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Abstract
The risk of epileptic seizures seems increased in several systemic autoimmune
disorders including systemic lupus erythematosus, type 1 diabetes mellitus, myasthenia
gravis, celiac disease, rheumatoid arthritis, Hashimoto’s encephalopathy, psoriasis,
multiple sclerosis, neuromyelitis optica, and bullous pemphigoid. Immune dysfunction
may be partly responsible for this association. Elevated levels of pro-inflammatory
cytokines, autoantibodies seen in these autoimmune disorders and antibodies against
neuronal antigens may contribute to the etiopathogenesis of seizures and epilepsy
associated to immune conditions. Other unknown factors, the effect of different comorbid conditions of epilepsy as well as shared risk factors such as common etiological
factors, environmental triggers, or a common genetic predisposition may also explain
the association. We review different autoimmune disorders which may present with comorbid seizures and discuss possible underlying mechanisms of this co-occurrence
focusing on a potential role of immune system dysfunction.
Keywords: comorbidity, epilepsy, cytokines, lupus erythematosus, type 1 diabetes
mellitus

1. Introduction
Epilepsy is a common neurological condition with marked psychiatric and systemic
comorbidity. Recent evidence suggests that systemic auto-immune disorders are often
co-morbid with epilepsy (1). A meta-analysis reported an almost 3-fold increased risk of
epilepsy [odds ratio (OR): 2.66, 95% confidence interval (CI): 1.88-3.76] in people with
such disorders (2). Acute symptomatic as well as unprovoked seizures have been
reported in people with autoimmune disorders. Most seizures reported are either
convulsions or focal in nature (3-7).

The underlying mechanisms for a possible association between autoimmune disorders
and seizures are still unclear. All conceivable reasons for this association should be
considered including causal mechanisms or common risk factors such as shared
etiologies, environmental triggers or genetic predisposition which leads to either
conditions. Coincidental events cannot be ruled out as people with epilepsy and comorbid disease are more likely to be referred thus resulting in selection bias. This may
affect hospital based cohort studies but the link has also been seen in the general
population (8). Artefactual associations are therefore unlikely to explain the full picture.

1.1.

Immune system dysfunction as a causality mechanism in epilepsy

Cytokines are a group of small proteins with a major role in cell signaling in the immune
system including the central nervous system (CNS) where they can have inflammatory
or anti-inflammatory effects. Interferon (IFN)α, β and ɣ, tumor necrosis factor (TNF)α,
and high mobility group box (HMGB)1 are examples of cytokines with pro-inflammatory
effects, while fibroblast growth factor (FGF), interleukin (IL)1ra and IL10 are antiinflammatory. Pro-inflammatory cytokines may modulate neuronal activity by inducing
the release of neuroactive molecules such as nitric oxide and prostaglandins,
neurotransmitters and neurotrophins or by activating their receptors (9). An
immunohistochemical study of resected brain tissues in people with temporal lobe
epilepsy showed increased levels of IL1β compared to control samples (10). It has also
been showed that people with various epileptic syndromes including temporal lobe

epilepsy, focal cortical dysplasia, tuberous sclerosis, west syndrome and febrile
seizures have higher levels of pro-inflammatory cytokines compared to controls (11,
12).

Effectiveness of anti-inflammatory agents in the treatment of certain pediatric
syndromes (infantile spasms and electrical status epilepticus in sleep) also provides
circumstantial evidence for a role of inflammation in epileptogenesis (13,14). This may
parallel the clinical observation that stress may act as a trigger for seizures (15). Higher
cortisol levels seem to relate closely to the incidence of epileptiform discharges in those
reporting stress-sensitive seizures (16) and to impact negatively on functional
connectivity (17).

Another putative causative mechanism potentially explaining the association relates to
the role of antibodies causing encephalitis. Autoimmune epilepsy (AE) refers to an
encephalitis caused by autoantibodies to CNS proteins with seizures as one of the core
symptoms (18). Neuronal antigens can be intracellular or extracellular (19). Antibodies
to intracellular proteins may be generated by an immune response to tumor antigens
including CNS proteins. This onconeural association is weaker for antibodies with
extracellular targets, although it may vary per antibody type. Antibodies to extracellular
neuronal (or glial) surface antigens such as the N-methyl-D-aspartate (NMDAR), and
other glutamate receptors, leucine-rich glutamate inactivated 1 (LGI1), contactinassociated protein like 2 (CASPR2), a-methyl-4-isoxazolepropionic acid (AMPA),
dipeptidyl-peptidase-like protein 6 (DPPX), and gamma-amino butyric acid (GABA)
receptors, are thought to be directly pathogenic in AE. People with these antibodies
often improve with immunotherapy (20-22). This contrasts with the variable response to
immunotherapy in those with AE and intracellular glutamic acid decarboxylase (GAD)
antibodies (23). Some features in different types of AE may facilitate their diagnosis,
including faciobrachial dystonic seizures in anti-LGI1 encephalitis, extreme delta
brushes in anti-NMDAR encephalitis and multifocal MRI abnormalities in anti-GABAaR
encephalitis (18, 21,24).

In summary, two possible ties between immune dysfunction and epilepsy need
consideration: (1) proinflammatory cytokines that may lower seizure threshold and
trigger seizures when several factors coincide, (2) antibodies causing encephalitis.

1.2.

Other mechanisms

The likelihood of seizures due to other common etiological factors also needs
consideration. Examples include cardiovascular diseases in people with systemic lupus
erythematosus (SLE) and cortical thinning in individuals with multiple sclerosis (MS).
The co-occurrence of shared risk factors is also a possibility. Mutations in some genes
seem associated with the occurrence of epilepsy and type 1 diabetes mellitus (TIDM) or
SLE (25,26). It is also possible that environmental factors or treatment effects may play
a role. For example, tobacco smoking increases the risk of various autoimmune
disorders and is also more common in epilepsy (27,28). The high prevalence of
seizures in people with MS using baclofen is an example of an resultant mechanism
(29).

We review different autoimmune disorders which may present with co-morbid seizures
and discuss possible underlying mechanisms for this co-occurrence focusing on the
potential role of immune system dysfunction.

2. Method
A full search of PUBMED and GOOGLE SCHOLAR up to May 2018 identified any
report in which the prevalence of seizures in autoimmune disorders and the possible
mechanisms for this co-occurrence was examined. The search and revision was
independently conducted by two authors (MA and MS). Only articles in English were
reviewed. Search items included “seizure”, “epilep*”, “autoimmune disorders”, “systemic
lupus erythematosus”, “type 1 diabetes mellitus”, “myasthenia gravis”, “celiac disease”,
“rheumatoid arthritis”, “hashimoto’s encephalopathy”, “psoriasis”, “multiple sclerosis”,
“neuromyelitis optica”, and “bullous pemphigoid”. After identification of each relevant

article, the reference list was reviewed for further references. Gray literature was not
searched.

3. Systemic lupus erythematosus (SLE)
SLE is a multisystem autoimmune disease affecting mainly connective tissues. CNS or
peripheral nervous system involvement is referred to as neuro-psychiatric systemic
lupus erythematosus (NPSLE). A meta-analysis suggested that headache (28%);
followed by mood disorders (20%), cognitive dysfunction (20%), and seizures (10%)
were the commonest neuro-psychiatric symptoms in SLE (30).

Various reports indicated a high prevalence of seizures among people with SLE
(prevalence:1.6%-16%) (3,8,31-36); and from studies including controls they seem
higher than in the general population (8,33-36). A recent cross sectional study with over
5,000 people with SLE and over 25,000 controls found epilepsy 4.7 times more likely in
the SLE cohort (95% CI: 3.9-5.8%) (35). One retrospective cohort study also reported
that SLE was associated with 5.6-fold increased risk of epilepsy (36).
Younger age, history of stroke, African descent, history of psychosis, history of malar
rash, proteinuria, neuropathy and low levels of complement 3 (C3) seem associated
with increased seizure risk (33,35,37-39). Seizures are more likely to happen in the year
after the diagnosis of SLE (3,37) and are not explained by infection or antiphospholipid
syndrome (3). The presence of a seizure disorder affects the long term prognosis and
increases the risk of premature death (40).
Acute seizures may result from associated conditions such as hypertension and
posterior reversible encephalopathy (41) or from a direct CNS effect of SLE. People
with SLE seem more susceptible to ischemic stroke than controls (risk ratio (RR): 2.1)
(42). Vasculopathy (“lupus cerebritis”) triggering cortical and subcortical ischemic injury
(43) or emboli from comorbid conditions in SLE including valvular heart disease (44),
coagulopathy (45) or microembolic signals (46,47), may explain the increased risk for
ischemic injury. In a survey on 17 adults with SLE and epilepsy post-stroke epilepsy

appeared to be the most common cause (n=8) followed by mesial temporal sclerosis
(n=7) (48).

3.1.

Autoantibodies in SLE

A number of autoantibodies have been identified in SLE and some have been
suggested as specific marker of NPSLE (49). A recent meta-analysis identified the
highest risk factor for anti-neuronal antibodies including anti-NMDA NR2A (OR: 9.5)
(50). Risk for NPSLE was even higher if these antibodies were found in the CSF (OR:
37) (50). Other autoantibodies with increased prevalence in NPSLE compared to SLE
include antiphospolipid antibodies (APL) (OR: 2.1), lupus anticoagulants (OR: 1.9) and
anti-cardiolipin antibodies (OR: 1.6). Smaller sized cohort studies addressed the
association between antibodies and seizure disorders in SLE and suggested that
anticardiolipin (aCL), APL and anti Sm antibody may increase seizure risk (38,39,51),
conversely the presence of anti La antibodies might lower it (52). Large scale studies
are warranted to confirm this and to clarfy the exact pathomechanism. For example,
APL may play a role in the occlusive vasculopathy in NPSLE but might also exert direct
modulatory effects on the brain.

4. Type 1 diabetes mellitus (TIDM)
TIDM is an autoimmune condition characterized by pancreatic beta cells impairment.
Two large cohorts of people with newly diagnosed TIDM suggest that the risk of
developing epilepsy is up to three times greater than in controls (53-55). One population
study specifically addressed the association between TIDM and genetic generalised
epilepsy (GGE) and reported a fourfold increased risk for young adults with GGE (56).
TIDM appears to be particularly increased in those with an intellectual disability (54) and
those with epilepsy of unknown cause (7,57). In one cohort, almost all (96%) had focal
epilepsy and in most (80%) TIDM preceded seizure onset (7). Hypoglycemia induced
seizures appear to be rare and do not seem to explain the whole picture (58).

Once acute symptomatic seizures due to metabolic disturbances (see box) and
structural brain lesions are ruled out, neuronal antibodies could be considered in view of
the high prevalence of anti-GAD- antibodies in people with TIDM. Anti-GAD-antibodies
have been associated with various clinical presentations including stiff person
syndrome, autoimmune encephalitis, cerebellar ataxia and temporal lobe epilepsy. The
role of GAD in the TIDM and epilepsy association is not fully understood as it is yet
unknown how GAD antibodies may cause brain dysfunction. The major site of GAD
expression is the CNS. GAD is an intracellular enzyme. GAD-antibodies cannot access
the target molecule from CSF or serum (59). It has been postulated, however, that
prevention of GABA synthesis in the nerve terminal, reduction of GABA exocytosis and
binding to GABA receptors are possible mechanisms by which anti-GAD-antibodies
could increase seizure susceptibility (60). GAD antibodies are also very common in
TIDM and not all subjects with GAD antibodies are at risk of developing epilepsy. GAD
antibodies are found in approximately 85% of people with newly-diagnosed TIDM and in
about a third in those with a duration of more than 5 years (61). These figure exceeds
the prevalence rates of epilepsy in TIDM. Antibody levels are likely critical as only high
GAD levels have been associated with epilepsy (62,63). Case-series in TIDM also
reported an association between the GAD epitope pattern and the occurrence of
epilepsy (62,63). One recent case-control study indicated that TIDM was more likely in
people with epilepsy who were anti-GAD positive compared to those who were negative
(64).

5. Myasthenia gravis (MG)
MG is characterized by muscle weakness caused by antibodies directed against
proteins of the neuromuscular junction. The association between MG and seizure
occurrence is still controversial. One cohort study reported that about 3% of people with
MG had epilepsy (65). One population-based study has shown that the risk of epilepsy
in MG was 4.9-fold greater than expected (8). MG is associated with high levels of
cytokines (66) which could explain the possible association but hypoxia due to
respiratory failure causing CNS dysfunction or lesions may also play a role.

6. Celiac disease (CD)
CD is an immune-mediated disease affecting the intestinal villi. CD has a strong genetic
component, as most subjects with CD carry the HLA-DQ2 allele (67). Neurological
symptoms have been reported in about 10% of people with CD (68). Most hospital
based (69-71) as well as population-based studies (8,72,73) indicated that CD is
associated with an increased risk for epilepsy with ORs ranging from 1.4 to 4.5. The
increased risk for epilepsy was not confirmed in one hospital based study (74).

Neurotoxicity caused by gluten and deficiency of neuroprotective factors such as folate
and vitamin B12 are two possible etiologies for seizure occurrence. The co-occurrence
of celiac disease (C), epilepsy (E) and calcifications (C) notably of the occipital lobe is a
rare condition also known as CEC syndrome (75). Most cases reported are in children
in the Mediterranean region with occipital lobe epilepsy (76,77). Little is known yet about
the epilepsy characteristics of those presenting with CD and epilepsy without
calcifications. Several surveys suggest that the yield of screening for subclinical CD is
highest in those with occipital lobe epilepsy (76-78). One study showed that anti-gliadin
antibodies can cross-react with an important cytosolic neuronal phosphoprotein,
synapsin, which is associated with epilepsy (79). One recent population-based study
identified that more severe villous atrophy in CD was associated with a reduced future
risk of developing epilepsy (80). Further studies are needed to elucidate the mechanism
as to why atrophy protects against epilepsy.

7. Rheumatoid arthritis (RA)
RA is the most common form of autoimmune arthritis manifesting as a chronic
inflammatory disease with involvement of joints and synovial membrane. Two
population-based studies reported an increased risk of epilepsy in people with RA
compared with controls (8,81). The link between RA and epilepsy may be explained by
vasculitis (82), CNS infections (83) and the use of methotrexate (84) and sulphasalazine
(85). Increased cytokine levels may provide an alternative explanation. A recent
population-based study reported a higher risk of early or late childhood epilepsy through

maternal exposure to RA but not paternal exposure (86). The increased risk of epilepsy
in children of mothers with clinical RA was higher than in those with maternal preclinical
RA (90% vs. 30%). These findings may relate to fetal transmission of cytokines from
mother to child but has not been formally assessed.
8. Hashimoto’s encephalopathy (HE)
HE is a rare autoimmune encephalitis associated with thyroiditis and somehow
controversial. It is characterized by acute-subacute onset of neuropsychiatric
manifestations with elevated levels of anti-thyroid antibodies (ATA) including anti-TPO,
anti-TG and, sometimes, anti-TSH (87).

Seizures are the most frequent presentation occurring in up to two-third of individuals
(88). It has been postulated that ATA may affect the CNS by binding to astrocytes which
have also been identified in people with epilepsy without HE. Conversely, some
evidence cast doubt on the role of ATA causing HE. For example, reports suggesting
that ATA is commonly seen also in people free of neuropsychiatric symptoms (89,90).
ATA is not associated with HE severity and it is possible that it may be an autoimmune
epiphenomenon without considerable CNS effect (91). Vasculitis or a direct toxic effects
of thyrotropin releasing hormone (TRH) may also provide alternative explanations (92).
Overall, the exact pathogenesis of HE is unclear but its good response to steroids might
support a role of the immune system.

9. Psoriasis
Psoriasis is an immune-mediated disease characterized by scaly skin patches. The
association between psoriasis and epilepsy was first suggested by the increased use of
anti-seizure medications among people with psoriasis (93). One a recent populationbased study reported that the odds of epilepsy is 1.9 fold higher among people with
psoriasis compared to controls (8). Epilepsy characteristics have not yet been
ascertained. Cytokines play a critical role in the development of psoriasis but evidence
is lacking whether these changes predispose to epilepsy (94).

10. Multiple sclerosis (MS)

MS involves chronic and immune-mediated myelin destruction with axonal degeneration
and astrogliosis (95). The occurrence of seizures in people with MS has been reported
since the earliest definition of MS (96). Up to 2% of all cases develop epilepsy within 10
years after diagnosis of MS (97). An association between MS and epilepsy seems
plausible as evidence is accumulating that MS affects the grey matter even in the
earliest phase of the disease (98,99). Evidence also suggests enhanced expression of
various cytokines in MS lesions which might precipitate seizures (59). Approximately 23% of people with MS have epilepsy (100). Higher prevalences (up to 7%) have been
reported in those using intrathecal baclofen (29). Studies suggested an increased risk of
epilepsy in younger individuals and those with higher disease activity (101-103). People
with active epilepsy and relapsing remitting MS (RRMS) are more likely to have
secondary progressive MS compared to those with RRMS without epilepsy (102). The
occurrence of epilepsy in MS seems to be associated with cortical thinning particularly
of the temporal lobe, insular cortex and the cingulate gyrus (104).

10.1.

Neuromyelitis optica (NMO)

NMO is an autoimmune CNS disorder sharing many clinical features with MS. Antiaquaporin 4 (anti-AQP4) antibody seems to be associated with this condition. A small
scaled study indicated that epilepsy may be more common in NMO than in MS (105).
The presence of epilepsy was associated with poorer prognosis in both groups. As in
MS, brain lesions and possibly increased cytokine levels could explain the increased
risk for epilepsy. Animal studies indicated that AQP-4 dysfunction decreases seizure
threshold (106). Other anti-neuronal autoantibodies might also contribute as indicated
by a report of an individual with NMO with status epilepticus and anti-NMDA receptor
antibodies (107).

11. Bullous pemphigoid (BP)
BP is an immune-mediated blistering skin disease probably caused by autoantibodies
against hemidesmosomal proteins BP antigen 1 (BPAG1) (target: BP230) and BPAG2
(target: BP180 or type XVII collagen). Different neurological disorders, including
dementia, stroke, Parkinson’s disease and MS (108,109) have been reported as comorbidities of BP. A higher prevalence of epilepsy was also reported in some studies
(108-114).

BPAG1 has isoforms in skin and the CNS. Immunological cross-reaction of these
isoforms is strongly suggested as the etiology of this co-occurrence. Pro-inflammatory
cytokine levels seem to be increased in BP (115). These findings not only provide more
evidence confirming the role of immune system in seizure presentation but also can
suggest an immune basis of other neurologic disorders such as dementia.

12. Future Directions
Co-morbidities in epilepsy continue to be under-recognized and are often undermanaged (1). Systemic screening for autoimmune disorders and autoantibodies may be
beneficial particularly if not other clear cause or risk factor for epilepsy are present.
Studies on autoimmune disorders and their association with a high prevalence of
seizures may increase our understanding of epileptogenesis. Particularly longitudinal
studies are needed to understand whether the seizure or the autoimmune disorder
arose first. Cytokines and different autoantibodies may affect the brain and trigger
seizures but still little is known about the precise inflammatory cascades and how these
pathways can be modulated and in whom. AEDs have failed in the treatment of
significant numbers of people with epilepsy. Trying to understand why epilepsy is a comorbid condition in autoimmune disorders may also help finding new treatments for
epilepsy. Future studies are needed to identify subgroups that may benefit from
immunotherapy or anti-inflammatory drugs.

13. Funding sources
This review was not funded.

14. Acknowledgements
This work was partly done at NIHR University College London Hospitals
Comprehensive Research Centre, which receives a proportion of funding from the UK
Department of Health’s NIHR Biomedical Research Centres funding scheme. JWS
receives research support from the Dr Marvin Weil Epilepsy Research Fund and his
current position is endowed by Epilepsy Society, UK.

15. Conflict of Interest
MA and MS declare no conflicts. RDT receives research support from the Dutch
Epilepsy Fund, The Netherlands Organisation for Health Research and Development.
(ZonMW), Christelijke Vereniging voor de Verpleging van Lijders aan Epilepsie, The
Netherlands, NUTS Ohra Fund, Medtronic and AC Thomson Foundation and has
received fees for lectures from Medtronic, UCB and GSK outside the submitted work.
JWS has received research funding from Eisai, and UCB, personal fees from Eisai, Bial,
Janssen and UCB outside the submitted work.

References
1) Keezer MR, Sisodiya SM, Sander JW. Comorbidities of epilepsy: current concepts and
future perspectives. Lancet Neurol 2016; 15:106-15.
2)

Lin Z, Si Q, Xiaoyi Z. Association between epilepsy and systemic autoimmune diseases:
A meta-analysis. Seizure 2016; 41:160-6.

3) González-Duarte A, Cantú-Brito CG, Ruano-Calderón L, García-Ramos G. Clinical
description of seizures in patients with systemic lupus erythematosus. Eur Neurol 2008;
59:320-3.
4) Bashiri H, Afshari D, Babaei N, Ghadami MR. Celiac disease and epilepsy: The effect of
gluten-free diet on seizure control. Adv Clin Exp Med 2016; 25:751-4.
5) Vasconcellos E, Pina-Garza JE, Fakhouri T, Fenichel GM. Pediatric manifestations of
hashimoto's encephalopathy. Pediatr Neurol 1999; 20:394-8.
6) Poser CM, Brinar VV. Epilepsy and multiple sclerosis. Epilepsy Behav 2003; 4:6-12.
7) Keezer MR, Novy J, Sander JW. Type 1 diabetes mellitus in people with
pharmacoresistant epilepsy: Prevalence and clinical characteristics. Epilepsy Res 2015;
115:55-7.
8) Ong MS, Kohane IS, Cai T, Gorman MP, Mandl KD. Population-level evidence for an
autoimmune etiology of epilepsy. JAMA Neurol 2014; 71:569-74.
9) Iori V, Frigerio F, Vezzani A. Modulation of neuronal excitability by immune mediators in
epilepsy. Curr Opin Pharmacol 2016; 26:118-23.
10) Roseti C, van Vliet EA, Cifelli P, Ruffolo G, Baayen JC, Di Castro MA et al. GABAA
currents are decreased by IL-1β in epileptogenic tissue of patients with temporal lobe
epilepsy: implications for ictogenesis. Neurobiol Dis 2015; 82:311-20.
11) Saghazadeh A, Gharedaghi M, Meysamie A, Bauer S, Rezaei N. Proinflammatory and
anti-inflammatory cytokines in febrile seizures and epilepsy: systematic review and
meta-analysis. Rev Neurosci 2014; 25:281-305.
12) de Vries EE, van den Munckhof B, Braun KP, van Royen-Kerkhof A, de Jager W,
Jansen FE. Inflammatory mediators in human epilepsy: a systematic review and metaanalysis. Neurosci Biobehav Rev 2016; 63:177-90.

13) Inutsuka M, Kobayashi K, Oka M, Hattori J, Ohtsuka Y. Treatment of epilepsy with

electrical status epilepticus during slow sleep and its related disorders. Brain Dev
2006 ;28:281-6.
14) Hancock EC, Osborne JP, Edwards SW. Treatment of infantile spasms. Cochrane

Database Syst Rev. 2013; 6:CD001770.
15) van Campen JS, Jansen FE, de Graan PN, Braun KP, Joels M. Early life stress in

epilepsy: a seizure precipitant and risk factor for epileptogenesis. Epilepsy Behav
2014; 38:160-171.
16) Van Campen JS, Hompe EL, Jansen FE, Velis DN, Otte WM, Van De Berg F, et al.

Cortisol fluctuations relate to interictal epileptiform discharges in stress sensitive
epilepsy. Brain 2016; 139:1673-9.
17) Heijer JM, Otte WM, Diessen E, van Campen JS, Lorraine Hompe E, Jansen FE, et

al. The relation between cortisol and functional connectivity in people with and
without stress‐sensitive epilepsy. Epilepsia 2018; 59:179-89.
18) Bien CG, Holtkamp M. “Autoimmune Epilepsy”: Encephalitis with Autoantibodies for

Epileptologists. Epilepsy Curr 2017; 17:134-41.
19) Kelley BP, Patel SC, Marin HL, Corrigan JJ, Mitsias PD, Griffith B. Autoimmune

Encephalitis: Pathophysiology and Imaging Review of an Overlooked Diagnosis.
AJNR Am J Neuroradiol 2017; 38:1070-8.
20) van Sonderen A, Thijs RD, Coenders EC, Jiskoot LC, Sanchez E, De Bruijn MA, et

al. Anti-LGI1 encephalitis Clinical syndrome and long-term follow-up. Neurology
2016; 87:1449-56.
21) Thompson J, Bi M, Murchison AG, Makuch M, Bien CG, Chu K, et al. The

importance of early immunotherapy in patients with faciobrachial dystonic seizures.
Brain. 2017; 141:348-56.
22) Titulaer MJ, McCracken L, Gabilondo I, Armangué T, Glaser C, Iizuka T, et al.

Treatment and prognostic factors for long-term outcome in patients with anti-NMDA
receptor encephalitis: an observational cohort study. Lancet Neurol 2013; 12:157–
65.
23) Nakajima H, Nakamura Y, Inaba Y, Tsutsumi C, Unoda K, Hosokawa T, et al.

Neurologic disorders associated with anti-glutamic acid decarboxylase antibodies: A
comparison of anti-GAD antibody titers and time-dependent changes between
neurologic disease and type I diabetes mellitus. J Neuroimmunol 2018; 317:84-9.

24) Spatola M, Dalmau J. Seizures and risk of epilepsy in autoimmune and other

inflammatory encephalitis. Curr Opin Neurol 2017; 30:345-53.
25) Masia R, Koster JC, Tumini S, Chiarelli F, Colombo C, Nichols CG, et al. An ATP-

binding mutation (G334D) in KCNJ11 is associated with a sulfonylurea-insensitive
form of developmental delay, epilepsy, and neonatal diabetes. Diabetes 2007;
56:328-36.
26) Afeltra A, Amoroso A, Mitterhofer AP, Vadacca M, Galluzzo S, Francia A, et al. The

677C→ T mutation in the methylenetetrahydrofolate reductase (MTHFR) gene in
epileptic patients affected by systemic lupus erythematosus. Seizure. 2002 ;11:2504.
27) Perricone C, Versini M, Ben-Ami D, Gertel S, Watad A, Segel MJ, et al. Smoke and

autoimmunity: the fire behind the disease. Autoimmun Rev 2016; 15:354-74.
28) Torriani O, Vuilleumier F, Perneger T, Maeder M, Héritier-Barras AC, Vulliemoz S, et

al. Epilepsy and tobacco smoking: a cross-sectional study. J Neurol 2016; 263:205764.
29) Schuele SU, Kellinghaus C, Shook SJ, Boulis N, Bethoux FA, Loddenkemper T.

Incidence of seizures in patients with multiple sclerosis treated with intrathecal
baclofen. Neurology 2005; 64:1086-7.
30) Unterman A, Nolte JE, Boaz M, Abady M, Shoenfeld Y, Zandman-Goddard G.

Neuropsychiatric syndromes in systemic lupus erythematosus: a meta-analysis.
Semin Arthritis Rheum 2011; 41:1-11.
31) Sanna G, Bertolaccini ML, Cuadrado MJ, Laing H, Khamashta MA, Mathieu A, et al.

Neuropsychiatric manifestations in systemic lupus erythematosus: prevalence and
association with antiphospholipid antibodies. J Rheumatol 2003; 30:985-92.
32) Briani C, Lucchetta M, Ghirardello A, Toffanin E, Zampieri S, Ruggero S, et al.

Neurolupus is associated with anti-ribosomal P protein antibodies: an inception
cohort study. J Autoimmun. 2009;32:79-84.
33) Tsai JD, Lin CL, Lin CC, Sung FC, Lue KH. Risk of epilepsy in patients with systemic

lupus erythematosus–a retrospective cohort study. Neuropsychiatr Dis Treat 2014;
10:1635-43.
34) Watad A, Tiosano S, Bragazzi NL, Brigo F, Comaneshter D, Cohen AD, et al.

Epilepsy among Systemic Lupus Erythematosus Patients: Insights from a Large
Database Analysis. Neuroepidemiology. 2018; 50:1-6.

35) Hanly JG, Urowitz MB, Su L, Gordon C, Bae SC, Sanchez-Guerrero J, et al. Seizure

disorders in systemic lupus erythematosus results from an international, prospective,
inception cohort study. Ann Rheum Dis 2012; 71:1502-9.
36) Chan PC, Yu CH, Yeh KW, Horng JT, Huang JL. Comorbidities of pediatric systemic

lupus erythematosus: A 6-year nationwide population-based study. J Microbiol
Immunol Infect 2016; 49:257-63.
37) Appenzeller S, Cendes F, Costallat LT. Epileptic seizures in systemic lupus

erythematosus. Neurology 2004; 63:1808-12.
38) Mikdashi J, Krumholz A, Handwerger B. Factors at diagnosis predict subsequent

occurrence of seizures in systemic lupus erythematosus. Neurology 2005; 64:21027.
39) Huang X, Magder LS, Petri M. Predictors of incident seizure in systemic lupus

erythematosus. J Rheumatol 2016: jrheum-150135.
40) Ward MM, Pyun E, Studenski S. Causes of death in systemic lupus erythematosus.

Long-term followup of an inception cohort. Arthritis Rheum 1995; 38:1492–9.
41) Ferreira TS, Reis F, Appenzeller S. Posterior reversible encephalopathy syndrome

and association with systemic lupus erythematosus. Lupus 2016; 25:136942) Holmqvist M, Simard JF, Asplund K, Arkema EV. Stroke in systemic lupus

erythematosus: a meta-analysis of population-based cohort studies. RMD open
2015; 1:e000168.
43) Appenzeller S, Vasconcelos Faria A, Li LM, Costallat LT, Cendes F. Quantitative

magnetic resonance imaging analyses and clinical significance of hyperintense white
matter lesions in systemic lupus erythematosus patients. Ann Neurol 2008; 64:63543.
44) Tiosano S, Grysman N, Comaneshter D, Comaneshter D, Cohen AD, Shoenfeld Y,

et al. The association between systemic lupus erythematosus and valvular heart
disease: an extensive data analysis. Eur J Clin Invest 2017; 47:366-71.
45) Jiang H, An X, Li Y, Sun Y, Shen G, Tu Y, et al. Clinical features and prognostic

factors of thrombotic thrombocytopenic purpura associated with systemic lupus
erythematosus: a literature review of 105 cases from 1999 to 2011. Clin Rheumato
2014; 33:419-27.
46) Dahl A, Omdal R, Waterloo K, Joakimsen O, Jacobsen EA, Koldingsnes W, et al.

Detection of cerebral embolic signals in patients with systemic lupus erythematosus.
J Neurol Neurosurg Psychiatry 2006; 77:774-9.

47) Kumral E, Evyapan D, Keser G, Kabasakal Y, Oksel F, Aksu K, et al. Detection of

microembolic signals in patients with neuropsychiatric lupus erythematosus. Eur
Neurol 2002; 47:131-5.
48) Toyota T, Akamatsu N, Tanaka A, Shouzaki T, Tsuji S, Saito K, et al. Mesial

temporal lobe epilepsy as a neuropsychiatric syndrome of systemic lupus
erythematosus. Epilepsia 2013; 54:e33-36.
49) Sciascia S, Bertolaccini ML, Roccatello D, Khamashta MA, Sanna G. Autoantibodies

involved in neuropsychiatric manifestations associated with systemic lupus
erythematosus: a systematic review. J Neurol 2014; 26:1706-14.
50) Ho RC, Thiaghu C, Ong H, Lu Y, Ho CS, Tam WW, et al. A meta-analysis of serum

and cerebrospinal fluid autoantibodies in neuropsychiatric systemic lupus
erythematosus. Autoimmun Rev 2016; 15:124-38.
51) Hu C, Li M, Liu J, Qian J, Xu D, Zhang S, et al. Anti-SmD1 antibodies are associated

with renal disorder, seizures, and pulmonary arterial hypertension in Chinese
patients with active SLE. Sci Rep 2017; 7:7617.
52) Malik S, Bruner GR, Williams-Weese C, Feo L, Hal Scofield R, Reichlin M, et al.

Presence of anti-La autoantibody is associated with a lower risk of nephritis and
seizures in lupus patients. Lupus 2007; 16:863-6.
53) Dafoulas GE, Toulis KA, Mccorry D, Kumarendran B, Thomas GN, Willis BH, et al.

Type I diabetes mellitus and risk of incident epilepsy: a population-based, opencohort study. Diabetologia 2017; 60:258-61.
54) Chou IC, Wang CH, Lin WD, Tsai FJ, Lin CC, Kao CH. Risk of epilepsy in type 1

diabetes mellitus: a population-based cohort study. Diabetologia 2016; 59:11961203.
55) Sander JW, Novy J, Keezer MR. The intriguing relationship between epilepsy and

type 1 diabetes mellitus. Diabetologia 2016; 59:1569-70.
56) McCorry D, Nicolson A, Smith D, Marson A, Feltbower RG, Chadwick DW. An

association between type 1 diabetes and idiopathic generalized epilepsy. Annals
Neurol 2006; 59:204-6.
57) Verrotti A, Scaparrotta A, Olivieri C, Chiarelli F. Seizures and type 1 diabetes

mellitus: current state of knowledge. Eur J Endocrinol 2012; 167:749-58.
58) Falip M, Miró J, Carreño M, Jaraba S, Becerra JL, Cayuela N, et al. Hypoglycemic

seizures and epilepsy in type I diabetes mellitus. J Neurol Sci 2014; 346:307-9.

59) Vincent A, Crino PB. Systemic and neurologic autoimmune disorders associated with

seizures or epilepsy. Epilepsia 2011; 52:12-7.
60) Vianello M, Tavolato B, Giometto B. Glutamic acid decarboxylase autoantibodies and

neurological disorders. Neurol Sci. 2002; 23:145-51.
61) Elkadhi A, Khelifi N, Abid A, Nagati K, Jenhani F, Ben MR. Prevalence of anti-GAD

autoantibodies in Tunisian children with type 1 diabetes. Tunis Med 2002; 80:281-5.
62) Liimatainen S, Honnorat J, Pittock SJ, McKeon A, Manto M, Radtke JR, et al. GAD65

autoantibody characteristics in patients with co-occurring type 1 diabetes and
epilepsy may help identify underlying epilepsy etiologies. Orphanet J Rare Dis 2018;
13:55.
63) Ganelin‐Cohen E, Modan‐Moses D, Hemi R, Kanety H, Ben‐zeev B, Hampe CS.

Epilepsy and behavioral changes, type 1 diabetes mellitus and a high titer of
glutamic acid decarboxylase antibodies. Pediatr Diabetes 2016; 17:617-22.
64) Vinke AM, Schaper FL, Vlooswijk MC, Nicolai J, Majoie MH, Martinez PM, et al. Anti-

GAD antibodies in a cohort of neuropsychiatric patients. Epilepsy Behav 2018;
82:25-8.
65) Lorenzoni PJ, Ducci RD, Tensini TS, Dalledone G, Kay CS, de Paola L, et al.

Treatment of epilepsy in patients with myasthenia gravis: Is really harder than it
looks?. J Clin Neurosci 2017; 44:353-6.
66) Uzawa A, Kawaguchi N, Himuro K, Kanai T, Kuwabara S. Serum cytokine and

chemokine profiles in patients with myasthenia gravis. Clin Exp Immunol 2014;
176:232-7.
67) Lundin KE, Wijmenga C. Coeliac disease and autoimmune disease—genetic overlap

and screening. Nat Rev Gastroenterol Hepatol 2015; 12:507-15.
68) Burk K, Farecki ML, Lamprecht G, Roth G, Decker P, Weller M, et al. Neurological

symptoms in patients with biopsy proven celiac disease. Mov Disord 2009; 24:235862.
69) Pengiran Tengah DS, Holmes GK, Wills AJ. The prevalence of epilepsy in patients

with celiac disease. Epilepsia 2004; 45:1291-3.
70) Cronin CC, Jackson LM, Feighery C, Shanahan F, Abuzakouk M, Ryder DQ, et al.

Coeliac disease and epilepsy. QJM 1998; 91:303-8.
71) Zelnik N, Pacht A, Obeid R, Lerner A. Range of neurologic disorders in patients with

celiac disease. Pediatr. 2004; 113:1672-6.

72) Chapman RW, Laidlow JM, Colin-Jones D, Eade OE, Smith CL. Increased

prevalence of epilepsy in coeliac disease. Br Med J 1978; 2:250.
73) Ludvigsson JF, Zingone F, Tomson T, Ekbom A, Ciacci C. Increased risk of epilepsy

in biopsy-verified celiac disease: a population-based cohort study. Neurology 2012;
78:1401-7.
74) Tengah DS, Holmes GK, Wills AJ. The prevalence of epilepsy in patients with celiac

disease. Epilepsi 2004; 45:1291-3.
75) Cury RG, Hobi Moreira C. Occipital calcification and celiac disease. N Engl J Med

2014; 370:e26.
76) Işıkay S, Kocamaz H. Prevalence of celiac disease in children with idiopathic

epilepsy in southeast Turkey. Pediatr Neurol 2014; 50:479-81.
77) Gobbi G. Coeliac disease, epilepsy and cerebral calcifications. Brain Dev 2005;

27:189-200.
78) Casciato S, Morano A, Albini M, Fanella M, Lapenta L, Fattouch J, et al. Cryptogenic

focal epilepsy and" hidden" celiac disease in adulthood: a causal or accidental link?.
Int J Neurosci 2015; 125:913-7.
79) Alaedini A, Okamoto H, Briani C, Wollenberg K, Shill HA, Bushara KO, et al. Immune

cross-reactivity in celiac disease: anti-gliadin antibodies bind to neuronal synapsin I.
J Immunol 2007; 178:6590-5.
80) KurienM, Ludvigsson JF, Sanders DS, Zylberberg HM, Green PH, Sundelin HE, et

al. Persistent mucosal damage and the risk of epilepsy in people with celiac disease.
Eur J Neurol 2018; 25:592-e38.
81) Chang KH, Hsu YC, Chang MY, Lin CL, Wu TN, Hwang BF, et al. A Large-Scale

Study Indicates Increase in the Risk of Epilepsy in Patients With Different Risk
Factors, Including Rheumatoid Arthritis. Medicine (Baltimore) 2015; 94:e1485.
82) Loya-de la Cerda DG, Avilés-Solís JC, Delgado-Montemayor MJ, Camara-Lemarroy

CR, Galarza-Delgado DÁ. Isolated rheumatoid arthritis-associated cerebral
vasculitis: A diagnostic challenge. Joint Bone Spine 2013; 80:88-90.
83) Bourgeois P, Rivest J, Bocti C. Rheumatoid meningitis presenting with stroke-like

episodes. Neurology 2014; 82:1564-5.
84) Thomas E, Leroux JL, Hellier JP, Blotman F. Seizure and methotrexate therapy in

rheumatoid arthritis. J Rheumatol 1993; 20:1632.
85) Hill ME, Gordon C, Situnayake RD, Heath DA. Sulfasalazine induced seizures and

dysphasia. J Rheumatol 1994; 21:748-9.

86) Rom AL, Wu CS, Olsen J, Jawaheer D, Hetland ML, Christensen J, et al. Parental

rheumatoid arthritis and childhood epilepsy: A nationwide cohort study. Neurology
2016; 87:2510-6.
87) Lee SW, Donlon S, Caplan JP. Steroid responsive encephalopathy associated with

autoimmune thyroiditis (SREAT) or Hashimoto’s encephalopathy: a case and review.
Psychosomatics 2011; 52:99-108.
88) Ferracci F, Carnevale A. The neurological disorder associated with thyroid

autoimmunity. J Neurol 2006; 253:975-84.
89) Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter EW, Spencer CA, et

al. Serum TSH, T(4), and thyroid antibodies in the United States population (1988 to
1994): National Health and Nutrition Examination Survey (NHANES III). J Clin
Endocrinol Metab 2002; 87:489-99.
90) Whittingham S, Irwin J, Mackay IR, Marsh S, Cowling DC. Autoantibodies in healthy

subjects. Aust Ann Med 1969; 18:130-4.
91) Tamagno G, Federspil G, Murialdo G. Clinical and diagnostic aspects of

encephalopathy associated with autoimmune thyroid disease (or Hashimoto’s
encephalopathy). Intern Emerg Med 2006; 1:15.
92) Montagna G, Imperiali M, Agazzi P, D'Aurizio F, Tozzoli R, Feldt-Rasmussen U, et

al. Hashimoto's encephalopathy: A rare proteiform disorder. Autoimmun Rev 2016;
15:466-76.
93) Gerdes S, Zahl VA, Knopf H, Weichenthal M, Mrowietz U. Comedication related to

comorbidities: a study in 1203 hospitalized patients with severe psoriasis. Br J
Dermatol 2008; 159:1116-23.
94) Amanat M, Salehi M, Rezaei N. Neurological and psychiatric disorders in psoriasis.

Rev Neurosci [Published online: March 6, 2018]. DOI:
https://doi.org/10.1515/revneuro-2017-0108
95) Kawachi I, Lassmann H. Neurodegeneration in multiple sclerosis and neuromyelitis

optica. J Neurol Neurosurg Psychiatry 2017; 88:137-45.
96) Williams GH, Nosik WA, Hunter JA. Convulsions as manifestation of multiple

sclerosis. JAMA 1952; 150: 990-2.
97) Olafsson E, Benedikz J, Hauser WA. Risk of epilepsy in patients with multiple

sclerosis: a population‐based study in Iceland. Epilepsia 1999;40:745-7.

98) Prins M, Schul E, Geurts J, der Valk P, Drukarch B, Dam AM. Pathological

differences between white and grey matter multiple sclerosis lesions. Ann N Y Acad
Sci 2015; 1351:99-113.
99) Calabrese M, Magliozzi R, Ciccarelli O, Geurts JJ, Reynolds R, Martin R. Exploring

the origins of grey matter damage in multiple sclerosis. Nat Rev Neurosci 2015;
16:147-58.
100)

Kelley BJ, Rodriguez M. Seizures in patients with multiple sclerosis:

Epidemiology, pathophysiology and management. CNS Drugs 2009; 23:805-15.
101)

Gasparini S, Ferlazzo E, Ascoli M, Sueri C, Cianci V, Russo C, et al. Risk factors

for unprovoked epileptic seizures in multiple sclerosis: a systematic review and metaanalysis. Neurol Sci 2017; 38:399-406.
102)

Benjaminsen E, Myhr KM, Alstadhaug KB. The prevalence and characteristics of

epilepsy in patients with multiple sclerosis in Nordland county, Norway. Seizure
2017; 52:131-5.
103)

Lund C, Nakken KO, Edland A, Celius EG. Multiple sclerosis and seizures:

incidence and prevalence over 40 years. Acta Neurol Scand 2014; 130:368-73.
104)

Calabrese M, Castellaro M, Bertoldo A, De Luca A, Pizzini FB, Ricciardi GK, et

al. Epilepsy in multiple sclerosis: The role of temporal lobe damage. Mult Scler 2017;
23:473-82.
105)

Nakano H, Tanaka M, Kinoshita M, Tahara M, Matsui M, Tanaka K, et al.

Epileptic seizures in Japanese patients with multiple sclerosis and neuromyelitis
optica. Epilepsy Res 2013; 104:175-80.
106)

Hubbard JA, Szu JI, Binder DK. The role of aquaporin-4 in synaptic plasticity,

memory and disease. Brain Res Bull 2018; 136:118-29.
107)

Kumar A, Sung V, Rinker J, Meador W. Patient with established, Seropositive

Neuromyelitis Optica presenting in Status Epilepticus due to NMDA receptor
antibodies. Neurology 2015; 84:P4-065.
108)

Langan SM, Groves RW, West J. The relationship between neurological disease

and bullous pemphigoid: a population-based case-control study. J Invest Dermatol
2011; 131:631-6.
109)

Brick KE, Weaver CH, Savica R, Lohse CM, Pittelkow MR, Boeve BF, et al. A

population-based study of the association between bullous pemphigoid and
neurologic disorders. J Am Acad Dermatol 2014; 71:1191-7.

110)

Foureur N, Descamps V, Lebrun-Vignes B, Bullous pemphigoid in a leg affected

with hemiparesia: a possible relation of neurological diseases with bullous
pemphigoid?. Eur J Dermatol 2001; 11:230-3.
111)

Taghipour K, Chi CC, Vincent A, Groves RW, Venning V, Wojnarowska F. The

association of bullous pemphigoid with cerebrovascular disease and dementia: a
case-control study. Arch Dermatol 2010; 146:1251-4.
112)

Chen YJ, Wu CY, Lin MW, Chen TJ, Liao KK, Chen YC, et al. Comorbidity

profiles among patients with bullous pemphigoid: A nationwide population‐based
study. Br J Dermatol 2011; 165:593-9.
113)

Kwan Z, Lai YN, Ch’ng CC, Tan AH, Tan LL, Robinson S, et al. The association

between bullous pemphigoid and neurological disorders in a selected Malaysian
population. Med J Malaysia 2015; 70:81-5.
114)

Daneshpazhooh M, Khorassani J, Balighi K, Ghandi N, Mahmoudi H, Tohidinik

H, et al. Neurological diseases and bullous pemphigoid: A case–control study in
Iranian patients. Indian J Dermatol Venereol Leprol 2017; 83:195.
115)

Brown A, Bernier G, Mathieu M, Rossant J, Kothary R. The mouse dystonia

musculorum gene is a neural isoform of bullous pemphigoid antigen 1. Nat Genet
1995; 10:301-6.

Box: Possible etiologies of seizure occurrence in TIDM
Etiologies

Explanation

Metabolic disturbance

Hypo-calcemia, hypo-magnesemia and hypo- or hyper-glycemia (provoked seizures)

Brain lesions

Due to cerebrovascular disease or metabolic abnormalities.

Genetic factors

Mutations in KCNJ11, POLG1 or MELAS genes are associated with both TIDM and epilepsy

Autoimmunity

Role of GAD antibody

GAD: glutamic acid decarboxylase

