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ABSTRACT - Aims. Rolandic (RE), childhood absence (CAE) and juvenile
myoclonic (JME) epilepsy encompass centrotemporal sharp waves, 3-Hz
spike waves and >3-Hz spike or polyspike waves, respectively. Evidence
abounds for genetic roles in all three syndromes, yet involved genes for
the vast majority of patients remain unknown. It has long been proposed
that while each disease is genetically comple, its specific EEG trait may
represent a genetically simpler endophenotype. This meta-analysis of the
literature focuses on the frequency of EEG traits in clinically unaffected
first-degree relatives towards determining inheritance patterns of the EEG
endophenotypes.

Methods. We used the Preferred Reporting Items for Systematic Review
and Meta-Analysis for protocols (PRISMA-P) and searched Medline,
EMBASE, CINHAL and the Cochrane Central Register of Controlled Trials.
Results. Following extensive screening, 15 studies were included with
a total of 3,858 asymptomatic relatives. The prevalence of ‘abnormal’
EEG waves was 21%, 42% and 33% for JME, CAE and RE, respectively,
close to what would be expected based on Mendelian inheritance.
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However, breaking down the reported EEG abnormalities, most consisted
not of the respective EEG signature traits -prevalences of which were as low
as 5%- but of non-specific EEG ‘abnormalities’/variants.

Conclusions. Prevalence of non-specific EEG ‘abnormalities’/variants in the
general population ranges from 0.1 to 10%. Underlying this 100-fold-wide
range is a spectrum of what is considered ‘abnormal’ or variant. The preva-
lences of ‘abnormalities’/variants in asymptomatic siblings in RE, CAE and
JME significantly exceed even the highest value in the general population
and fall within Mendelian expectations. These results suggest that EEG
‘abnormalities’/variants shared with the general population are enriched
in the three syndromes and are endophenotypes inherited in a geneti-
cally simple near-Mendelian fashion. Future work with modern EEG variant
definitions should uncover genetic variants contributing to neuronal hyper-
synchrony in epilepsy.

Key words: Rolandic epilepsy, childhood absence epilepsy, juvenile myo-
clonic epilepsy, endophenotype, EEG trait, spike wave, sibling, unaffected

The three most common childhood epilepsies are
Rolandic (RE), childhood absence (CAE) and juve-
nile myoclonic (JME) epilepsy, accounting for 15%,
10-15% and 5-10% of cases, respectively (Avanzini
and Noebels, 2009; Panayiotopoulos, 2010; Berg and
Millichap, 2013; Camfield et al, 2013; Pal et al,
2016; Verrotti et al, 2017). There is abundant evi-
dence that genetic factors play important roles in
each of these conditions though none (in the vast
majority of families) is inherited in a Mendelian
fashion, and all three are therefore genetically com-
plex (Anderman and Metrakos, 1969; Delgado-Escueta,
2007; Panayiotopoulos, 2010; Panayiotopoulos et al.,
2012). Despite the genetic and genomic revolutions of
the last three decades, only a few genes have been
associated with these very common diseases, and then
only in a small minority of patients.

The genetic complexities of CAE and JME were already
recognized even prior to the two being carved out of
what was called in the early 1950s, ‘centrencephalic’
epilepsy (Penfield, 1952). In their seminal work,
Metrakos and Metrakos (1961a) reported that approx-
imately 50% of clinically unaffected, age-matched
first-degree relatives of patients with centrencephalic
epilepsy had the same age-dependent generalized EEG
abnormalities as the latter, and suggested that while
the epilepsy itself was not inherited in a Mendelian
fashion, the EEG trait, present as it is in nearly 50%
of young adolescent relatives, may well be (Metrakos
and Metrakos, 1961a). Following the spinoff of CAE and
JME from the parent ‘centrencephalic’ concept, EEG
studies of relatives of these patients continued to be
carried out, but results usually showed rates substan-
tially lower than 50%.

A decade following the work of Metrakos and
Metrakos, studies in RE also reported a rate of EEG
abnormality in clinically unaffected siblings of approx-

imately 50% when the siblings were studied during the
range of childhood years in which RE occurs (Bray and
Wiser, 1964; Heijbel et al., 1975). More recent work,
however, questioned the role of genes in RE, based on
the rate of non-concordance for the clinical syndrome
in monozygotic twins (Valdamudi et al., 2006). Mean-
while, ongoing EEG studies of relatives of RE patients
continued to show rates of EEG abnormalities substan-
tially higher than in children in the general population.
RE, CAE and JME are not only common, they also
are ‘pure’ epilepsies in which the CNS is other-
wise grossly morphologically and functionally intact.
As such, understanding the pathogeneses of these
benign conditions will be highly insightful to the
overall understanding of epilepsy. Solving the genetic
complexities of RE, CAEand JMEwould be greatly aided
if any aspect of these conditions, e.g. their specific
EEG traits, were endophenotypes inherited in simpler,
perhaps a Mendelian, fashion. Given the opaqueness
of, and contradictions in the literature regarding, the
frequencies of EEG abnormalities in unaffected rela-
tives of patients with RE, CAE and JME, we conducted
a systematic review and meta-analysis of this literature
to clarify the current state of knowledge. It is hoped
that this work will serve as a basis and springboard
for additional studies that will resolve the genet-
ics of the epileptiform abnormalities underlying RE,
CAE and JME.

Methods

Protocol

A protocol was developed using the Preferred Report-
ing Items for Systematic Review and Meta-Analysis for
Protocols (PRISMA-P) (Moher et al., 2015) and regis-
tered with the PROSPERO database (CRD42013005615).
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Eligibility criteria

We included studies using cohort, case-control or
cross-sectional methodology examining EEG in asymp-
tomatic relatives (parents, siblings or offspring) of
epileptic patients of all ages. Both English and non-
English language, published and unpublished, reports
were included.

Search

Medline, EMBASE, CINAHL, and the Cochrane Cen-
tral Register of Controlled Trials were searched on
July 5, 2013. Searches were performed with no year or
language restrictions, using the Medical Subject Head-
ings and text words and phrases: Juvenile myoclonic
epilepsy, Janz syndrome, idiopathic epilepsy, genetic
epilepsy, electroencephalograph, humans, childhood
absence epilepsy, pyknolepsy, idiopathic general-
ized epilepsy, centrencephalic epilepsy, Rolandic
epilepsy, benign childhood epilepsy with centrotem-
poral spikes, epilepsy syndrome, and Sylvian seizures.
Appropriate wildcards were used to account for plu-
rals and spelling variations. This search was conducted
by an experienced librarian and peer-reviewed by
another librarian using the Peer Review of Electronic
Search Strategies (PRESS) checklist (McGowan et al.,
2010). The electronic search was supplemented by
scanning the reference lists of included studies and
relevant reviews. The full search strategy for MEDLINE
can be found in the supplementary material and the
others are available upon reasonable request from the
corresponding author.

Study selection

A pilot test was conducted on a random sample of
25 titles and abstract citations. After 94% agreement
was achieved, two reviewers (MT and DB) indepen-
dently screened the search results for inclusion. We
obtained the full-text of potentially relevant articles
and assessed them in a similar manner. Discrepan-
cies were resolved by discussion with a third reviewer
(BAM).

Data collection process

Afterapilot test of 25 articles, two independent review-
ers (MT and DB) performed data extraction on all the
selected articles using the standardized data extraction
form. To ensure accuracy, the reviewers extracted all
data in duplicate and conflicts were resolved through
discussion amongst the team. When multiple pub-
lications reported data from the same population
(companionreports), we considered the study with the
largest sample size as the major publication, and used
the other report(s) for supplementary material only.

Methodological quality

We assessed methodological quality of individual
studies using the Newcastle-Ottawa Scale (NOS)
(Wells et al., 2014), which consists of eight items per-
taining to selection (representativeness of the exposed
cohort, selection of the non-exposed cohort, ascer-
tainment of exposure, demonstration that outcome
of interest was not present at start of study), compa-
rability (comparability of cohorts on the basis of the
design or analysis), and outcome (assessment of out-
come, sufficient duration of follow-up, adequacy of
follow-up). We modified the NOS for cross-sectional
studies to include the following five items: represen-
tativeness of the exposed cohort, ascertainment of
exposure, comparability of cohorts on the basis of the
design or analysis, assessment of outcome, adequacy
of response rate (Higgins and Thompson, 2002; Fnais
et al., 2014; Wells et al., 2014).

Synthesis of results

We described the results narratively and conducted a
meta-analysis using a random effects model, as statis-
tical heterogeneity was expected across the studies.
For the meta-analysis, we combined the extracted data
from the studies to calculate a pooled estimate of
the proportion of abnormal EEG in each population
along with the corresponding 95% confidence inter-
val (Cl) based on a normal distribution (Higgins and
Thompson, 2002). We assessed statistical heterogene-
ity using the I? statistic and depicted the studies in a
forest plot to examine heterogeneity visually. All anal-
yses were conducted using the R statistical program (R
Development Core Team 2010) with the metafor pack-
age (Viechtbauer, 2010).

Results

Study selection and study characteristics

The literature search yielded 10,223 citations. After
excluding 255 duplicates, 9,968 studies were screened
for eligibility. A total of 211 potentially relevant full-
text articles met a preliminary screen for epilepsy, EEG
examinations, and mention of relatives. From these,
191 were excluded because they clearly did notinclude
asymptomatic relatives (86), did not study the epilep-
sies in question or their EEGs (77), did not provide
primary data (10), orwere only abstracts or could notbe
located (18). A total of 15 studies remained. These had
been conducted in Germany (Tsuboi and Christian,
1973; Doose et al., 1973; Degen and Degen, 1992;
Wandschneider et al., 2010), the United States (Alonso
et al., 2005a, 2005b; Bali et al., 2007), Turkey (Atakli et
al., 1999; Akgun et al., 2009), Italy (Serra et al., 2001;
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Verrotti et al., 2013), India (Jayalakshmi et al., 2006),
Sweden (Heijbel et al., 1975), and Canada (Metrakos
and Metrakos, 1961a) and published between 1961 and
2013. EEG recording times ranged from 20 to 60 minutes
with varying capture of sleep.

Of the 15 studies, 11 were included in the meta-
analysis. The design of two studies by Alonso and
colleagues (cohort) differed from all the others (cross-
sectional) and thus could not be combined with the
others in the meta-analysis. Their results are never-
theless shown (table 1), as they represent valuable
relevant data. The two other studies not included in
the meta-analysis are those of Metrakos and Metrakos
(1961a) and Tsuboi and Christian (1973) (table 1), both
of which did not formally specify that the relatives stud-
ied were asymptomatic. However, this information was
gleaned from details in their papers, including their
selection of any-comer (and not multiplex) patients,
and the sheer number of families and relatives stud-
ied. The vast majority of these families and relatives,
given what we know of these epilepsies, would be
expected to be asymptomatic. As such, we conducted
a sensitivity analysis including these two studies in the
meta-analysis, in addition to the 11 studies that were
previously combined.

Juvenile Myoclonic Epilepsy

Six studies specified that their epileptic patients had
JME and reported on EEG abnormalities in the patients
and their relatives (Tsuboi and Christian, 1973; Atakli
et al., 1999; Alonso et al., 2005a; Jayalakshmi et al., 2006;
Akgun et al., 2009; Wandschneider et al., 2010). Two of
these studies were not included in the meta-analysis.
One (Alonso et al., 2005a) was not included because
it differed in design (cohort) from the other studies
(cross-sectional). This study also did not specify the
degree of relatedness between relatives and patients.
Notwithstanding, the results of this study are tabu-
lated: there were 186 JME patients and 1,756 relatives,
of whom 24 (1%) had EEG findings that were consid-
ered abnormal. These abnormalities were: generalized
>3-Hz spike or polyspikes and waves (SPSW) in 15 sub-
jects, 3-Hz spike waves (SW) in three, bursts of focal
or diffuse slowing in four, and bursts of focal or dif-
fuse sharp waves in two (table 7). The study by Tsuboi
et al. was the other JME study not included in the
meta-analysis, because it did not specify whether the
relatives studied were clinically affected or not. There
were 136 JME patients and 370 first-degree relatives of
whom 262 (i.e. 71%) had EEG findings that were con-
sidered potentially abnormal. These were SPSW in 57
relatives and paroxysmal sharp waves in the remaining
205 (table 1).

The remaining four JME studies were all cross-
sectional and specified the relatives as first-degree and
unaffected (Atakli et al., 1999; Jayalakshmi et al., 2006;
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Akgun et al., 2009; Wandschneier et al., 2010). There
was a total of 108 JME patients in these studies and
206 first-degree relatives, of whom 39 (19%) had EEG
abnormalities. These were SPSW in 18, ‘theta waves’ or
intermittent generalized or paroxysmal slowing in 13,
photoparoxysmal response (PPR) in three, centrotem-
poral spikes in three, bifrontal sharp waves in one, and
single spikes in one (table 7).

Childhood Absence Epilepsy

Four studies looked at CAE (Metrakos and Metrakos,
1961b; Doose et al., 1973; Degen and Degen, 1990g;
Alonso et al., 2005b). Two (Metrakos and Metrakos,
1961b; Alonso et al., 2005b) were not included in the
meta-analysis. The Metrakos and Metrakos (1961b)
study did not specify the affected status of the rel-
atives. The patients had ‘centrencephalic’ epilepsy,
and were likely to be predominantly a mix of CAE
and JME cases. There were 211 patients and 418 rel-
atives. Of the latter, 145 had EEG abnormalities (35%),
seven 3-Hz SW, and 138 with an unspecified mix of
what were considered abnormalities (table 7). The
study by Alonso et al. (2005b) was not included in the
meta-analysis because of its different (cohort) design
from the other studies (cross-sectional). In addition,
their CAE cases were ones that evolved into JME and
thus diverge from the common remitting CAE phe-
notype. There were 45 patients and 541 relatives of
whom 38 (7%) had EEG abnormalities, which included
three SPSW, 15 3-Hz SW, and the remainder, a mix of
slow waves and isolated generalized or focal spikes
(table 7).

The remaining two studies (Doose et al., 1973; Degen
and Degen, 1990a) were included in the meta-analysis
and together encompassed 274 patients and 292 sib-
lings of whom 104 (36%) were considered to have EEG
abnormalities. Of these abnormalities, only 12 were 3-
Hz SW and the remainder were a mix of runs of focal
or generalized slow waves or sharp waves or spikes
(table 7).

Rolandic Epilepsy

Five RE studies (Heijbel et al., 1975; Degen and Degen,
1990b; Serra et al., 2001; Bali et al., 2007; Verrotti et al.,
2013) reported on EEG in unaffected relatives. All could
be included in the meta-analysis. Overall, 275 relatives
were studied of whom 82 (30%) had EEG abnormalities
(table 7).

Meta-analysis

Eleven studies (Doose et al., 1973; Heijbel et al., 1975;
Degen and Degen, 1990a; Degen and Degen, 1990b;
Atakli et al., 1999; Serra et al., 2001; Jayalakshmi et al.,
2006; Bali et al., 2007; Akgun et al., 2009; Wandschneider
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et al., 2010; Verrotti et al., 2013) were included in the
meta-analysis. The pooled prevalence of abnormal EEG
inasymptomatic relatives of patients with JME, CAEand
RE was 30.51% (95% Cl: 20.70, 40.33; 12=87.9%). Sepa-
rating according to epilepsy syndromes showed the
highest prevalence in CAE (41.82%), followed by RE
(30.42%) and JME (21.10%). Grouping based on asymp-
tomatic siblings only (i.e. excluding other relatives),
the overall prevalence was 34.76% (95% Cl: 24.79, 44.73;
12=79.61%), and by syndromes: CAE 41.8%, RE 33.76%,
and JME 26.57% (tabulated and detailed in supplemen-
tary table 1 and figure 1).

Grouping according to characteristic EEG abnormal-
ities (SPSW, 3-Hz SW or CTS) or ‘other’, the pooled
prevalences in asymptomatic relatives were: SPSW
7.14%, 3-Hz SW 5.40%, CTS 14.39%, ‘other’ waves
23.56%, and PPR 9.04%. Restricting to siblings alone:
SPSW 7.74%, 3-Hz SW 5.40%, CTS 25.55%, and PPR
14.13% (supplementary table 2 and figures 2-5).

Sensitivity analysis

The sensitivity analysis included the 11 studies as
well as the results reported in the large Metrakos
and Metrakos (1961a) and Tsuboi and Christian (1973)
studies. The pooled prevalence of abnormal EEG in
asymptomatic relatives was 37.15% (95% CI: 25.53,
48.76; 1°=95.03%). In this case, the highest prevalence
was in relatives of patients with JME (42.41%) followed
by CAE (38.43%), and RE (28.55%). When only siblings
were considered, the pooled prevalence was 41.80%
(95% Cl: 31.24, 52.35; 1°=88.78%), divided between sib-
lings of JME (43.66%), RE (33.76%), and CAE (46.41%)
(supplementary figure 6).

The pooled prevalence for SPSW was 10.97%, for 3-
Hz SW 3.57%, and CTS 14.39%. The pooled prevalence
for ‘other’ abnormalities was 31% and for PPR 9.04%.
Considering only siblings, the pooled prevalences
were SPSW 10.97%, 3-Hz SW 4.09%, CTS 25.55%, and
PPR 14.13% (supplementary figures 7-10). Finally, the
pooled prevalence of abnormal EEG in parents was
28.79%.

Quality of included studies

The quality of the included studies is provided in
the supplementary material. More than 50% of the
included studies failed to ascertain exposure ade-
quately.

Discussion

The 15 studies reviewed in this work comprised a total
of 4,912 subjects including 1,054 epileptic patients and
3,858 relatives; large numbers that would be difficult

JME, CAE and RE: EEG of asymptomatic relatives

to obtain in any one independent study. The high-
est percentages of ‘abnormal’ EEG in asymptomatic
relatives are obtained by combining all 15 studies (sen-
sitivity analysis) and focusing on siblings alone, which
is important given the age dependency of the syn-
dromes studied. The pooled numberin that case is 42%
distributed as 44% for JME, 34% for RE, and 47% for CAE.
Accounting for missed abnormalities due to the short
length of routine EEGs, the numbers are sufficiently
close to 50% to suggest that EEG abnormalities in these
common syndromes are autosomal dominant traits, as
proposed by the authors of the earliest and largest
studies (Metrakos and Metrakos, 1961a; Doose et al,,
1973; Tsuboi and Christian, 1973; Heijbel et al., 1975). If
these syndromes indeed include dominant Mendelian
contributions to their EEG endophenotypes, the locus
could possibly be shared across two (e.g. JME and
CAE) or more of the syndromes, or be different in
each. But even in the latter case, if each of JME, CAE
and RE has an underlying dominant locus, it would be
surprising that the mutations in these loci have not
come to light in the current genomic era, in which
many hundreds of these patients have had whole-
exome or genome sequencing. It is possible that these
loci are in yet to be clarified non-coding genomic
regions, or that in each case, there is wide genetic het-
erogeneity with numerous loci separately acting as a
dominant predisposition for the EEG trait in separate
families.

However, when certain studies are excluded, the
numbers change. For JME, if one excludes the large
Tsuboi and Christian (1973) study (506 subjects) on
the grounds that the authors never quite specified
whether the relatives were clinically affected or not,
the prevalence of EEG ‘abnormality’ drops to close
to 27%. Such a number, close to 25%, might suggest
that the EEG endophenotype of JME is an autosomal
recessive trait (or a series of separate recessive traits
in different families). But if one looks closely at what
is meant by EEG abnormalities in the different stud-
ies, the picture becomes even blurrier. For JME, in the
Atakli et al. (1999) study, 20% of siblings (10 of 48 sib-
lings studied) had SPSW, a number that approaches
the overall ~25% figure. However, in the Akgun et al.
(2009) study, the percentage for SPSWwas only 5% (one
of 21 siblings studied), while another 29% of siblings
had ‘theta’ waves (table 7). What are the latter? They
are bursts of slowing that are not quite epileptiform
(i.e. lack spikes), but are unexpected enough to have
been labelled as an abnormality, or potential abnor-
mality. This raises a major question. To what extent are
such irregularities, which in the present age, for clin-
ical purposes, would not be considered epileptiform
actual subtle endophenotypes of potential relevance
towards understanding the genetic underpinnings
of JIME?
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The above issues are even more pronounced in CAE.
Here, the meta-analysis provides a figure of 42% and
the sensitivity analysis 46%. However, if one looks at
the numbers of siblings of CAE patients who have
3-Hz SW, it is no more than 5%, the remainder
of the percentage being made up of ‘theta’ waves
and other non-specific abnormalities/irregularities
(table 7). Again, to what extent the latter constitute
incomplete parts of the syndrome remains unknown.
The situation is slightly clearer in RE. The percent-
ages of EEG abnormalities in unaffected siblings in
the five RE studies range from 22 to 43% (table 7). In
some studies, the entire percentage is composed of
the syndrome-specific CTS trait, while in the others,
substantial portions of the percentages are derived
from non-specific abnormalities such as ‘theta’ waves
and generalized sharp waves (table 7). In the large
Degen and Degen (1990b) study (64 siblings studied),
the vast majority of abnormalities are hypnagogic or
hypnapompic 2.5-4-Hz generalized spikes. This abnor-
mality is not commonly discussed in RE, especially
in clinical practice, where the CTS is considered the
defining feature. However, it has been reported as a
particularity of RE by other authors. Not all the RE stud-
ies reviewed in the present paper included sleep EEG
recording, and none performed overnight EEGs. As
such, it is likely that the percentages of CTS or abnor-
malities related to progression into or out of sleep are
underestimated, suggesting a high EEG endopheno-
type(s) heritability in RE.

The reported incidence of EEG abnormalities in the
general non-epileptic population varies drastically
from les than 0-1% to 10% (Gibbs et al., 1943; Cavazzuti
et al., 1980). This 100-fold range is emblematic of the
same issue as in the above studies of epileptic rel-
atives, namely of the question as to what is meant
by ‘abnormal’. Is uncommon ‘abnormal’, and by what
fold should the frequency of a finding be higher in
epileptic versus non-epileptic families to be consid-
ered ‘abnormal’? Clearly, the EEG in epileptic families
is substantially ‘different’ to that in the general pop-
ulation, with rates of ‘abnormality’ ranging from ~25
to 50% in the former versus a maximum of 10% in
the latter, and therefore there is important informa-
tion on the genetics of epilepsy within the EEG. A
trait occurring at a frequency of 25% in siblings would
likely be considered to be inherited in an autosomal
recessive manner, and at 50% in an autosomal dom-
inant, Mendelian manner. It is possible that ‘defects’
in a single gene inherited in a recessive or dominant
fashion underlie the constellation of EEG ‘abnormal-
ities” in each of the above epilepsies (i.e. one gene
for RE-associated EEG ‘abnormalities’ and one each for
JME and CAE related-‘abnormalities’). It is also possi-
ble that defects in any number of single genes underlie
the set of ‘abnormalities’ associated with each syn-

drome (in other words, that the EEG trait is inherited
in a Mendelian fashion but with genetic heterogeneity,
i.e. different JME families with, for example, segre-
gating ‘defects’ in different single genes). Another
possibility is that variants in different genes underlie
different EEG ‘abnormalities’. Yet another is that vari-
ants in multiple genes summate to result in a range of
‘abnormality’ from simply ‘uncommon’ features (e.g.
‘theta waves’) to frank epileptiform spike waves. How-
ever, it is important to note that a multiplicity of genes
involved cannot be very large, because otherwise rates
in the ‘Mendelian’ range of ~25 to 50% would not be
observed.

Clearly, much work lies ahead, but the genetic tools
that were not available in the previous century of EEG,
now are. Future studies should carefully describe and
correlate EEG irregularities of age-appropriate relatives
of epileptic patients with their genome sequences.
JME, CAE and RE families are highly likely to yield a rel-
atively small number of genes that are important for
understanding why and how otherwise, by and large,
normally developed brains seize.

Key points

e EEG ‘abnormalities’/variants in JME, CAE and RE
extend beyond their signature EEG traits and are
shared with the general population.

e EEG ‘abnormalities’/variants in JME, CAE and RE
are genetically less complex than the clinical syn-
dromes and are useful endophenotypes.

e Prevalences of EEG ‘abnormalities’/variants in JME,
CAE and RE (21%, 42% and 33%, respectively) are
within the Mendelian inheritance range.

e EEG endophenotypes of JME, CAE and RE should
facilitate identification of genes contributing to
hypersynchrony in these common epilepsies.

Supplementary data.
Summary didactic slides and supplementary material are avail-
able on the www.epilepticdisorders.com website.
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TEST YOURSELF

(1) What is the approximate reported prevalence of EEG abnormalities in first-degree relatives of patients with
juvenile myoclonic, childhood absence and Rolandic epilepsies?

A. 0-1%

B. 10-20%

C. 20-50%

(2) Are the reported EEG abnormalities in first-degree relatives of patients with juvenile myoclonic, childhood
absence and Rolandic epilepsies true abnormalities?

(3) Are EEG changes found in relatives of patients with juvenile myoclonic, childhood absence and Rolandic
epilepsies developmental stage specific?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.

Appendix 1. Quality of included studies.

First author Year Representativeness Ascertainment Comparability Assessment Adequacy
of the exposed of exposure of cohorts on the  of outcome of response rate
cohort basis of the design

or analysis

Alonso 2005 B A C A A

Atakli 1999 B A A D A

Akgun 2009 B A A D A

Jayalakshmi 2006 B D C A A

Tsuboi 1973 A C A B A

Wandschneider 2010 C D A D A

Metrakos 1961 A A B A

Degen 1990 B D C D A

Doose 1973 C D B A A

Bali 2007 B A A A A

Degen 1990 B D C D A

Verrotti 2013 B D A A B

Serra 2001 D D C D D

Heijbel 1975 A A C B A
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