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Abstract
Objective
Polygenic risk scores (PRSs) are used to quantify the cumulative effects of a number of genetic
variants, which may individually have a very small effect on susceptibility to a disease; we used
PRSs to better understand the genetic contribution to common epilepsy and its subtypes.

Methods
We first replicated previous single associations using 373 unrelated patients. We then calculated
PRSs in the same French Canadian patients with epilepsy divided into 7 epilepsy subtypes and
population-based controls. We fitted a logistic mixed model to calculate the variance explained
by the PRS using pseudo-R2 statistics.

Results
We show that the PRS explains more of the variance in idiopathic generalized epilepsy than in
patients with nonacquired focal epilepsy. We also demonstrate that the variance explained is
different within each epilepsy subtype.

Conclusions
Globally, we support the notion that PRSs provide a reliable measure to rightfully estimate the
contribution of genetic factors to the pathophysiologic mechanism of epilepsies, but further
studies are needed on PRSs before they can be used clinically.
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In the last decade, many groups have been working on dif-
ferent genetic techniques and statistics to better understand
the complex genetic mechanisms underlying epilepsy.1 Last
year, a large genome-wide association study on epilepsy
identified 16 loci associated with the disease, and many of
these were already known or suspected.2 Despite these efforts,
there is still a substantial missing heritability component in
epilepsy genetics.3

It is likely that a wide spectrum of genetic factors is in play,
ranging from very rare mutations with large effects to relatively
rare variants with medium effect sizes and finally to common
variants with smaller risk effects. Polygenic risk scores (PRSs)
aim to quantify the cumulative effects of a number of variants,
which may individually have a very small effect on susceptibility.
They have been used previously in many common traits and
diseases such as heart disease4–6 and in neurologic disorders.7–10

In this study, we aim to use PRSs to see whether this method
can explain more of the epilepsy genetics than the classical
methods did. We take advantage of the recent meta-analysis
GWAS metrics2 to calculate PRSs in 373 unrelated French
Canadian (FC) patients with epilepsy divided into 7 subtypes.
The population is known for its well-documented recent (400
years) founder effect and its particular genetic background,
which makes it an ideal population for genetic studies. French
Canadians are also closely related to the European population,
which is predominant in the GWAS.2

Methods
Standard protocol approvals, registrations,
and patient consents
This study was approved by the Centre de Recherche du
Centre Hospitalier Universitaire de Montréal ethics commit-
tee, and written informed consent was obtained for all patients.

Phenotyping of patients
The epilepsy cohort was composed of families with at least 3
affected individuals with idiopathic generalized epilepsy (IGE) or
nonacquired focal epilepsy (NAFE) previously collected and di-
agnosed by neurologists. The clinical epilepsy phenotype is defined
based on the Classification of the Epilepsy Syndromes established
by the International League Against Epilepsy (ILAE).11

More specifically, the operational definitions of the epilepsy
phenotypes studied in the project for NAFE were as follows:
(1) patients were aged at least 5 years and had experienced at
least 2 unprovoked seizures with focal EEG abnormalities or

clear clinical focal semiology in the 6 months before starting
treatment AND (2) an MRI scan of the brain that did not
demonstrate any potentially epileptogenic lesion (no lesion)
OR (3) documented hippocampal sclerosis and lesion other
than mesial temporal sclerosis (other lesion).

For IGE, patients were at least 4 years of age at the diagnosis and
the IGE subtype (childhood absence epilepsy, juvenile absence
epilepsy, juvenile myoclonic epilepsy or IGE not otherwise
specified) was determined according to the 1989 ILAE syn-
drome definitions using clinical and EEG characteristics. In IGE,
we also included patients with epilepsy with eyelid myoclonia
(Jeavons), which is an idiopathic generalized form of reflex
epilepsy characterized by childhood-onset, unique seizure
manifestations, striking light sensitivity, and possible occurrence
of generalized tonic-clonic seizures alone.

Our epilepsy cohort consisted of 643 patients diagnosed with
familial epilepsy. We used 1 patient per family for the analyses
for a total of 373 not closely related FC patients, 192 with IGE
and 132 with NAFE (and 49 unclassified epilepsies because of
a lack of information). We validated that the remaining patients

Table 1 Basic statistics for different epilepsy subtypes

Epilepsy subtype n Women, n Mean age

All epilepsiesa 373 213 46

IGEa 192 114 43

CAE 34 18 35

JAE 18 10 44

JME 81 52 48

GTCS 24 13 41

NAFEa 132 70 48

NAFE HS 22 10 55

NAFE no lesion 71 40 46

NAFE other lesion 13 10 51

Abbreviations: CAE = childhood absence epilepsy; GTCS = generalized tonic-
clonic seizuresalone;HS= documentedhippocampal sclerosis; IGE = idiopathic
generalized epilepsy; JAE = juvenile absence epilepsy; JME = juvenilemyoclonic
epilepsy, NAFE = nonacquired focal epilepsy; NAFE HS = nonacquired focal
epilepsy documented hippocampal sclerosis; NAFE no lesion = nonacquired
focal epilepsy no documented epileptogenic lesion; NAFE other lesion = non-
acquired focal epilepsy lesion other than mesial temporal sclerosis.
a The difference between the total numbers of patients and of IGE and NAFE
broad subtypes and the sum of their respective subtypes comes from the
patients who could not be classified into any of the narrow subtypes be-
cause of a lack of clinical information (49 unclassified patients, 35 un-
classified IGE, and 26 unclassified NAFE).

Glossary
CAE = childhood absence epilepsy; FC = French Canadian; IGE = idiopathic generalized epilepsy; ILAE = International
League Against Epilepsy; MAF = minor allele frequency; NAFE = nonacquired focal epilepsy; PC = principal component;
PRS = polygenic risk score.
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were not closely related (first cousins or more related) using
PLINK. FC ancestry was assessed by self-declared ethnicity and
principal component (PC) analysis (figure e-1, links.lww.com/
NXG/A253). Table 1 shows the different subtypes of epilepsy
that are represented in our cohort. In addition, we selected 954
FC individuals from a reference population data set.12

Data availability
The patients’ genotype data used in the present study will be
available on request.

Genotyping and imputation
For this study, we used whole-genome genotyping data for
the patient and the French Canadian control12 cohorts. All
samples were processed on either the Illumina Omni Express
(number of single nucleotide polymorphisms = 710,000) or
the Illumina Omni 2.5 (number of single nucleotide poly-
morphisms = 2,500,000 including the Omni Express core)
depending on the availability of the chip regardless if they
were controls or patients. Genotypes of all samples were
merged, and only positions present on both chips were kept.
We performed cleaning steps to remove individuals having
more than 2% missing genotypes among all SNPs, SNPs
with more than 2% missing SNPs over all individuals, and
SNPs with Hardy-Weinberg p value <0.001 using PLINK

software.13 We then removed 121 individuals of non-FC
descent using the first 2 principal components in addition to
self-identification of patients whenever this information was
available. Principal component analysis (figure e-1, links.
lww.com/NXG/A253) was performed using Eigensoft14 on
pruned SNPs (pairwise r2 < 0.2 in sliding windows of size 50
shifting every 5 SNPs) at 5% minor allele frequency (MAF).
We finally aligned the data set to the GRCh37 genome build
for further imputation following the method described
here.15

The Sanger Imputation Service was used to conduct
whole-genome imputation of SNPs.16 We selected the
Human Reference Consortium data set as the reference
panel. Postimputation quality control filters were applied
to remove SNPs within imputed data with an imputation
info score of <0.9 or HWE p value of <1 e−6, and only
biallelic SNPs at MAF 1% or higher were kept for further
analyses.

Association analysis
We used PLINK software for the logistic association analysis
with the first 10 PCs and sex as covariates. Associations were
only tested for the 20 SNPs found significant in the ILAE study
and only in the epilepsy subtypes in which they were originally

Figure 1 PRS density for broad epilepsy types

PRS density plots for French Canadian controls and (A) all patients with epilepsy, (B) patients with IGE, and (C) patients with NAFE. IGE = idiopathic generalized
epilepsy; NAFE = nonacquired focal epilepsy; PRS = polygenic risk score.
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reported. We used a p value threshold of 0.0025 to account for
multiple testing (n = 20).

PRS calculation
PRSs were calculated with PRSice software17 using ILAEmeta-
analysis on epilepsy summary statistics.2 Because the BETA
was not provided for theMETAL analyses (all, generalized, and
focal epilepsies’ analyses), we used the formula from reference
18 to calculate it. We used the first 10 PCs in addition to sex as
covariates, recalculating eigenvectors for each patient subset
including controls using SNPs at MAF 0.05 pruned (as de-
scribed above). PRSs were standardized for graphs.

Statistical analyses
We fitted a logistic regression mixed model using R. We then
calculated the Nagelkerke pseudo-R2 (using the PRS at the p
value threshold that best predicts the phenotype) with and
without the PRS as the full and null model. Note that pseudo-
R2 is reported on the observed scale to avoid overfitting.

Results
We used whole-genome genotyping on 373 unrelated patients
having epilepsy and 954 population controls. All individuals

Figure 2 PRS density for IGE subtypes

PRSdensityplots forFrenchCanadiancontrolsandpatientswith IGEsyndrome(A)CAE, (B)GTCS, (C) JME,and (D) JAE.CAE= childhoodabsenceepilepsy;GTCS= generalized
tonic-clonic seizures alone; IGE = idiopathic generalized epilepsy; JAE = juvenile absence epilepsy; JME = juvenile myoclonic epilepsy; PRS = polygenic risk score.
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were confirmed with French Canadian ancestry. FC control
individuals used in this study have already been demon-
strated to cluster with Western Europeans.19 First, we
wanted to assess whether the associations found by the ILAE
study2 were valid for our cohort. Table e-1, links.lww.com/
NXG/A253, presents the statistics of the association analy-
sis. One locus was found to be significant, and 3 were close to
significance (p value threshold = 0.0025). These results show
that our founder FC population shares a portion of the ep-
ilepsy genetic risks with the Western European populations
studied by the ILAE.

Next, to assess whether SNPs taken together could explain
a portion the epilepsy phenotype, we used the basic statistics
of the ILAE study2 to construct the PRS. Figure 1 shows the
density plots of standardized PRS values of patients compared
with controls for the 3 broad epilepsy types; best-fit p values
are shown in figure e-2 (links.lww.com/NXG/A253). Our
first observation was that the PRS distribution is more shifted
to the right in IGE than in NAFE, which is consistent with the
heritability estimates reported in the ILAE study.2 Figures 2

and 3 show the same analysis for the IGE andNAFE subtypes.
The best-fits are shown in figures e-3 and e-4 (links.lww.com/
NXG/A253).

The next logical question was to investigate whether the
PRS could be used to discriminate between a patient with
epilepsy and a control. Table 2 presents the logistic mixed
model statistics and the variance explained by the PRS
calculated using the Nagelkerke pseudo-R2 (on the ob-
served scale) for patients and controls for all epilepsy sub-
types. The variance explained by the PRS varies among
epilepsy subtypes, but is generally higher for IGE types than
for NAFE types. This is reflected by the higher odds ratio
and variance explained by the PRS in IGE broad subtype
compared with NAFE and corroborates what was found in
a recent study.20

Discussion
The strongest association in our FC cohort was observed with
the SNP rs1402398. This SNP is located in the noncoding

Figure 3 PRS density for NAFE subtypes

PRS density plots for French Canadian controls and patients with NAFEwith (A) HS, (B) no documented lesion, and (C) lesions other than HS. HS = documented
hippocampal sclerosis; NAFE = nonacquired focal epilepsy; PRS = polygenic risk score.
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region surrounding genes FANCL and BCL11A. These genes
have been linked with epilepsies through association studies,21

but no other functional or clinical evidence highlights their
roles in the disease.

Although we successfully replicated associations, we believe
that the biggest contribution of our study lies in the PRSs
that were established for each epilepsy type. This is, to our
knowledge, one of the first documented examples of how
PRSs can be used for epilepsy genetic studies for different
subtypes of epilepsy, although a recent study has shown that
for broad epilepsy subtypes.20 Although this measure cannot
yet be translated into clinical use, our analysis shows that the
additive value of common variants can be used to better
understand the disease.

One definite pitfall of our study is the small size of our
cohort. The initial GWAS was performed on more than
15,000 patients with epilepsy. Our study only included 373
patients with epilepsy and thus cannot have the same out-
reach as the initial one. This is why we did not report
genome-wide association statistics and focused only on the
replication of associated SNPs. We believe that the small size
of our cohort also affects the PRS calculations, but to
a smaller degree.

For these reasons, we have to take the variance explained by the
PRS with caution. However, for the broad phenotypes, we
explain 4 times more of the variance for patients with IGE than
what we explain for patients with NAFE, as shown elsewhere.20

This also supports the fact that epilepsy should be divided into
subtypes when studying the genetic mechanism underlying the
disease, as some epilepsy types were reasonably well explained
by the PRS (i.e., childhood absence epilepsy).

This study was conducted on a documented founder pop-
ulation. The FC population is well known for its high prevalence
of specific disease-causingmutations.22,23 For epilepsy, although
we cannot exclude that some of the associations found were
driven by rare haplotypes, we show here that the genetic eti-
ology of the disease is consistent with that of the general Eu-
ropean population. In future work, we will try to assess whether
the strong PRS found in some epilepsy subtypes could be
explained by rarer haplotypes, as we would expect in a founder
population.

Globally, we support the notion that PRSs provide a reli-
able measure to rightfully estimate the contribution of ge-
netic factors to the pathophysiologic mechanism of
epilepsies.
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Santé Durable, Université
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Santé Durable, Université
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Santé Durable, Université
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