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Abstract

Focal and generalized epilepsies are associated with robust differences in mag-
netic resonance imaging (MRI) measures of subcortical structures, gray matter,
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and white matter. However, it is unknown whether such structural brain differ-
ences reflect the cause or consequence of epilepsy or its treatment. Analyses of

common genetic variants underlying both common epilepsy risk and variability
3Depalrtment of Clinical and

i . o in structural brain measures can give further insights, as such inherited variants
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are not influenced by disease or treatment. Here, we performed genetic correla-
tion analyses using data from the largest genome-wide association study (GWAS)
on common epilepsy (n =27559 cases and 42436 controls) and GWASs on MRI
measures of white (n =33292) or gray matter (n =51665). We did not detect
any significant genetic correlation between any type of common epilepsy and any
of 280 measures of gray matter, white matter, or subcortical structures. These
results suggest that there are distinct genetic bases underlying risk of common
epilepsy and for structural brain measures. This would imply that the genetic
basis of normal structural brain variation is unrelated to that of common epilepsy.
Structural changes in epilepsy could rather be the consequence of epilepsy, its
comorbidities, or its treatment, offering a cumulative record of disease.
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1 | INTRODUCTION differences often extend considerably beyond any local-
ized epileptogenic focus in the brain."” Such structural
brain differences are thought to underlie various traits like
cognitive decline and vulnerability to psychiatric diseases®
that are frequently comorbid in people with epilepsy. The

ENIGMA-Epilepsy studies are based on cross-sectional

Large-scale collaborative efforts by the ENIGMA-Epilepsy
working group have found widespread structural brain
differences in people with generalized as well as focal
epilepsy, when compared to healthy controls. These
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comparisons of MRI scans between people with epilepsy
and healthy controls, which do not allow for inference of
causation. Therefore, it is unknown whether such struc-
tural brain differences constitute the cause of epilepsy,
the result of epileptic seizures, or epiphenomena such as
effects of antiepileptic drugs or environmental factors, or
some combination of such factors.

Some of these limitations can be overcome by assess-
ing common genetic factors associated with structural
brain measurements and genetic factors associated with
epilepsy in independent cohorts. Common inherited ge-
netic variants are not determined by disease, treatment,
or environmental factors. Susceptibility to epilepsy and
variation in structural brain measures are both strongly
heritable and largely explained by common genetic vari-
ation.” Recent large-scale efforts have combined genetic
and MRI data from tens of thousands of people, to map
which genetic variants are associated with structural mea-
sures of the brain.>” Combining these data with a large-
scale genome-wide association study (GWAS) from the
epilepsies® represents a unique opportunity to disentangle
whether the genetic basis of epilepsy and structural brain
variation are shared or distinct.

To do so, we performed genetic correlation analyses to
assess whether genetic determinants of structural brain
measures are associated with common epilepsy and its
main subtypes, focal and generalized epilepsy.

2 | MATERIALS AND METHODS

2.1 | Study population

The current study is based on summary statistics from the
International League Against Epilepsy Consortium on
Complex Epilepsies epilepsy GWAS and a combination
of structural MRI GWASs from the ENIGMA consortium
and the UK Biobank.

The common epilepsy GWAS constitutes a meta-
analysis combining 29 different cohorts. After stringent
single nucleotide polymorphism (SNP) and sample qual-
ity control, approximately 5 million SNPs were assessed in
a total of 27559 people with epilepsy and 42436 controls
in the final meta-analyses.® Furthermore, subanalyses
were conducted on focal (n = 14939 cases) and general-
ized epilepsy (n = 6952 cases). All included subjects were
of European ancestry. All analyses were corrected for
population stratification using a mixed model association
analysis.

We used publicly available summary statistics from the
ENIGMA consortium GWAS of 70 measures of gray mat-
ter, calculated from genetic data and brain MRI scans in
51665 individuals of primarily (94%) European ancestry.’
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These 70 measures consisted of cortical thickness and
surface area of 34 brain regions as well as the total sur-
face area and average thickness of the whole cortex. The
ENIGMA GWAS constitutes a meta-analysis involving 60
different cohorts, including various population-based co-
horts like the UK Biobank as well as case—control cohorts,
including a cohort of 178 subjects with epilepsy. Analyses
were corrected for age, age-squared (age?), sex, sex-by-age
and age” interactions, ancestry and dummy variables for
scanners (if multiple scanners per site were used), and dis-
ease status for case—control cohorts. In addition, we used
GWAS summary statistics from a study on sulcal mor-
phology in 26530 individuals of European ancestry from
the UK Biobank. This study included 670 measures of re-
gional sulcal width, length, mean depth, and surface area,
of which 642 traits with nonzero SNP-based heritability
were included in the current analysis.’

White matter microstructure GWAS data were ob-
tained from a study that combined genetic data with 110
measures of diffusion-weighted brain MRI scans from the
UK Biobank in 34024 subjects of European (British) an-
cestry.’ These 110 measures consist of five diffusion tensor
imaging (DTI) parameters (fractional anisotropy, mean
diffusivity, axial diffusivity, radial diffusivity, and mode
of anisotropy) computed for 21 white matter tracts plus a
whole brain average. All analyses were corrected for age,
age,2 sex, age—sex interaction, agez—sex interaction, imag-
ing site, and population stratification. Similarly, GWAS
data using MRI scans of 19629 subjects of European an-
cestry from the UK biobank were used to assess genetic
contribution to 100 brain volumetric phenotypes, includ-
ing various subcortical, cortical, and white matter vol-
umes.® These analyses were adjusted for age, age®, sex,
age-sex interaction, age’~sex interaction, total brain vol-
ume, and population stratification.

Total brain volume data were obtained from a GWAS
that included 47316 unrelated subjects of European an-
cestry.” These subjects were derived from a combination
of the UK Biobank and the ENIGMA consortium, and all
analyses were corrected for population stratification, age,
sex, genotype array, assessment center, standing height,
and the Townsend deprivation index.

2.2 | Genetic correlation analyses

Genetic correlation analyses between common epilepsy
and MRI measures of gray and white matter were com-
puted using bivariate linkage disequilibrium score regres-
sion (LDSC).' Bivariate LDSC utilizes GWAS summary
statistics and compares the effect sizes of each SNP, in-
cluding SNPs that do not reach genome-wide significance,
between two traits to assess the overall genetic correlation.
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We were not able to exclude any potential sample over-
lap. However, genetic correlations computed by LDSC are
not biased by sample overlap, as sample overlap only af-
fects the intercept of the regression coefficient, but not the
slope.'® Modeling studies confirmed that sample overlap
does not lead to biased estimates of genetic correlations.*
We used default settings of LDSC, with precomputed link-
age disequilibrium regression weights from European
subjects of the 1000 Genomes project. We computed all
genetic correlations analyses separately for all epilepsy
combined and its main subtypes focal and generalized

epilepsy.

2.3 | Power calculations

We used the GCTA-GREML power calculator' to esti-
mate the power to detect significant genetic correlations
of .05 and .10 or higher (at a type 1 error rate [«] of .05)
between all epilepsy, focal epilepsy, generalized epilepsy,
and each main MRI phenotype of the whole brain. SNP-
based heritability for each phenotype was calculated using
LDSC'" and converted to liability scale.* For these calcula-
tions, we assumed a population prevalence of .005 for all
epilepsy, .003 for focal epilepsy, and .002 for generalized

epilepsy.*

3 | RESULTS

We did not find any nominally significant genetic correla-
tion (all p >.05) between all epilepsy, focal epilepsy, or
generalized epilepsy with average surface area, cortical
thickness, brain volume, fractional anisotropy, mean dif-
fusivity, axial diffusivity, radial diffusivity, or mode of ani-
sotropy of the whole brain (Figure 1). Power calculations
showed that we had statistical power ranging between

Focal epilepsy

25% and 100% to detect genetic correlations higher than
.05 between any of the epilepsy subtypes and any of the
MRI phenotypes (Appendix S1). The power to detect ge-
netic correlations higher than .10 ranged between 73% and
100%. For generalized epilepsy (the epilepsy subtype with
the highest SNP-based heritability), we had >95% power
to detect any genetic correlation higher than .05 and 100%
power to detect any genetic correlation higher than .10.

Next, we assessed the correlation between genetics of
common epilepsy subtypes and cortical thickness and sur-
face area in 34 cortical brain regions, regional brain vol-
umes in 100 brain areas, five DTI measures in 21 white
matter tracts, and four sulcal morphology parameters in
various brain regions (Appendix S2). Only 121 of 2745
genetic correlations (4.4%) were nominally significant
(p <.05), which is less than expected purely by chance
(i.e., 5%); none of these was significant when correcting
for multiple testing (all p >.05/2745).

4 | DISCUSSION

Here, we utilized the largest available GWASs to assess the
genetic correlation between common epilepsy and struc-
tural brain measures. We did not find any genetic overlap
between epilepsy and any measure of gray or white matter
of the brain. These results suggest that the genetic basis
of common epilepsy is distinct from the genetic basis of
normal structural brain variation.

Previous studies that compared MRI scans between
controls and people with focal and generalized epilepsy
showed widespread, as well as regional and syndrome-
specific, structural brain differences in white and gray
matter of the brain."? It is known that the vulnerability
for epilepsy, in particular generalized epilepsy, as well as
the variance in gray and white matter MRI measures, is
substantially explained by common genetic variants.>™
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FIGURE 1 No genetic correlation was found between epilepsy and structural measures of brain volume, gray matter, or white matter of
the whole brain. Genetic correlations were computed using linkage disequilibrium score regression, and the genetic correlation coefficients

(+SE) are plotted on the x-axis. Rg, genetic correlation coefficient.
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The absence of genetic overlap between epilepsy and
MRI measures suggests that the genetic variation under-
lying structural brain differences between people does
not meaningfully influence risk of epilepsy. Conversely,
the findings also suggest that common genetic variants
underlying susceptibility to epilepsy do not affect gray or
white matter structural variation. Importantly, the lack
of formal correlation may suggest that measured struc-
tural brain differences found in people with epilepsy are
unrelated to the underlying genetic cause of the disease,
and represent a separate source of information about
epilepsy at group and individual levels. If so, structural
brain differences are more likely a consequence of epi-
lepsy or its treatment than its cause. For example, pro-
gressive cortical thinning is observed in patients with
epilepsy, which might be due to seizure activity among
other reasons.'? Although frequent seizures are associ-
ated with more pronounced atrophy,'® such atrophy is
also found in patients who have become seizure-free.*?
A recent study found that cortical thinning in epilepsy is
mediated by microglial activation.'* Furthermore, tran-
sient depletion of activated microglia did not affect sei-
zures, but did prevent cortical thinning, suggesting that
these processes are distinct and potentially modifiable.
Alternatively, treatment of epilepsy by antiepileptic
drugs could also affect gray and white matter volume.
For example, valproic acid, but not other antiepileptic
drugs, has been associated with smaller gray and white
matter volumes. "

Our study should be considered in light of some
limitations. In this study, we only assessed com-
mon genetic variants (defined as a minor allele fre-
quency > 1%) in common types of epilepsy. We cannot
rule out the possibility that rare genetic variants or
copy number variants contribute to both epilepsy risk
and variation in brain measures, including during de-
velopment. It is well known that some rare variants
causing developmental epileptic encephalopathies
(DEE), and other epilepsies, are associated with gross
structural brain abnormalities, and some genes impli-
cated in DEE have roles during brain development.'®
Similarly, focal epileptogenic lesions can be caused by
rare genetic variants.'” Because we only assessed genet-
ics, we cannot rule out the influence of environmental
or epigenetic factors that influence both epilepsy and
brain structure. We used LDSC considering that it is
the most established method to compute genetic cor-
relations based on GWAS summary statistics. Novel al-
ternatives such as High-Definition Likelihood (HDL)
and GeNetic cOVariance Analyzer (GNOVA) produce
almost identical genetic correlation estimates.'®’
However, SEs can differ between these methods, and
LDSC potentially has slightly lower statistical power to

Epilepsia-*

detect significant associations. Due to data availability,
we were not able to use genetic correlation methods
based on individual-level data, which generally out-
perform summary statistics-based methods. Although
we used the currently largest available GWASs of ep-
ilepsy and MRI measures, their sample sizes are still
relatively modest compared to GWASs of more read-
ily available phenotypes such as body mass index or
height. Our study is large enough to exclude a large
genetic correlation. However, we cannot exclude the
possibility of a small genetic overlap between epilepsy
and structural brain measures were a larger GWAS to
be tested. Our analyses are based on epilepsy GWASs
split into three broad categories. We did not have ac-
cess to sufficiently powered GWASs of more resolved
epilepsy subtypes; therefore, we are unable to rule out
that there are genetic correlations between specific
epilepsy subtypes (like mesial temporal lobe epilepsy)
and structural brain measures. The focal epilepsy
GWAS did not yield any genome-wide significant loci
and demonstrated a low SNP-based heritability, which
could have limited our statistical power to detect sig-
nificant genetic correlations. The brain MRI GWASs
that we used for our analyses were primarily based on
population-based cohorts including <1% people with
epilepsy. Therefore, we cannot exclude the possibility
that there are epilepsy-specific genetic variants that
influence both structural MRI measures and epilepsy
risk.

Altogether, our results suggest that common epilep-
sies and structural brain variation have a distinct genetic
basis. These results could aid in understanding the patho-
physiology of epilepsy and associated structural brain
changes. If structural brain changes in common epilepsy
are the consequence of epilepsy rather than the cause, it
would suggest that it is modifiable or even preventable.
Potentially, preventing structural brain changes in epi-
lepsy could reduce risk of comorbid psychiatric disorders
or cognitive decline.
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