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Letter

ME2 association analysis in adolescent onset genetic generalized 
epilepsies

To the Editors:
I have read with interest the article “Replication, reanal-
ysis, and gene expression: ME2 and genetic generalized 
epilepsy” by Wang et  al.1 The authors present a follow‐
up association and expression analysis of their initial 
report2 suggesting that genetic variation of the gene en-
coding the malic enzyme 2 (ME2) may underlie suscep-
tibility to adolescent onset genetic generalized epilepsies 
(GGEado). Our previous replication analysis failed to sup-
port the initial association claim.3 In their follow‐up study, 
Wang et al1 carried out a replication association analysis 
of 11 ME2 single nucleotide polymorphisms (SNPs) in 
newly recruited GGEado cohorts of Caucasian ancestry. 
They found a strong association of SNP rs608781 with 
GGEado (POPFAM+ P = .0006). Remarkably, this asso-
ciation was not supported by three highly correlated ME2 
SNPs (rs625566, P = .135; rs605902, P = .185; rs649224, 
P  =  .051). Due to their complete linkage disequilibrium 
(LD; R2  =  1.00; Table S2), these four LD‐proxy SNPs 
virtually represent genotyping replicates for which the as-
sociation statistics should generate essentially the same 
P values. Accordingly, the strongly deviating P values of 
these LD‐proxy SNPs may indicate a spurious association 
of ME2 SNP rs608781 with GGEado.

Wang et al1 also presented an association analysis 
of the ME2 three‐SNP (rs2850545‐rs645088‐rs649224) 
C‐C‐C risk haplotype by reanalyzing the previously col-
lected Caucasian GGEado cohorts2 in comparison with 
503 European reference samples from the 1000 Genomes 
Project to control for confounding by population structure. 
Their refined reanalysis confirmed a significant association 
of the ME2 three‐SNP C‐C‐C risk haplotype with GGEado 
(POPFAM+ P =  .002).1 Taking into account the substan-
tial overlap of the GGEado cohorts and the high correla-
tion between the ME2 three‐SNP risk haplotype and the 
initial nine‐SNP risk haplotype,1,2 the reported three‐SNP 
haplotype association largely reflects the previous associa-
tion claim2 and adds little replication evidence. This brings 
up the question of why haplotype association analysis was 
not performed in the new replication cohorts, given that the 

available 11 ME2 SNPs are suitable for tagging the common 
ME2 three‐SNP risk haplotype.

To test the validity of the reported ME2 associations, 
we have carried out replication analyses in 874 unre-
lated European subjects with GGEado and 3893 unrelated 
European ancestry‐matched control subjects (EPICURE 
GGE genome‐wide association study [GWAS] case‐control 
cohorts4; see Appendix S1) using the same ascertainment 
scheme reported by Greenberg et al.2 We failed to replicate 
the association of GGEado with ME2 SNP rs608781 (logis-
tic regression, P  =  .172; OR(T)  =  0.869, 95% confidence 
interval = 0.71‐1.063) and the ME2 C‐C‐C risk haplotype 
(P  =  .478; Table S1). Likewise, the genotype frequencies 
for SNP rs608781 found in the EPICURE GGEado subjects 
were similar to those observed in the 503 European controls 
used by Wang et al1 (χ2 = 0.39, 2 df, P = .824). Overall, none 
of the 11 ME2 SNPs investigated by Wang et al1 showed ev-
idence for an association with GGEado (logistic regression, 
P >  .17; Table S1). Taken together, the inconsistent repli-
cation results presented by Wang et al1 and our replication 
failure do not support evidence that genetic variation of ME2 
increases risk of GGEado.
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Letter

In Response: ME2 association analysis in adolescent‐onset genetic 
generalized epilepsy

To the Editors:
Dr. Sander asserts that our replication results are inconsist-
ent, despite our reporting three separate lines of evidence: 
ME2 gene expression, association, and replication; all sup-
porting our finding that ME2 (malic enzyme 2) influences 
genetic generalized epilepsy (GGE).

In 1000 Genomes, the correlation between selected ME2 
single nucleotide polymorphisms (SNPs) is high (Figure 1A). 
Dr. Sander assumes that the correlation should be high in our 
GGE cases too. On the basis of this assumption, he concludes 
that the evidence for association (ie, P‐values) at these se-
lected ME2 SNPs should be the same. However, these SNPs 
are not all highly correlated in our GGE cases (Figure 1B). 
Specifically, the SNP with the smallest P‐value, rs608781, is 
not highly correlated (r2 = 0.48) with any of the other ME2 
SNPs. Moreover, cases and controls may well have differ-
ent patterns of correlation at associated SNPs.1 Therefore, 
our replication results are not inconsistent as Sander claims. 
Furthermore, our main finding, that ME2 is involved in GGE, 
is supported by multiple lines of evidence including differ-
ences in predicted ME2 gene expression in human brain, rep-
lication, and increased evidence from both family based and 
population‐based association.

In his letter, Dr. Sander also implies that his failure to rep-
licate provides evidence against ME2's involvement in GGE. 

However, a fundamental pillar of statistical reasoning is that 
“the absence of evidence is not evidence of absence.” This 
means that Sander's P‐value of .17, for example, is NOT 
evidence that the null hypothesis is true. Misinterpreting 
P‐values in this way has prompted the American Statistical 
Association to release strict guidelines concerning the proper 
interpretation of P‐values.2

Given that our replication results are consistent and sup-
ported by other evidence, the more relevant question is: How 
do our cases differ from Sander's cases? It is likely that our 
GGE cases are more homogeneous than Sander's cases be-
cause our cases were rigorously phenotyped, and many had a 
positive family history of disease. This means that our cases 
are more likely to have the same basis for GGE, and if that 
basis is related to genetic variation at ME2, then we should 
(in principle) see a difference between cases and controls. 
By contrast, Sander's sample of GGE cases (n = 3893) likely 
contains increased heterogeneity due to diagnostic variation 
across centers and genetic differences in population sub-
structure. This means his cases likely have GGE for differ-
ent genetic reasons (ie, heterogeneity is present). As we have 
written elsewhere,3 heterogeneity is the most likely reason 
that a genetic study misses a true signal. For example, de-
spite the high heritability of GGE (65%‐80%), the reason that 
GGE genes have not been convincingly found by large‐scale 

F I G U R E  1  A, High correlation 
between selected ME2 single nucleotide 
polymorphisms (SNPs; including rs608781) 
for 1000 Genomes reference samples of 
European ancestry (EUR). B, Relatively 
low correlation between rs608781 and 
the remaining ME2 SNPs in our genetic 
generalized epilepsy (GGE) cases.
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genetic studies is likely heterogeneity. Worse yet, given the 
aforementioned misuse of P‐values, any data set containing 
such heterogeneity could be used to “refute” any published 
findings done elsewhere.
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Letter

Classification as autonomic versus sensory seizures

To the Editors:
Common symptoms of focal seizures include hot or cold skin 
sensations or a “rising sense” through the body. Both of these 
are sometimes, but not always, mediated by the autonomic 
nervous system.1 The 2017 International League Against 
Epilepsy (ILAE) classification of seizures2,3 does not clarify 
whether these sensations indicate a focal autonomic or focal 
sensory seizure. Therefore, the ILAE task force on classifica-
tion of seizures has issued the following clarification.

Some sensations, particularly a rising sensation or diffuse 
hot‐cold sensations, may be classified either as autonomic or 
as sensory. These symptoms often are associated with other 
autonomic symptoms or signs, such as nausea, vomiting, 
flushing, piloerection, or palpitations, marking them clearly 
as autonomic. In the absence of accompanying autonomic 
symptoms, it is acceptable to classify the seizure as either 
focal autonomic or focal sensory, depending upon the clinical 
context.
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2nd International Congress on Mobile 
Devices and Seizure Detection in Epilepsy

6–7 September 2019
Lausanne, Switzerland
http://www.mhsde pilep sy2019.com/

4th International Epilepsy Symposium: 
Epilepsy and Psychology

Seizures, Cognition, and Behavior
6–7 September 2019
Bielefeld, Germany
Information: https ://www.ilae.org/congr esses/ 4th-inter natio 
nal-epile psy-sympo sium-epile psy-and-psych ology 

4th International Symposium on 
Hypothalamic Hamartomas
12–14 September 2019
Washington, D.C., USA
Symposium website: http://www.hopef orhh.org/4th-inter 
natio nal-sympo sium-on-hypot halam ic-hamar tomas/ 

Cleveland Clinic Neurological Institute Summit 
2019: Epilepsy ‐ Focal Cortical Displasia
12–15 September 2019
Cleveland, OH, US
Website: http://www.cleve landc linic meded.com/live/cours 
es/ni-summit-epile psy/defau lt.asp

ILAE British Branch 17th SpR Epilepsy 
Teaching Weekend
14–15 September 2019
The Mathematics Institute in Oxford, UK.
http://www.epile psyte achin gweek end.com/

Introduction to Neuropsychological Methods 
in the Diagnosis and Treatment of People 
with Epilepsy
18–22 September 2019

Hanoi, Vietnam
Information: https ://www.ilae.org/congr esses/ intro ducti on-
to-neuro psych ologi cal-metho ds-in-the-diagn osis-and-treat 
ment-of-people-with-epilepsy

Congreso LACE
19–20 September 2019
Buenos Aires, Argentina
http://www.lace.org.ar/const ructor.php?categ oria=1

9th Migrating Course on Epilepsy
19–22 September 2019
Vrdnik, Serbia
Information: https ://www.ilae.org/congr esses/ 9th-migra 
ting-course-on-epilepsy

Canadian League Against Epilepsy 2019 
Annual Scientific Meeting
20–22 September 2019
Winnipeg, Manitoba
https ://claeg roup.org/2019-meeting

36ta Conferencia Epilepsia del Caribe
21 September 2019
San Juan, Puerto Rico, USA
Information: https ://www.ilae.org/congr esses/ 36ta-confe ren-
cia-epile psia-del-caribe

Philippine League Against Epilepsy 10th 
Biennial Epilepsy Congress: Epilepsy 
Across the Ages: Advancing the Science, 
Improving the Care
26–28 September 2019
Manilla, Philippines
Congress Programme

Masterclass on Resistant Epilepsy – Part 2
2 October 2019

http://www.mhsdepilepsy2019.com/
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Bucharest, Romania
Information: https ://www.ilae.org/congr esses/ maste rclass-on-
resis tant-epile psies-m2

2019 ILAE British Branch Annual 
Scientific Meeting
2–4 October 2019
Birmingham, UK
http://www.ilaeb ritis hconf erence.org.uk/

Park City Epilepsy Meeting: Cutting Edge 
Approaches to Transform Epilepsy Therapy
6–8 October 2019
Utah, USA
Website: http://www.parkc ityep ileps ymeet ing.com/

European Congress of NeuroRehabilitation 
2019 (ECNR)
9–12 October 2019
Budapest, Hungary
https ://www.ecnr-congr ess.org/

Jahrestagung des deutsch‐österreichisch‐
schweizer Arbeitskreises Epilepsie

German‐Austrian‐Swiss Workshop on 
Epileptology (DACH)
10–12 October 2019
Friedrichshafen, Germany
https ://www.unikl inik-freib urg.de/jahre stagu ng-dach-ag-ep-
ile psie.html

9th Caucasian Summer School on Clinical 
Epileptology
11–13 October 2019
Tbilisi, Georgia
Information: https ://www.ilae.org/congr esses/ 9th-cauca sian-
summer-school-on-clini cal-epile ptolo gy-cssce-ix

EAN Autumn School 2019
17–20 October 2019
Loutraki, Greece
https ://www.ean.org/Autumn-School.3752.0.html

ISPN 2019: 47th Annual Meeting of the 
International Society for Pediatric Neurology
20–24 October 2019

ICC Birmingham, Birmingham, UK
https ://www.ispnm eeting.org/2019/

Epilepsy and Psychiatric Disorders 
throughout Life

Educational Symposium of the 
Psychiatry Commission
25–26 October 2019
São Paulo, Brazil
Information: https ://www.ilae.org/congr esses/ epile psy-and-
psych iatric-disor ders-throu ghout-life

WCN 2019: XXIV World 
Congress of Neurology
27–31 October 2019
Dubai, United Arab Emirates
https ://2019.wcn-neuro logy.com/

Epilepsy Society of Australia 33rd Annual 
Scientific Meeting
6–8 November 2019
Sydney, Australia
https ://www.ivvy.com.au/event/ ESA19/ 

Congreso Argentino de Neurología
19–22 November 2019
Mar del Plata, Argentina
http://www.sna.org.ar/web/congr eso.php

2nd MAGNIMS‐ESNR Course

Neurology & Neuroradiology of Multiple 
Sclerosis: A Comprehensive Clinical Update
27–28 November 2019
Cairo, Egypt
http://www.misr2 000on line.net/ConfD etails.aspx?xml:id=263

Le 3ème Congrès Marocain de 
Neurophysiologie & La 4ème Session des 
Ecoles EEG & EMG
29 November–1 December 2019
Marrakech, Morocco
Information: https ://www.ilae.org/congr esses/ le-3-me-con-
gr-s-maroc ain-de-neuro physi ologie
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https://www.ispnmeeting.org/2019/
https://www.ilae.org/congresses/epilepsy-and-psychiatric-disorders-throughout-life
https://www.ilae.org/congresses/epilepsy-and-psychiatric-disorders-throughout-life
https://2019.wcn-neurology.com/
https://www.ivvy.com.au/event/ESA19/
http://www.sna.org.ar/web/congreso.php
http://www.misr2000online.net/ConfDetails.aspx?xml:id=263
https://www.ilae.org/congresses/le-3-me-congr-s-marocain-de-neurophysiologie
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American Epilepsy Society
6–10 December 2019
Baltimore, MD, USA
https ://meeti ng.aesnet.org/abstr acts

7th International Conference on Non‐Invasive 
Brain Stimulation (NIBS)
24–26 March 2020
Baden‐Baden/Germany
https ://www.nibs-confe rence.de/

64. Jahrestagung

der Deutschen Gesellschaft für Klinische 
Neurophysiologie und Funktionelle Bildgebung 
(64th annual meeting of the German Society of 
Clinical Neurophysiology)
26–28. March 2020
Baden‐Baden, Germany
https ://www.dgkn-kongr ess.de/

14th World Congress on Controversies in 
Neurology (CONy)
26–29 March 2020
London, UK
http://cony.comte cmed.com/

3rd International Training Course on 
Neuropsychology in Epilepsy
29 March–3 April 2020
Bordeaux, France
Information: https ://www.ilae.org/congr esses/ 3rd-inter natio 
nal-train ing-course-on-neuro psych ology-in-epilepsy

XI Congreso Latinamericano de Epilepsia
23–26 May 2020
Medellín, Colombia
Website: https ://www.epile psyco ngress.org/lace/

55. Jahrestagung der Deutschen Gesellschaft 
für Epileptologie (DGfE)

55th Annual Meeting of the German Society of 
Epileptology
10–13 June 2020

Breisgau, Germany
https ://www.epile psie-tagung.de/

21st Annual Meeting of Infantile Seizure 
Society International Symposium on 
Pathophysiology of Developmental and 
Epileptic Encephalopathy (ISSET)
19–21 June 2020
Okayama, Japan
Website: https ://www.emede vents.com/c/medic al-confe 
rences-2020/the-21st-annual-meeti ng-of-infan tile-seizu 
re-socie ty-inter natio nal-sympo sium-in-patho physi olo-
gy-of-devel opmen tal-and-epile ptic-encep halop athy

14th European Congress on Epileptology (ECE)
4–8 July 2020
Geneva Switzerland
Website: http://www.epile psyco ngress.org/ece/

ESTM 2020: Epilepsy Surgery 
Techniques Meeting
9–10 July 2020
Geneva, Switzerland
https ://www.estm2 020.com/

2020 Advanced San Servolo Epilepsy Course

Bridging Basic with Clinical Epileptology ‐ 7: 
Accelerating Translation in Epilepsy Research
20–31 July 2020
San Servolo (Venice), Italy
https ://www.ilae.org/congr esses/ 2020-advan ced-san-servo 
lo-epile psy-course

First North American Epilepsy Congress 
(NAEC)
25–27 September 2020
Toronto, Canada

13th Asian and Oceanian Epilepsy Congress 
(AOEC)
8–11 October 2020
Fukuoka, Japan
https ://www.epile psyco ngress.org/congr esses/ aoec2 020/
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