepsy have a 2.6-fold increased risk for CD [54].  In contrast, a large study of people with CD 134 
reported a 1.4-fold increased risk of epilepsy [55, 56].  However, this number could be higher 135 
given that many people with CD do not have gastrointestinal symptoms [57].  Some studies 136 
suggest epilepsy is the most frequent disorder associated with CD  [42, 58]. 137 

Developments in the understanding of the role of gluten and the gut brain axis [57] has 138 
provided a basis for exploring the possibility of supporting epilepsy management through the 139 
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GFD.  GFD has resulted in a reduction in seizures in some cases [59, 60], particularly those with 140 
temporal lobe epilepsy and hippocampal sclerosis [49].  Other case studies have shown complete 141 
remission of intestinal and central nervous system manifestations (including 142 
electroencephalogram abnormalities associated with seizures) after a GFD, that reappeared after 143 
gluten reintroduction [61]. Hence the aim of this review was to assess the effects of a GFD in the 144 
management of epilepsy in people with CD or GS. Strict, lifelong GFD is the cornerstone of 145 
treatment for CD. 146 

 147 
1.6 Microbiome  148 
 149 
 Recent evidence from both animal studies and human case studies suggests an imbalance in 150 
the microbiome in the gut (known as dysbiosis) may be associated with certain forms of epilepsy 151 
[62]. This is an emerging area for research and further work is needed to understand associations; 152 
however, it is also recognised that alterations in microbiome may be involved in the 153 
immunopathology of CD as there is evidence that gastrointestinal infection and microbiome 154 
alterations are associated with the onset or activity of CD [63]. Differences in the composition of 155 
the microbiome between patients with CD and patients without it have been reported [64] 156 
although no standard CD microbial profile has been identified. 157 

2. Methods 158 

The research strategy was a stand-alone literature review and a systematic approach was 159 
used. A systematic review is widely referred to as the ‘gold standard’ review [65].  Literature 160 
review also provides a broad overview on many studies to produce a comprehensive picture of 161 
that topic which is not possible in a single study [65] and can also be particularly useful to inform 162 
and support policy and practice [66]. An ethical checklist was completed, but as it was a review 163 
it did not need full ethical approval. 164 

A search was conducted on the International Prospective Register of Systematic Reviews 165 
held by the University of York’s Centre for Reviews and Dissemination: PROSPERO [67]. No 166 
existing, current, or planned systematic reviews regarding GFD and epilepsy were revealed.  An 167 
attempt was made to register this review with PROSPERO before the data extraction. Data 168 
extraction/analysis in this study was undertaken by a single researcher under supervision, so it 169 
did not satisfy the requirements for registering with PROSPERO. This review was however 170 
conducted in accordance with the Preferred Reporting Items for Systemic Reviews and Meta-171 
Analyses (PRISMA)[68]. 172 

3. Data Collection  173 

Five electronic databases were searched: PubMed, Scopus, Google Scholar, Cochrane 174 
Epilepsy Group specialised register and the Cochrane Register of Controlled Trails (CENTRAL) 175 
via the Cochrane Register of Online Trials (CRSO). Reference lists from published articles or 176 
systematic reviews were hand searched. Covidence software was used for data storage.  Boolean 177 
operators were used: (Epilepsy/ OR Epileptic/ OR Epileptiform*/ OR Neurological/ OR Seizure/ 178 
OR Seizures/ OR Convulsions/ OR Absence/ OR EEG*) AND (Gluten/ OR Gluten-Free/ OR 179 
Gliadin Antibodies/ Gluten-free/ OR Transglutaminase/ OR TG6* / OR Coeliac/Celiac) NOT 180 
Autism. The review was restricted to intervention studies reporting the effects of GFD on epilepsy 181 
or the effect of gluten on seizure activity. To ensure transparency and reduce the risk of bias, 182 
predefined inclusion and exclusion criteria were applied. 183 

Table 1. Inclusion criteria. 184 
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Location Worldwide 

Language English 

Population 

No age restriction, people with a diagnosis of idiopathic epilepsy (irrespective of seizure type); 

people with seizure disorders and CD with seizure-related neurological abnormalities 

Animal studies/models investigating gluten and seizure/epileptiform activity EEG  

Intervention Gluten-free diet 

Comparisons No intervention 

Setting No restriction 

Outcomes 

Any of the following: 

Reduction in seizures 

Reduction in medication 

Reduction in EEG abnormalities 

Adverse reactions 

Cognitive or behavioural outcomes 

Quality of life outcomes 

Study design 

 RCTs – if available 

 Cohort studies 

 Observational studies.   

 Case Series (Included due to paucity of research) 

Exclusion criteria: 185 
 Non-English language papers 186 
 Include participants with other neurological conditions 187 
 Include other known antiepileptic intervention 188 
 Participants with known cause epilepsy 189 
 Non-reporting of compliance to GFD 190 

The following data was collected: 191 

 Participant characteristics: age, sex, number of participants 192 
 Study characteristics: Country, study design, controls, outcomes measured 193 
 Seizure type 194 
 Duration of GFD 195 
 Method of measuring adherence to GFD 196 
 Length of follow up 197 

 Outcome results 198 

Data was extracted prior to quality assessment to reduce risk of bias [67]. Full text papers of 199 
all potentially eligible literature were obtained and assessed using the Critical Appraisal Skills 200 
Programme (CASP) framework[69].  Data was summarised using tables and narrative synthesis.  201 

4. Results 202 

668 articles were identified (Figure 1) and exported to Covidence. Duplicates were removed; 203 
351 articles remained.  Articles were screened (title and abstract), resulting in removal of a 204 
further 308.  The full-text of 43 articles was read to assess eligibility; inclusion and exclusion 205 
criteria were applied.  29 articles were excluded at this stage, with reasons for exclusion detailed 206 
in the Supplementary Information. A total of 12 articles were reviewed, all investigating CD and 207 
epilepsy in which all participants had biopsy proven CD (see table XX Selected Studies 208 
Participant Characteristics, which also provides further details on serological testing if it was 209 
undertaken). None of the included studies investigated epilepsy in gluten sensitivity. The 210 
selection process has been summarised (Figure 1).  211 

Across the 12 studies reviewed, a GFD was effective in 45 44 out of 70 participants in terms 212 
of a reduction of seizures, reduction of AEDs or normalisation of EEG pattern.  The earlier the 213 
GFD is implemented after the onset, the better the likelihood of the GFD being successful in 214 
supporting the control of seizures. 215 
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The possible mechanisms involved include, reduced inflammation, resulting in improved 216 
gut function which facilitates better absorption of AEDs and nutrients, and reduced gluten 217 
induced neurotoxicity. Seizures or EEG abnormalities associated with CD include all seizure 218 
types.  The association between CD and the distinct syndrome ‘CEC’ are well established, but 219 
CD can be associated with seizures or EEG abnormalities without calcifications or hippocampal 220 
sclerosis. GI symptoms are not always present and often the EI manifestation is the only 221 
presenting symptom of CD.  There was a low risk of adverse effects of the GFD in these studies. 222 

All the included studies support a link between epilepsy and CD [70] [71] [72] [73] [74-76] 223 
[77, 78] [79] [80, 81]. Adverse outcomes were reported in 2 studies although this is not necessarily 224 
a result of the GFD [70, 72].  Gobbi et al. [70] observed that GFD was more effective in controlling 225 
seizures if implemented near the onset of epilepsy, and in childhood. 226 

Gerace et al. [80] using mouse models, demonstrated a correlation between neurotoxicity of 227 
proteins associated with gluten: peptide 31-43 and epilepsy.  It was shown that the presence of 228 
the gliadin peptide 31-43 in the brain, particularly in the hippocampus, where seizures often 229 
originate[82], increases the effect of kainate [80]. Kainate suppresses GABA release which is the 230 
principal inhibitory neurotransmitter, whilst activating receptors for glutamate; the principal 231 
excitatory neurotransmitter in the central nervous system [82].  The researchers hypothesized 232 
that transglutaminase activity could mediate the toxic effect of kainate.  Hippocampal slices 233 
were incubated for 24 hours with peptide 31-43 and it was observed that this significantly 234 
increased the expression of TG2/TG6 [80]. As a control, the same experiment was performed 235 
using maize zein with no effect. 236 

Volta et al. [73] investigated the presence of anti-neuronal antibodies in adult CD patients 237 
with EI symptoms (three with epilepsy), after more, or less prompt, start of a GFD.  Anti-238 
neuronal antibodies to CNS were detected in 13 (61%) of the patients with EI symptoms, 239 
including two out of the three patients with epilepsy [73].  Compared with only 1 of 20 (5%) of 240 
patients without EI manifestions [73].  Furthermore, after GFD, the two out of three patients with 241 
epilepsy, who also had CD with GI symptoms, experienced complete cessation of seizures [73]. 242 
The third patient with epilepsy, who had CD without GI symptoms, was unaffected by the 243 
GFD[73].  The authors report that the anti-neuronal antibodies disappeared in most cases (6 out 244 
of 8), within a year of starting the GFD [73]. 245 
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Figure 1: Prisma flow diagra247 
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4 studies investigated GFD and EEG patterns [72, 77, 78, 83].  The study by Liccheta et al.  249 

[74] recorded EEG pattern before the GFD but unfortunately this was not followed up/reported.  250 
Berio et al. [83] documented normalisation in 5 out of 6 previously abnormal EEG in patients with 251 
good compliance; in contrast with 5 out of 6 patients with poor compliance with GFD who 252 
showed abnormal EEG pattern. Five of the included studies document AED use [72, 74, 76, 79, 253 
81]. However, only two studies documented the effect of GFD on AEDs [79, 81]. 254 

Arroyo et al. [72] study focused on 24 patients with CEC syndrome, all with calcifications.  255 
After GFD, there was no change in calcifications of 10 patients; decreased white-matter density 256 
in 7 patients, of which 3 further improved with a marked reduction or disappearance 6-12 months 257 
after starting the GFD [72].  Arroyo et al. [72] postulate that the reduction/disappearance of the 258 
hypodense areas in the white matter and the stabilising of calcifications, together with improved 259 
seizure control relate to improved intestinal absorption.  The authors do not clarify whether this 260 
relates to improved absorption of nutrients, or AEDs (all patients were on AEDs). 261 

5. Discussion  262 

5.1 Main findings 263 

 264 
All authors discussed the potential theories regarding gluten and epilepsy, but only the 265 

study by Gerace et al. [80] sought to explore a possible mechanism underlying the relationship 266 
between gluten and epilepsy and gluten related diseases, as the purpose of the study.  Although 267 
the mechanisms underlying the association between CD and epilepsy are not fully understood, 268 
three principal hypotheses for potential mechanisms for the association between gluten and 269 
epilepsy which have been identified by this study.  The hypotheses that emerged are: 270 
1. Gluten mediated toxicity; 271 
2. Gluten involved immune-induced cortical damage; and 272 
3. CD related malabsorption of nutrients.  273 

 274 
5.1 Gluten mediated toxicity 275 
 276 

Researchers have proposed the theory that gliadin might have a direct toxic effect on the 277 
nervous system and specific brain cells [84]. The only study included in this review that explored 278 
gliadin toxicity and seizures, was Gerace et al. [80].  The remaining studies acknowledge toxicity 279 
as a potential mechanism linking epilepsy with CD.  Gliadin toxicity leading to neuronal 280 
damage was suggested [81].  Although kainate is not a cause of seizures in human cases, the use 281 
of animal models in this way to replicate epilepsy is generally considered highly valid because 282 
they closely reproduce the symptoms and biochemical characteristics of the human disease [85]. 283 
Some researchers have theorised that antibodies related to CD may be toxic for neurons and 284 
trigger the development of epilepsy [59, 86].   285 

 286 
5.2 Gluten involved immune-mediated mechanism 287 
 288 

Several studies indicated immune-mediated mechanism linking gluten with epilepsy [72, 73, 289 
76, 77, 79, 83]. Research by Pratesi et al. [87] showed antibodies of CD patients with EI symptoms 290 
significantly reduced after GFD, yet other studies have not confirmed theses findings [88, 89].  291 
The study by Volta, et al. [73] provides support for an autoimmune mechanism linking CD with 292 
epilepsy. Autoantibodies TTG, endomysium and antireticulum have reduced with GFD in 293 
patients with epilepsy [90-92]. 294 
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Microbiota and microbiota-derived chemicals, including gut peptides regulate 295 
communication between the immune, endocrine, autonomic and enteric nervous systems [93]. 296 
Changes in microbiomes were also seen in a small study of short term GFD [94].  Gut microbe 297 
dysregulation could contribute to serotonin dysregulation, as serotonin modulates the cortical 298 
excitation/inhibition and imbalance may lead to altered seizure threshold[95]. However, due to 299 
the highly individualised pattern of intestinal microbiota, the effect of a GFD on gut microbiota 300 
cannot be extrapolated from one population to another [96].  Gut microbiome dysbiosis may be 301 
involved in the aetiology of epilepsy [97] due to gut microbiota modulation of proinflammatory 302 
T-Cell responses, notably cytokine production, leading to epileptogenesis [98].     303 

Gluten in CD causes an adaptive immune response triggering immune cell activation 304 
resulting in an increase in proinflammatory cytokines [99]. Increased gut permeability due to this 305 
immune response results in increased neuroinflammation and dysfunction of the blood-brain-306 
barrier leaving the brain vulnerable to gliadin and antigliadin antibodies and antineuronal 307 
antibodies [100]. Gliadin has been shown to trigger zonulin which modulates not only intestinal 308 
permeability but also blood brain barrier permeability [101].  Preliminary animal studies have 309 
shown antigliadin antibodies cross react with synapsin which it is proposed could alter seizure 310 
threshold, providing a potential mechanism for neurological symptoms [102]. 311 

Increased levels of cytokines (interleukin 6) in serum or cerebral spinal fluid have been 312 
observed in people with epilepsy [103] Activation of astrocytes and microglial cells has been 313 
linked with major proinflammatory pathways in temporal lobe epilepsy [103]. Studies have 314 
demonstrated involvement of chemokines and proinflammatory cytokines in the upregulation of 315 
genes associated with immune and inflammatory pathways [104].  Although not fully 316 
understood, evidence suggests that gliadin triggers upregulation of neuronal response to nerve 317 
stimulation in some people.  TG6 linked to gluten ataxia [52] and TG6 antibodies have also been 318 
associated with CD, epilepsy and cerebral calcifications [53]. High serum anti-tTG antibodies 319 
were observed in participants with epilepsy, demonstrating a general stimulation of both innate 320 
and adaptive immune response via T cells due to gluten [75, 81].  Furthermore, autoimmune 321 
disorders are often comorbid with epilepsy[105]. 322 

 323 
5.3 Malabsorption 324 

 325 
Malabsorption caused by CD has been proposed as a potential mechanism contributing to 326 

the pathogenesis. Specifically, low levels of folic acid, vitamins B12, D and E have been 327 
suggested[106]. Hypocalcaemia has been linked with the development of epilepsy [107].  328 
However, some studies have shown that epilepsy can occur without malabsorption [87, 108]. 329 
Casciato et al. [76] reported symptoms of vitamin B12 and folate deficiency. Vitamin B12 is 330 
important for white matter formation and formation of the myelin sheath.  It is hypothesized 331 
that if this is compromised it could result in disruption of conductivity of nerves contributing to 332 
reduced seizure threshold[71].  Isikay et al. [77] found folic acid levels were lower in a newly 333 
diagnosed CD group. The association between low serum and CSF folic acid and CEC was also 334 
observed when CD diagnosis is delayed [106]. In a study of 24 patients with CEC, it was 335 
suggested that the reduction/disappearance of the hypodense areas in the white matter and the 336 
stabilising of calcifications, together with improved seizure control relate to improved intestinal 337 
absorption, possibly of folate [72].  Although, as all participants were on AEDs perhaps 338 
improved absorption of AEDs might be a factor.  Increased serum AEDs were reported by 339 
Hernandez et al. [71]. Poor absorption of AEDs has been seen in people with CD [107]. 340 

 341 
5.4 Timing of commencement of GFD 342 

 343 
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Studies confirm that prompt implementation of GFD produces improvement/resolution 344 
[109, 110]. This is possibly because the longer duration of both conditions might result in 345 
irreversible neurological or intestinal damage. 346 
 347 
5.5 GFD and AEDs 348 
 349 

 Hernadez et al. [71] found that GFD improved plasma levels of AEDs.  Casciato et al.  350 
[76] found a rate of 50% positive response to GFD.  AED use was documented in 5 out of the 12 351 
studies included in this review [72, 74, 76] [79, 81].  Only 2 studies investigated the effect of a 352 
GFD on AED use, both of the studies reported that after the GFD, AEDs were found to be reduced 353 
or discontinued in all of the patients [79, 81].  Several case studies have reported GFD resulted 354 
in reduction of AEDs [109].   355 
 356 
5.6 EEG 357 

 358 
Licchetta et al. [74] observed a wide range of EEG variations consistent with the findings of 359 

other studies [90, 111, 112].  Isikay et al. [77] noted a positive correlation between tTG levels and 360 
EEG abnormalities in both asleep and awake EEG.  This is similar to findings in a study by 361 
Emami, et al. [92].  Although the overall sample size across the included studies was small, GFD 362 
was associated with varying degrees of favourable reduction in abnormalities in all the included 363 
studies [72, 77, 78, 83, 113]. See Table 2. However, hyperexcitability was observed in one 364 
participant despite a GFD [81]. EEG pattern is not disease specific [78]. Abnormalities are 365 
indicative of potential epilepsy, and although this can be the case, epilepsy is not the only 366 
condition suggested by unusual EEG pattern.  For example, endocrine disorders can also show 367 
similar EEG irregularities [78, 114]. The protocols for EEG recording in the papers included in 368 
this review, were not the same, which also limits comparison. 369 
 370 
5.7 GFD and multidisciplinary team management 371 
 372 

A GFD may result in nutritional deficiencies if poorly implemented and there is evidence 373 
that it can be associated with high sugar and low fibre intake if poorly planned [115].  Studies 374 
highlight nutrient imbalances when following GFD, particularly in adolescents.  GFD can lead 375 
to high consumption of lipids and protein and low carbohydrate intake [116], low intake of 376 
calcium, fibre and particularly in adolescent girls, low intake of iron [117].  GFD is indicated as 377 
a risk factor for metabolic syndrome [117].  It should be noted that no information was provided 378 
on the nutritional status of participants in the studies included in this review.  Therefore, further 379 
studies or research in this area could potentially be improved by consideration of nutritional 380 
status. Nutrition professionals are also a useful resource providing information, education, and 381 
support for those following a GFD.  There is concern regarding self-administration of nutritional 382 
supplements and drug interactions for people with epilepsy [118], hence multidisciplinary team 383 
working is recommended and interactions need to be checked. It should be noted sodium starch 384 
glycolate can contain gluten and can be used as an excipient in AEDs. GFD has a high rate of non-385 
adherence [119].  Studies have shown that when whole families are following the GFD, 386 
transgressions are more likely than when only one member of the family is following the GFD 387 
[120].  Non-adherence is also higher among teenagers [120].  388 
 389 
5.8 Limitations 390 
 391 



  

 11 

Overall there is a paucity of data in this area and none of the studies in this review are 392 
randomized controlled trials, the included studies are predominantly single centre studies and 393 
they treat epilepsy as a single disorder, whereas it is highly heterogeneous. They are also limited 394 
by small numbers of participants which limits generalizability [120]. Furthermore, the 395 
participants were preselected, having either epilepsy and CD or CD with differing methods used 396 
for CD diagnosis with seizures and all but three were without a control population creating 397 
further limitations for comparability and generalizability [121]. Additionally, whilst imaging 398 
would not be used as a diagnostic test for epilepsy, it may be used to rule out tumours or 399 
calcification,  imaging was not used in many of the studies. The studies are from five different 400 
countries but most (n=7) from Italy, which also limits generalisability. Moreover, no standardised 401 
GFD protocol exists.  Three studies described the method of adherence to GFD [74, 76, 121]. 402 
There were differences in length of GFD in each study and methods of measuring adherence. 403 
Compliance with GFD is challenging because gluten is present in many food products [79].  404 
Additionally, for people with CD it is generally accepted that GFD must be permanent.  405 
Although, some studies have shown that some people with CD can experience symptom 406 
resolution despite transgressions from GFD [122].  Strict adherence to the GFD is critical to 407 
assessing whether the intervention might work but, studies show that non-compliance is high 408 
[123].   All the included studies in this review, implied adherence to GFD but there was a lack 409 
of information as to how adherence was assessed.  Only 2 of the studies explicitly stated 410 
serological or histological testing to assess compliance with GFD [76, 120].  411 

   412 
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Table 2. Study results summary. 

Study 

Number of 

participants on 

GFD 

Method of Measuring Adherence 

to gluten-free diet 

Outcome Seizure 

Reduction 

Outcome 

AED Reduction 

EEG 

before 

GFD 

EEG after GFD Adverse Outcome 

Arroyo 

2002 
24 

Patients described as compliant 

with diet in group 3 and implied for 

other patients 

 

Authors comment on patients who 

had not strictly followed the diet 

which indicates adherence was 

monitored 

11 patients (45.8%) on AED 

became seizure free before 

GFD 

 

 

9 patients (37.5%) who were 

on AED became seizure free 

after introduction of GFD 

not documented 

 

15/32 

normal 
20/32 normal 

4 patients on an AED 

had uncontrolled 

seizures  

 

3 developed epileptic 

encephalopathy despite 

GFD 

Bashiri 

2016 
7 

Intestinal biopsy repeated 3 months 

after starting GFD  

6 patients became seizure 

free 

 

1 patient seizures controlled 

AEDs 

discontinued in 6 

patients 

 

AED reduced by 

half in 1 patient 

n/a n/a None reported 

Berio 

2015 

 

12 
Groups differentiated good/poor 

compliance 
n/a n/a 

not 

measured 

5/6 normal with 

good compliance 

to GFD 

5/6 abnormal with 

poor compliance 

None reported 

 

Casciato 

2015 

10 

 

 

Serological and histological testing 

2 patients non-

compliant GFD 

1 patient lost at 

follow-up 

 

Of the remaining 7 

patients: 

3 patients became 

seizure free 

3 reduction in 

number of seizures 

1 no change 

Not reported 10 abnormal Not measured None reported 
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Gobbi 1992 

29 

 

20 

followed 

up 

 

Adherence assumed. Authors state 

patients were ‘prescribed’ a GFD 

 

 

4 patients seizures 

decreased by more 

than 50% 

 

6 patients seizure 

free; 

 

9 patients no change 

 

 

 

not reported 
4 normal 

25 abnormal 
Not measured 

1 patient 

increased 

seizures >50% 

Hernandez 

1998 
4 

Monitored and reported 

 

Poor compliance noted 

Patient 1: seizure 

frequency decreased 

by 30% 

Patient 2: seizure 

free 

Patient 3: seizure 

frequency decreased 

by 10% 

Patient 4: seizure 

frequency decreased 

by 50% 

not reported 4 abnormal Not measured None reported 

Isikay 2015 

132 

patients 

99 

controls 

Notes ‘effective GFD’ for formerly-

diagnosed CD patients and ‘ineffective 

GFD’ for newly-diagnosed CD patients 

 

 

n/a n/a 

4 new patients 

abnormal 9.3% 

2 former 

patients 

abnormal 1.5%  

1 control case 

abnormal 1% 

All normal, including case 

control which spontaneously 

normalised 

None reported 

Liccheta 

2011 
8 

Control visit interviews in the last 12 

months to assess compliance 

5 patients no clinical 

benefit 

1 patient reduced 

seizure frequency 

1 patient seizure 

free. 1 not F/U 

 

Not reported 8 abnormal Not reported None reported 

Parisi 2014  19 
Complete adherence confirmed by 

parents 
n/a n/a 9 abnormal 

1 abnormal  

1 unknown (parents refused 

follow-up EEG) 

7 normal (77.7%) 

None reported 
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Sel 2017 5 
Adherence implied. 

Reported non-compliance in 1 patient  

3 patients stopped 

AEDs 

1 due to stop AED’s 

3 patients 

stopped 

AEDs 

1 due to stop 

AEDs 

4 abnormal 

1 normal 
 None reported 

Volta 2002 3 
Monitored, recorded and reported in 

paper 

2 patients improved, 

1 patient not. 
n/a n/a n/a None reported 
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Table 3 Characteristics of participants in studies selected for review 

Study Mean 

age 

(years) 

Sex  

f/m 

Mean age 

at seizure 

onset 

(years) 

Seizure type  Seizure 

frequency 

 

EEG  AEDs Gastrointestinal 

symptoms 

Coeliac 

Disease 

Arroyo 2002 

 

11 

 

 

22/10 6.13  

 

 

31 partial  

1 generalised tonic-

clonic 

Most patients: 

monthly or less 

 

3 patients daily 

19 normal 

13 abnormal 

 

Yes, all Absent or rare at 

time of CD diagnosis 

but chronic diarrhoea  

in all cases, 

appearing at mean 

age 2.8 years,  

preceding seizure 

onset 

Yes 

 

Biopsy 

proven 

Bashiri 2016 30.2 3/4 16.2 46% generalised 

tonic-clonic 

 

38% complex partial 

 

 

3 patients weekly 

 

4 patients monthly 

Not measured Yes, all  No Yes 

 

IgA serum 

antibodies 

 

Biopsy 

proven 

Berio 2013 10-44 Not 

reported 

No seizures n/a n/a 5 normal 

6 abnormal 

1 not measured 

n/a Not reported Yes  

 

anti-tTG 

serum 

antibodies 

and/or 

biopsy 

proven 

  

Commented [JB1]: New table moved from supplementary 
information in response to reviewer comments – to be 
formatted as table 2 
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Casciato 2015 31.5 9/1 21.4 6 generalised tonic-

clonic 

 

4 partial 

2 patients daily 

3 patients weekly 

5 patients monthly 

10 abnormal Yes, all  yes 3 

 

Yes 

 

IgA/IgG-

Ttg,IgA/IgG-

DGP, & IgA 

EMA serum 

antibodies 

 

biopsy 

proven 

Gerace 2017 n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Gobbi 1992 16.4 28/15 4.5 5 generalised tonic-

clonic 

24 partial 

8 patients >1/day 

7 patients >1/week 

5 patients 

>1/month 

 

4 normal 

25 abnormal 

Not 

reported 

yes 26 

no 3 

Yes 

Biopsy 

proven 

Hernandez 

1998 

18 1/3 7 3 partial 

1 generalised tonic-

clonic 

2 patients > 1/day 

1 patient > 1/week 

1 patient = 1/week 

4 abnormal Not 

reported 

yes 2 

no 2 

Yes 

Biopsy 

proven 

Isikay 2015 10.6 76/56 n/a n/a n/a 4 new patients 

abnormal 9.3% 

2 former patients 

abnormal 1.5%  

1 control case abnormal 

1% 

n/a yes 121 

no 11 

Yes 

Biopsy 

proven 

Liccheta 2011 25.7 7/1 12.85 8 partial 2 >daily 

3 daily 

2 weekly 

1 yearly 

8 abnormal Yes, all no Yes 

Biopsy 

proven 
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Parisi 2014 9.82 16/3 No seizures n/a n/a 9 abnormal 

 

After 6 months GFD 

EEG abnormalities 

in 1 patient and 1 

patient unknown as 

parents refused 

follow-up EEG 

n/a Not reported Yes 

Biopsy 

proven 

Sel 2017 6.4 0/4 4.5 2 generalised 

tonic-clonic 

2 partial 

1 no seizures 

(EEG 

abnormalities 

only) 

not documented all normalised 4 out of 5 no Yes 

Biopsy 

proven 

Anti-tTG 

serum 

antibodies 

Volta 2002 32 3/0 23 1 complex partial 

temporal lobe 

1 simple partial  

 

1 generalised 

absence 

not documented not measured not 

documented 

1 yes 

2 no 

Yes 

Biopsy 

proven 

IgaAGA, 

IgAEMA, 

IgA h-

tTGA 

serum 

antibodies 
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Placebo and nocebo effects of interventions are widely reported in health research [79].  No 2 
reference was made to this in the studies included in this review, and therefore it is a factor that 3 
affects the reliability. Adherence to existing AED regime was not reported and is therefore a 4 
confounding variable and no information about other medications that the participants may be 5 
taking.  Overall, there is a paucity of research in this field and none of the studies in this review are 6 

randomised controlled trials. Consequently, the risk of bias is high and affects the overall quality of 7 
evidence available for review. 8 

6. Conclusions 9 

Mechanisms linking gluten with epilepsy are not fully understood but possible hypotheses 10 
include gluten mediated toxicity, gluten involved immune-induced cortical damage and CD related 11 
malabsorption of dietary nutrients or AEDs. Evidence suggests the effectiveness of a GFD in 12 
supporting management of epilepsy when co-morbid with CD, although due to inherent low quality 13 
and limitations in methodology, a cautious approach is necessary. There appears to be a growing 14 
number of neurologists who are prepared to advocate the use of a GFD; hence multidisciplinary 15 
approaches to care are recommended. It could be argued that when balancing potential treatments 16 
for epilepsy such as AEDs or surgery with associated side-effects, a well-planned GFD has a low 17 
likelihood of harm. Papers about GS and epilepsy were not identified for inclusion in this review and 18 
therefore findings do not cover the area of GS and epilepsy. Although there is evidence that GS can 19 
at times be exclusively a neurological disease and it is established that patients can show neurological 20 
symptoms without gut involvement, this review did not identify studies regarding GS and seizures.   21 
Hence, further controlled studies are needed on both GS and epilepsy and CD and epilepsy with 22 
tighter protocols concerning education about a GFD before intervention and monitoring compliance 23 
with GFD. It is also recommended that research is undertaken to explore the association between GS 24 
and antigliadin antibodies and that there is further investigation of the relationship between tTG 25 
levels and epilepsy. 26 

Funding: This project was completed without any external funding.  27 
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