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Abstract

Objectives: Epilepsy and amyotrophic lateral sclerosis (ALS) are common neurological

disorders. The association between the two disorders has been raised in observational

studies. However, it is uncertain to what extent they havemutual causal effects. In this

study, we aimed to investigate their causal association using a two-sample Mendelian

randomization (MR)method.

Methods:Weperformeda two-samplebidirectionalMRanalysis to evaluate the causal

association of epilepsy with the risk of ALS. Publicly published genome-wide asso-

ciation study statistics for epilepsy and ALS were used in the study. The primary

analysis included genetic variants with a p value of less than 1×10–5 as instrumental

variables. We applied several alternative methods, including inverse variance weight-

ing, weighted median, simple mode, weighted mode, MR-Egger regression and MR

pleiotropy residual sum and outlier, and statistical graphs to assess the associations of

epilepsyand its subtypewith the riskofALS.ReverseMRanalyseswerealsoperformed

to examine the association of ALSwith the risk of epilepsy.

Results: The primary MR analysis found no causal effect of epilepsy on risk of ALS

(odds ration [OR]: 1.133, 95% confidence interval [CI]: 0.964–1.332, p = .130). Among

subtypes of epilepsy, it also failed to observe any causal association between general

epilepsy and ALS (OR: 1.036, 95% CI: 0.969–1.108, P = .300). However, focal epilepsy

contributed to an increase in the risk ofALS (OR: 1.177, 95%CI: 1.027–1.348,p= .019).

Moreover, the investigation of reverse causalities did not reveal significant results.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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Conclusions: The current study supports a causal influence of focal epilepsy on ALS

risk. Future studies are needed to explore its potential role in ALS.
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1 INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a progressing neurological disor-

der, characterized by the degeneration ofmotor neurons,with∼50%of

cases experiencing cognitive and behavioral symptoms (Masrori & Van

Damme, 2020). Abnormal patterns of neuron excitability and synaptic

activities have been observed in ALS (Fogarty, 2018). It is believed that

altered integrationofneuronsand synapses is responsible for theonset

and progression of ALS (Fogarty, 2018).

Epilepsy is one of the most common neurological disorders, affect-

ing over 50 million people all over the world (Singh & Sander, 2020).

Excessive neuronal activity can result in repeated and unpredictable

epileptic seizures, inducing cognitive impairment and mental instabil-

ity, and even life-threatening events (Giourou et al., 2015). Studies have

reported the incidence of epileptic seizures in ALS patients (Dag et al.,

2014), indicating the potential association between the two disorders.

The hyperactivities of neuronal circuit, for some extent, explain the link

between epilepsy and ALS. However, it is still unknown whether their

relationship has a causal nature.

Mendelian randomization (MR) helps clarify the causal relationship

between exposure and outcome, avoiding potential associative infer-

ences (Richmond&Smith, 2022). Genetic variation is used as an instru-

mental variable to deduce the causal relationship between exposure

and outcome, which will not be affected by acquired environmental

factors, lifestyles, behavioral changes, and other confounding factors

(Richmond & Smith, 2022). It meets the requirement of time sequence

in the determination of causality, which can effectively avoid the inter-

ference of reverse causation. Therefore, we applied a two-sample MR

to explore the causal relationship between epilepsy and ALS.

2 METHODS

2.1 Study design

In the present study, we performed a bidirectional two-sample MR

analysis to estimate the causal associations betweenepilepsy (all forms

of epilepsy, generalized epilepsy, focal epilepsy) and ALS. MR analy-

sis used genetic variants as instrumental variables to investigate the

relationship between certain exposure and outcome. As depicted in

Figure 1, there were three key assumptions of MR framework: (1)

genetic variants proposed as instrumental variables (IVs) should be

robustly associated with the exposure; (2) genetic variants used as IVs

should not be associated with any confounders; and (3) the selected

genetic variants should affect the risk of the outcome only through the

risk factor, but not via alternative pathways. Genome-wide association

study (GWAS) summary statistics were searched to extract leading sin-

gle nucleotide polymorphisms (SNPs) associated with epilepsy or ALS

as genetic instrumental variables. The forwardMRanalyses considered

epilepsy as the exposure andALS as the outcome,while the reverseMR

raisedALS as the exposure and epilepsy as the outcome. This studywas

based on publicly available summary statistics, and no ethical approval

was required.

2.2 Data sources

Genetic instruments for epilepsy were obtained from a large-scale

GWAS of European ancestry, including 69,995 cases of all forms of

epilepsy, with 3024 cases affected by generalized epilepsy, 3688 cases

affected by focal epilepsy from the study by International League

Against Epilepsy Consortium on Complex Epilepsies (2023). Genetic

variants for ALS were obtained from a large-scale GWAS by Nico-

las et al. (2018), including 20,806 ALS cases and 59,804 controls. The

participants in these datasets above were of European ancestry.

2.3 Selection of instruments

We set a relatively relaxed criteria to 1×10−5 for IVs selection from

GWAS data of epilepsy in the primary analysis (Table S1, epilepsy;

Table S2, focal epilepsy; Table S3, generalized epilepsy). We performed

F IGURE 1 The design of theMR study. Assumption 1, the genetic
variation used as an instrumental variable should be closely associated
with the exposure. Assumption 2, the genetic variation should not be
associated with any confounding factors. Assumption 3, the selected
genetic variation should affect the risk of the outcome only through
the risk factor, rather than through other pathways. MR,Mendelian
randomization.
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the exclusion of SNPs in linkage disequilibrium, using the criteria of

an R2 value of less than 0.001 and a genetic distance of 10,000 KB.

Genetic variants were screened at the threshold of genome-wide sig-

nificance at 5 ×10−8 for additional analysis as a supplemental analysis

(Tables S1–S3). Primary and supplemental analyses were also done in

the reverse analysis of the effects of ALS on epilepsy and its subtypes.

IVs for ALS can be found in Table S4.

GWAS Catalog (https://www.ebi.ac.uk/gwas) and NCBI SNP

database (https://www.ncbi.nlm.nih.gov/snp) were searched for the

related traits and genes associated with ALS, based on the chosen IVs

of epilepsy and its subtypes. The corresponding SNPs were deleted

from the respective analysis (Table S5).

2.4 Statistical analysis

In our main analysis, we applied the inverse-variance weighted (IVW)

approach to combine the effect estimates from all IVs to acquire

the causal analysis. In addition, we performed sensitivity analyses,

including weighted median, simple mode, weighted mode, MR-Egger

regression, andMR pleiotropy residual sum and outlier (MR-PRESSO),

to assess pleiotropy and potential genetic outliers. Assuming that at

least 50% of the SNPs are valid, the weighted median method can

generate consistent causal estimates. The MR-Egger regression can

detect and correct for possible pleiotropy, and the p value of the

intercept > .05 indicates no horizontal pleiotropic effects. For the

exclusion restriction assumption (Richmond & Smith, 2022), the MR-

Egger regression intercept and its 95% confidence intervals (CIs) were

used to investigate the degree of bias in casual estimates due to direc-

tional pleiotropy. Furthermore, the MR-PRESSO method was applied

to detect significant outliers and correct for horizontal pleiotropic

effects through outlier removal. The MR-PRESSO global test evalu-

ateswhether horizontal pleiotropy among all instrumentswas present.

Cochran’s Q statistic and leave-one-out analysis were performed to

evaluate the degree of heterogeneity across each SNP. The MR-

Egger intercept test, theMR-PRESSO global test, and visual inspection

of the funnel plot were conducted to detect horizontal pleiotropy.

The p value< .05 indicated that the IVW resultsmight be invalid due to

horizontal pleiotropy.All analyseswere two-sidedandperformedusing

the TwoSampleMR packages in the R software (version 4.1.3).

3 RESULT

3.1 The effects of epilepsy on ALS

Under the IVW model in the primary analysis (p < 1 × 10−5 for IVs

selection), we did not find evidence of the association of epilepsy with

the risk of ALS (odds ratio [OR]: 1.133, 95% CI: 0.964–1.332, p = .130,

Table 1). As shown in Figure 2, the scatter plot and forest plot visu-

ally showed the relationship betweenepilepsy andALS risk. The results

of Cochran’s Q test, MR-Egger intercept test, and MR-PRESSO global

test are displayed in Table 2. For SNP integration, we conducted the

leave-one-out analysis and generated forest plots (Figure 2).

We further conducted the analysis based on subtypes of epilepsy.

As shown in Table 1, the IVW model showed a statistically signifi-

cant association between focal epilepsy (per SD increase) and risk of

ALS (OR: 1.177, 95% CI: 1.027–1.348, p = .019, Table 1, Figure 2).

No evidence of heterogeneity or directional pleiotropy was found in

the analysis of focal epilepsy (both p values > .1, Table 2). We also

applied the leave-one-out analysis and identified no SNPs that would

significantly affect IVW estimate (Figure 3). In addition, no significant

association was found for generalized epilepsy with ALS (OR: 1.036,

95%CI: 0.969–1.108, p= 0.300, Figure 4).

Moreover, supplemental analysis was done based on the IVs selec-

tion criteria of p < 5 × 10−8 (Table 1). No significance was found

between epilepsy and risk of ALS, with only two SNPs included (OR:

0.652, 95%CI: 0.207–2.048, p= 0.464). Null association was indicated

for the causal effects of generalized epilepsy on ALS (OR: 1. 055, 95%

CI: 0.918–1.213, p = 0.447) (Figure S1). Moreover, it failed to perform

the analysis of focal epilepsy on ALS for the reason that no SNPs were

found at the significance threshold.

3.2 The effects of ALS on epilepsy

The reverse MR analysis (Table S6) suggested that neither epilepsy

(Figure S2) nor subtypes of epilepsy (focal epilepsy, Figure S3; gener-

alized epilepsy, Figure S4) were causally associated with ALS.

4 DISCUSSION

This study investigated the causal associations of genetically predicted

epilepsy and its subtypeswith ALS using a two-sampleMR approach. It

indicated that focal epilepsy was causally linked with ALS. No causal-

ity was found for all forms of epilepsy with ALS, as well as between

generalized epilepsy and ALS.

Currently, limitedevidence couldbe found regarding the association

betweenepilepsy andALS.Apost-GWASstudybySchijvenet al. (2020)

explored the correlation between the two disorders, and subgroup

analysis was performed based on epileptic forms. Negative results

were found between the two disorders, which is consistent with our

findings except for the causal association between focal epilepsy and

ALS revealed by our study. This could be attributed to the different

GWAS data sources. First, although most individuals in the study by

Schijven et al. (2020) were of European ancestry, there were still some

individuals of African and Asian ancestry in the epilepsy GWAS. How-

ever, we used a relatively newGWAS dataset of epilepsy (International

League Against Epilepsy Consortium on Complex Epilepsies, 2023) in

which all the cases were from European population. Moreover, the

GWAS data for ALS (Nicolas et al., 2018) in our studywere quite differ-

ent with a larger dataset, covering 20,806 cases and 59,804 controls.

The previous study used data from van Rheenen et al. (2016), which

included12,577cases and23,475controls. The larger sample size,with

all cases from the sameancestry, ensured the credibility of our findings.

https://www.ebi.ac.uk/gwas
https://www.ncbi.nlm.nih.gov/snp
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TABLE 1 Mendelian randomization (MR) analysis of the associations between epilepsy and amyotrophic lateral sclerosis (ALS) in primary and
supplemental analysis.

Exposure Method nSNP OR (95%CI) p value

Primary analysis

Epilepsy IVW 54 1.133 0.964–1.332 .130

Weightedmedian 54 1.055 0.856–1.299 .616

MR Egger 54 1.620 0.907–2.882 .109

Simplemode 54 1.042 0.610–1.777 .882

Weightedmode 54 1.034 0.660–1.620 .885

Generalized epilepsy IVW 72 1.036 0.969–1.108 .300

Weightedmedian 72 1.059 0.956–1.173 .275

MR Egger 72 0.900 0.692–1.171 .435

Simplemode 72 1.146 0.907–1.446 .257

Weightedmode 72 1.155 0.928–1.438 .202

Focal epilepsy IVW 45 1.177 1.027–1.348 .019a

Weightedmedian 45 1.058 0.886–1.265 .533

MR Egger 45 0.951 0.554–1.633 .855

Simplemode 45 1.062 0.697–1.619 .781

Weightedmode 45 1.055 0.711–1.567 .791

Supplemental analysis

Epilepsy IVW 2 0.652 0.207–2.048 .464

Generalized epilepsy IVW 18 1.055 0.918–1.213 .447

Weightedmedian 12 1.064 0.896–1.265 .479

MR Egger 12 0.785 0.411–1.500 .481

Simplemode 12 1.185 0.877–1.602 .292

Weightedmode 12 1.185 0.872–1.612 0.302

Focal epilepsy – 0 – – –

Note: CI, confidence interval; IVW, inverse-variance weighted; nSNPs, number of single nucleotide polymorphisms; OR, odds ratio.
aIndicates statistical significance at p< .05.

TABLE 2 Heterogeneity and pleiotropy tests for the associations between amyotrophic lateral sclerosis (ALS) and epilepsy in primary and
supplemental analysis.

Cochrane’sQ test MR-Egger intercept test MR-PRESSO global test

Q-value PQ Intercept Pintercept p value

Primary analysis

Epilepsy 74.345 0.028* −0.012 0.214 .065

Focal epilepsy 51.198 0.209 0.009 0.429 .224

Generalized epilepsy 70.250 0.503 0.008 0.281 .426

Supplemental analysis

Epilepsy – – – – –

Generalized epilepsy 12.575 0.322 0.021 0.381 .152

Focal epilepsy – – – – –

Abbreviation:MR-PRESSO:Mendelian randomization-Pleiotropy Residual Sum andOutlier.

*indicated statistically significance P< .05.
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F IGURE 2 The causal effect of epilepsy on ALS risk in primary analysis. (a) Scatter plot, (b) funnel plot, (c) forest plot, and (d) leave-one-out
plot. ALS, amyotrophic lateral sclerosis; MR,Mendelian randomization; SNP, single nucleotide polymorphism.

Furthermore, we validated the causal association between focal

epilepsy and ALS, but not between generalized epilepsy and ALS. Gen-

erally, according to ictal symptoms, epilepsy couldbe classified into two

major subgroups: generalized and focal (partial, local) epilepsy (Fisher,

2017). Focal epilepsy comprises localized areas of abnormal electrical

activity which could spread to contiguous and non-contiguous areas

(Götz-Trabert et al., 2008; Turkdogan et al., 2005). Hyperexcitability

in local seizure onset area may be due to a variety of factors, such as

the presence of pathological tissue, downregulation of local inhibitory

circuits, or upregulation of excitatory circuits (Azimzadeh & Beheshti,

2023; Iizuka et al., 2002; Navidhamidi et al., 2017). This echoes to the

pathological features of ALS. ALS also represents a focal onset form,

occurring at an apparently random location, and progressing along

human body (Ravits, 2014). Therefore, the focal changes in specific

region in central nervous system may underlie the link between focal

epilepsy and ALS. Studies have indicated that changes of ion channels,

for example, Na+ and K+ channels, are involved in the development of

focal epileptic occurrence (Brines et al., 1995). They are responsible for
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F IGURE 3 The causal effect of focal epilepsy on ALS risk in primary analysis. (a) Scatter plot, (b) funnel plot, (c) forest plot, and (d)
leave-one-out plot. ALS, amyotrophic lateral sclerosis; MR,Mendelian randomization.

muscle bundle tremors and muscle spasms in ALS patients (Tarantino

et al., 2022). Therapeutic agents, retigabine (regulating sodiumand cal-

cium currents) (Czuczwar et al., 2010) and riluzole (modulating sodium

channels) (Urbani & Belluzzi, 2000), are effective in both epilepsy and

ALS. This also pointed the similar therapeutic options of ALS and focal

epilepsy.

A key strength of the study is that we examined the genetic causal

effects of epilepsy subtypes on ALS by exploring data from relatively

large GWAS sources. Moreover, we addressed the analysis of horizon-

tal pleiotropy by performing MR-PRESSO global test and MR-Egger

intercept test, and by the visual inspection of funnel plot, indicating no

evidence of horizontal pleiotropic effects. The robustness of the signif-

icant findings was further validated by detecting heterogeneity using

Cochrane’s Q test and leave-one-out sensitivity analysis.

Indeed, our research also has some limitations. The findings were

derived from GWAS datasets of European ancestry. Whether the

results could be applied in the general population remains to be

verified. The study only used the MR approach to assess the correla-

tion between epilepsy and ALS. More post-GWAS methods should be

available in further analysis.
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F IGURE 4 The causal effect of generalized epilepsy on ALS risk in primary analysis. (a) Scatter plot, (b) funnel plot, (c) forest plot, and (d)
leave-one-out plot. ALS, amyotrophic lateral sclerosis; MR,Mendelian randomization.

5 CONCLUSION

The study provides evidence of causal influence of focal epilepsy on

ALS risk. A new light is cast on the potential role of epilepsy in ALS.

Future studies are needed to explore the underlyingmechanism.
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