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Abstract

Objective—Adults with Juvenile Myoclonic Epilepsy (JME) have subtle brain structural
abnormalities in the fronto-thalamic-cortical network, poorer cognitive function, and worse long-
term social outcomes, even when their seizures are controlled and/or remitted. The natural history
of JIME and development of abnormalities in brain structure and cognition from epilepsy onset has
not been studied.

Methods—The maturational trajectories of cognitive and brain development were prospectively
compared between 19 children with new-onset JME in the first two years after diagnosis and 57
healthy controls.

Results—Cognitive abilities of children with JME were similar to or worse than healthy controls
at baseline but failed to reach the competence level of healthy controls at follow-up across most of
the tested cognitive abilities. Abnormal patterns of brain development, as assessed by magnetic
resonance imaging studies, were evident in children with JME and included attenuation of age-
related decline in cortical volume, thickness, and surface area compared to typically developing
children. The altered brain developmental trajectory in the JME group was evident in higher-
association fronto-parietal-temporal brain regions (p < 0.05, corrected for multiple comparisons).

Interpretation—Children with JME have abnormal structural brain development and impaired
cognitive development early in the course of their epilepsy.

INTRODUCTION

Juvenile Myaoclonic Epilepsy (JME) is one of the most common childhood-onset epilepsy
syndromes, constituting 26% of the Idiopathic Generalized Epilepsies (IGE)*. Although
JME is presumed to have a genetic basis, its specific pathogenesis is unknown. There is now
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substantial evidence demonstrating that individuals with JME exhibit subtle anomalies in
brain structure2=6 and cognition” and poor long-term social outcomes when followed over
25 years8, including depression, social isolation, and underemployment. However, the
natural history of these complications from the time of epilepsy onset remains to be
characterized and is the focus of the current study.

Impairment of cognition is a significant comorbidity in individuals with JME and has a
negative effect on activities of daily living®. Therefore, it is critical to examine the cognitive
developmental trajectory in children with new-onset JME. In adults with chronic JME,
cognitive impairment impacts specific components of executive function including response
inhibition, cognitive flexibility, verbal fluency, and working memory’, while hippocampal
dependent episodic memory is preserved!?. Two aspects of cognitive maturation in JME
crucial to cognitive health have not been studied and are the focus of the current
investigation. First, is cognitive impairment static or progressive over the first two years
after the diagnosis of epilepsy? Second, are components of executive dysfunction affected at
the same rate in JME or are there vulnerabilities for specific aspects of executive function?

The second goal of this study is to determine whether the trajectory of structural brain
maturation in children with JME deviates from that of typically developing children. Prior
anatomical studies in JME were limited by cross-sectional designs2-5. It is now clear that the
dynamics of brain development are better determined by examining changes over time
rather than at a single time point!1: 12, highlighting the importance of the prospective design
in this study. Most of the findings of previous research were based on cortical volume (CV),
which is a composite measure of cortical anatomy with two major determinants: cortical
thickness (CT) and surface area (SA). These dissociable measures of cortical surface
anatomy map different phylogeny; emerging evidence suggests that CT and CV reflect
different aspects of cortical neuronal migration!3. Whereas CT primarily depends on the
number of neurons migrating along radial glial fibers within a cortical column, SA reflects
the number of columns in a cortical region. Further, CT and SA have distinguishable genetic
underpinnings!4 1 and developmental trajectories'6-18. Therefore, establishing the
contributions of CV, CT, and SA disturbances in JME will be informative for understanding
the neurobiological mechanisms underlying altered brain development in JME.

SUBJECTS AND METHODS

Participants

This study was approved by the Institutional Review Boards of the University of Wisconsin-
Madison and the Marshfield Clinic. Informed consent and assent were obtained from
families and children with new- and recent-onset JIME (N=19) and healthy first-degree
cousin controls (N=57), all 8-18 years of age, at the University of Wisconsin-Madison and
the Marshfield Clinic (Marshfield, W1). Entry criteria included the diagnosis of JME within
the past 12 months, absence of other developmental disabilities, no other neurological
disorder, normal neurological examination, normal routine MRI scan, and attendance in
regular classrooms (i.e., not special education). All IME participants had: 1) EEG showing
4-6 Hz polyspike and slow-wave generalized discharges (independently reviewed by a
board certified clinical neurophysiologist blinded to clinical, cognitive, and neuroimaging
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data), and 2) history of myoclonic jerks, with or without generalized tonic-clonic seizures
(GTCS). A pediatric neurologist certified by the American Board of Psychiatry and
Neurology diagnosed JME according to the international classification of epilepsyl® 20, The
date of clinical diagnosis was determined by review of medical records and confirmed by a
consensus conference. There was no relationship between age of onset of JME and baseline
age-adjusted cognition (all p’s > 0.20). In addition, during the initial research visit, parents
underwent a structured clinical interview that inquired into, among other clinical items,
possible or probable seizures antecedent to the events, which led to the diagnosis of JIME.
There were 4 children who likely experienced unrecognized seizures antecedent to the
child’s diagnosis of JME. There was no difference in cognition between these children
versus the others without antecedent seizures (all p’s > 0.10). Control participants were first-
degree cousins of the JME participants. Criteria for controls included no history of: 1) initial
precipitating event (e.g., febrile seizures), 2) seizure or seizure-like event, 3) diagnosed
neurological disorder, 4) loss of consciousness for > 5 minutes, or 5) family history of a
first-degree relative with epilepsy or febrile convulsions. The 5-minute duration for loss of
conscious was prospectively selected based on published guidelines for assessing severity of
head injury?L. However, none of the control subjects had a prior history of head injury.
Control participants also performed in the average or above average range across all
administered cognitive tests, after adjusting for age and education. We selected first-degree
cousins to minimize shared genetic factors that might contribute to anomalies in brain
structure and cognition, while at the same time controlling for potential socioeconomic
confounds. There were no significant differences between JME and control families in terms
of parent 1Q (Wechsler Abbreviated Scale of Intelligence, controls: 109.7£12.22, JME:
110.82+15.41, p=0.80), and paternal employment status (full-time, part-time, unemployed;
mother’s (Chi=4.72, p=.19), father’s (Chi=2.68, p=0.44)), indicating similar socioeconomic
status between the two groups. Table 1 outlines the demographic characteristics of the study
participants. The control group averaged 2.3 years younger than the JME group (p<0.01; t-
test) but there was a similar gender distribution (p=1.0; Fisher’s exact test). Therefore, all
analyses included age and gender as covariates.

Clinical outcomes and antiseizure drugs

We recorded JME participants’ seizure frequency and their antiseizure medications during
the two years of follow up. We considered all types of seizures when computing seizure
frequency (e.g. generalized tonic clonic, myoclonic, absence), although parental
documentation of subtle seizures such as absence seizures may not be as reliable as more
clinically overt seizure types. Seizure freedom was defined by congruent reports from the
attending child neurologist and research interview with parent and child. Seizures
discovered during research interviews were subsequently related to the attending neurologist
and the child’s seizure frequency rating adjusted accordingly. For individuals treated with
VPA, we summated their daily dose for each month and then calculated the average daily
dose over the first two years of treatment. This calculation provided an accurate assessment
of medication dose adjustments. Seizure severity was measured with the Liverpool Seizure
Severity Scale for Children in those participants with active seizures (=1 seizure in past
year). The scale is based on the adult version?? and consists of 10 questions with good
internal consistency (alpha 0.71-0.84) and test-retest correlation (r=0.67-0.84)23,
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Neuropsychological assessment

All participants were administered a comprehensive test battery at baseline and the battery
was repeated at the 2-year follow-up. General intellectual skills were assessed with the
Wechsler Abbreviated Scale of Intelligence (WASI; full-scale 1Q)24. Given that
frontothalamic hyperexcitability is the core pathophysiology of JIME2®, we targeted facets of
executive function and processing speed, including novel problem-solving ability (Card Sort
Test from the Delis—Kaplan Executive Function System [D-KEFS]) 25, response inhibition
(color word interference test from D-KEFS), and cognitive/psychomotor processing speed
(Digit-Symbol Coding Test from Wechsler Intelligence Scale for Children Third Edition)?’.

MRI acquisition

Two sets of T1-weighted three-dimensional spoiled gradient recalled (SPGR) images were
acquired two years apart (2.02 £ 0.07 years) on the 1.5-Tesla GE Signa MR scanner at the
University of Wisconsin-Madison (TR = 24 ms, TE =5 ms, flip angle = 40°, Slices = 124,
plane = coronal, slice thickness = 1.5 mm, matrix = 256x256). Longitudinal MRI data were
available for analysis in 16 of the 19 JME participants and 36 of the 57 healthy controls.
MRI scans (baseline and/or follow-up) were contraindicated in 15 healthy controls due to
metal braces and claustrophobia. Two MRI scans in JME and 6 MRI scans in healthy
controls were excluded due to movement artifacts. One JME participate and 5 healthy
controls did not return for follow-up MRI scan. Subjects with and without MRI scan showed
similar demographic profiles (controls: scanned vs. nonscanned; age p=0.32; gender p=0.26;
JME: scanned vs. nonscanned age p=0.23; gender p=0.60).

Analyses for the possibility of scanner effect

A required change to another 1.5 Tesla GE scanner was made at the University of
Wisconsin-Madison during the course of the study. The MRI scans of a comparable
proportion of children with JIME (63%, n=10) and healthy controls (56%, n=20) were
acquired on different 1.5 Telsa GE scanners at baseline and follow-up. The remaining
children underwent investigations on the same scanner at both times. Phantom studies
showed less than 1% volume difference between the two GE scanners. We further examined
possible scanner effects by investigating differences in the rate of prospective cortical
thickness changes between healthy controls who were scanned on the same scanner (n=16)
versus healthy controls who were scanned on two different scanners (n=20). Only a small
area of the left posterior superior temporal gyrus (Talairach coordinates: —60, =41, 11)
showed sensitivity to effects of different scanners, after controlling for age and gender. This
region of interest (ROI) represented an average of 1.17% + 0.17% of total gray matter
volume (TGV) and thus was consistent with results of the phantom study (ROl = 9130
+1603 mm3; TGV = 778828 + 9318 mm?3). When we used false discovery rate (instead of
cluster correction) to correct for multiple comparisons, there were no differences in
prospective cortical thickness changes between the two groups. In summary, minimal effects
were associated with the MR equipment change.
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Prospective changes in cortical thickness

The T1 volumetric MRI scans were used for cortical reconstruction and segmentation using
FreeSurfer image v5.1.0 software (http://surfer.nmr.mgh.harvard.edu/). FreeSurfer computed
each participant’s CV, CT, and SA across the entire cortical mantle28: 29, The data were
smoothed using a surface-based kernel of 20-mm radius. We used FreeSurfer’s longitudinal
stream30 to process a set of serial MRIs from each study participant. Specifically, an
unbiased within-subject template image is created using robust, inverse consistent
registration3L. Several processing steps, such as skull stripping, Talairach transforms, atlas
registration, spherical surface maps, and parcellations are then initialized with common
information from the within-subject template, substantially increasing reliability and
statistical power30,

Statistical analysis

Raw cognitive test scores were obtained for each subject at baseline and follow-up. Age and
gender were entered as covariates in a mixed (group, time) two-way MANCOVA. Because
group by time interactions were hypothesized, simple effects were examined with one-way
MANCOVA:s. Statistical analyses were conducted using JMP 10 (SAS Institute Inc.).
Prospective changes in CV, CT, SA over two years were examined vertex-by-vertex, using a
general linear model. To estimate prospective neurodevelopmental changes more precisely,
we controlled for baseline differences in cortical anatomy (CV, CT, SA). Change in cortical
anatomy for the two time points was first obtained separately in each group, followed by
group-wise comparisons (i.e. JME vs. controls). To control for multiple comparisons, a
cluster correction was applied to all anatomical analysis using Monte Carlo stimulation with
10000 iterations (vertex-wise threshold of p<0.05)32.

RESULTS

Seizure outcome and antiseizure medication usage

At the 2-year follow-up, 5 of the 19 children with JME were seizure free for at least 12
months and were not taking an antiseizure medication; 4 of the 19 children were seizure free
for at least 12 months but remained on medication. The remaining 10 children with JME had
at least one seizure in the past year (with 2 of these children not on medication). At 2-year
follow-up, 7 were on VPA, 1 was on both VPA and lamotrigine, 4 were on lamotrigine, and
7 were not taking antiseizure medications. No significant correlation was found between
seizure severity score and daily VPA dose (p=0.88). We have continued to follow this
cohort and a review of the subsequent clinical chart revealed that discontinuation of
medication at the time of the 2-year follow-up was temporary in 4 of the 7 JME participants
as they resumed taking seizure medications 1 to 9 years later due to seizure recurrence.

Prospective changes in cognition

Both the JME and control groups improved their cognitive abilities over the two years,
demonstrating age-dependent cognitive development. However, significant group
differences existed for baseline and follow-up scores as well as the rate of improvement for
some measures (Figure 1). Full scale 1Q was not significantly different at baseline (p=0.30),
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but the JME group performed more poorly at follow-up (p=0.003) with a significant group
by time interaction (p=0.009). Response inhibition and psychomotor speed scores were
significantly lower at baseline (p<0.01) and follow-up in the JME group (p<0.04) with no
group by time interaction (p>0.10), indicating early (baseline) cognitive impairments in IME
but with interval improvement at a similar rate as control participants. Thus, children with
JME did not “catch-up” to controls after two years (Figure 1B, C). Problem-solving abilities
showed neither significant group differences at the two time points (Time 1, p=0.17; Time 2,
p=0.31) nor group by time interaction (p=0.26).

changes in cortical volume: within group comparison

Figure 2A shows changes in cortical volume over the first two years following JME
diagnosis. In the IME group, there were small regions of decreased cortical volume located
in bilateral parietal cortex as well as left posterior cingulate and insular cortex (blue; areas;
Figure 2A). In contrast, prospective thinning of the neocortex occurred in the healthy control
group with gray matter volume loss in bilateral cerebral hemispheres (Figure 2B). All
regions survived cluster correction for multiple comparisons (2-tailed, p<0.05). Note that
neither group showed increased cortical volumes.

changes in cortical surface anatomy: between group comparisons

As can be seen in Figure 3A, over the two years following epilepsy diagnosis, the JIME
group demonstrated significantly greater CV, relative to healthy controls, in the bilateral
fronto-parietal and posterior temporal association network (2 tailed, p<0.05, cluster
corrected). Specifically, the IME group exhibited significantly higher volume compared to
controls in the superior frontal gyrus, sensorimotor, temporal, parieto-occipital, fusiform,
retrosplenial, and posterior cingulate cortex. We then examined the underlying contribution
of CT and SA to the observed differences in CV. We again found greater CT in the JIME
group relative to controls, with spatial distribution largely overlapping with those found with
CV in bilateral fronto-parietal and posterior temporal regions. Higher SA in the right
superior parietal and inferior frontal cortex provided additional contribution to the increased
cortical volumes observed in JME. In summary, the JME group demonstrated higher CV
relative to controls over the prospective 2 years with most of the variance accounted for by
increased CT and smaller but distinct contributions from the expansion of SA.

DISCUSSION

Our study shows for the first time how the dynamics of cognitive development and cortical
maturation diverge between children with new-onset JME and healthy controls. The core
findings include: 1) Cognitive abilities of children with JME were at times similar but
generally worse than healthy controls at baseline, followed a variable temporal course over
the first two years after the diagnosis of epilepsy, but failing to reach the competence level
of healthy controls at follow-up across most of the tested cognitive abilities. 2) Abnormal
patterns of brain structural development were evident in children with JME and were
characterized by attenuation of age-related decline in CV compared to typically developing
children. The altered brain developmental trajectory in the JME group was evident
particularly in higher-association fronto-parietal-temporal brain regions. 3) CT
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dysmaturation, and to a lesser extent SA dysmaturation, appeared to drive
neurodevelopmental differences between JME and typically developing children.

Our prospective investigation quantified these cognitive changes over time, revealing how
early (baseline) cognitive impairment evolves from the diagnosis of epilepsy. The
intellectual levels of children with new-onset JME compared to healthy controls were non-
significantly lower at baseline but diverged over the following two years, with the IME
group showing significantly slower gains (not progressive decline) compared to the controls.
Thus, the delayed intellectual progress of children with JME appeared after the diagnosis of
epilepsy, suggesting an impact of the disorder on cognitive development. However, baseline
and prospective changes in components of diverse executive functions revealed trajectory
patterns distinct from intellectual development. Response inhibition and psychomotor speed
were significantly impaired at baseline and follow-up in the JME group compared to
controls, but the two groups showed parallel rates of development over the next two years.
Whereas the presence of baseline cognitive deficits suggests an antecedent impact of JME,
the similar rates of cognitive development between the two groups imply that these aspects
of executive function are less vulnerable to ongoing JME-related changes. Interestingly,
problem solving abilities were relatively intact in our cohort during the early course of IME.
This component of executive function is often impaired in adults with JME33-35, suggesting
that disease-related factors may adversely impact the long term performance of this ability.
Taken together, distinguishable patterns of cognitive trajectories in children with JIME
emerge from this study, implying both antecedent (lower baseline with parallel
developmental trajectory) and modest disease-related contributions (similar baseline but
slower gain over time).

In addition to altered cognitive trajectory, we also found abnormal patterns of brain
maturation in children with new-onset JME. Specifically, a selective pattern of higher
cortical volume relative to controls was evident in the frontal, temporal and parietal regions
(Figure 1). Some of these cortical regions were part of the fronto-thalamic-cortical networks
frequently emphasized in cross-sectional imaging investigations of adults with chronic
JMEZ2 3.5.6 (e.g. mesial frontal, supplementary motor, posterior cingulate cortex). Other
brain regions, including the temporal lobes and fusiform cortex, have also been implicated in
chronic JME3: 3. Collectively, JME appeared to preferentially impact associative cortices
that are crucial for higher order cognitive processing. However, as discussed below, cortical
anatomy is clearly modulated by age and thus our findings are difficult to compare with
findings in adult studies.

Our study demonstrates that maturational changes of CV in JME arise through a complex
interplay between CT and SA. This observation is important because different cellular
mechanisms govern the phylogeny of CT and SA13. The formation of the cortical SA
involves radial deployment of projection neurons migrating from the ventricular zone, via
glial fibers, to reach the cortical plate and form ontogenetic radial columns. Thus
proliferation of progenitor cells in the ventricular zone results in increased numbers of radial
ontogenetic columns and the expansion of cortical SA. In the second phase of neurogenesis,
post-mitotic neurons grow linearly by dividing along the radial glial fibers, which in turn
determines CT. Perturbations in both CT and SA in JME found in this study may reflect
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multiple phylogenetic processes; while developmental alterations in CT were more
pronounced, SA was also affected, which suggests that JME impacts a more global
disturbance in the mechanisms that guide cortical development. In support of this notion,
preliminary evidence suggests that some of the genes associated with JME regulate cortical
formation, impacting both CT and SA36. For example, mutation of EFHC1, which accounts
for 3-9% of JME, is associated with disruption of both radial and tangential neuronal
migration during brain development in a rodent model. Given that tangentially migrating
neurons are typically inhibitory interneurons, whereas radially migrating neurons are
excitatory3’, aberrant cortical development may also influence cortical excitability and
epileptogenesis. In summary, the neurodevelopmental differences between JME and healthy
controls found in this study may reflect disruption of cortical development and thus offer
new neuroimaging markers for future investigations.

Simultaneous examination of multiple dimensions of cortical anatomy (i.e. CV, CT, SA)
also provides insights into the temporal trajectory of brain development. In general, cortical
development follow an inverted-U trajectory, which increases during childhood, peaking
around 8 to 10 years old, and then declines in adolescents!®: 18 (see exception for linear and
quadratic patternl6). In the age range of our participants, the adolescent controls likely have
reached their developmental plateaus and were undergoing age-related reductions in cortical
morphometry (Figure 2B). In contrast, delayed cortical maturation was evident in the JIME
group, showing significantly greater CV, CT, and SA, compared to controls. The
dysmaturational pattern in CV and CT findings may be a result of reduced gray matter
pruning over the first two years after IME diagnosis3®. However, myelination is incomplete
in children and areas of terminal myelination including gyral tips could appear relatively
“dark” on T1 weighted images and thus could be classified as gray matter. Further,
proliferation of myelin into margins of cortical neuropil also influences changes in cortical
anatomy3°. Changes in gray and white interface might reflect “neuropil” rather than
exclusively gray matter morphology. Regarding surface area, a recent study demonstrated
that widened sulcal width and reduced sulcal depth accounted for decreased SA in typically
developing adolescents, in an age range similar to our cohort*®. Whether altered sulcal
morphology is the underlying mechanism of SA dysmaturation in JME will require future
exploration.

Our findings support a growing literature in the pediatric idiopathic epilepsies that cognitive
and brain developmental abnormalities are present at the onset of epilepsy*!. Results from
the Childhood Absence Epilepsy (CAE) Study Group demonstrated that 36% of children
have attention deficits prior to or within one week of initiating medication treatment?2,
Further, seizures > 20 seconds found on pretreatment EEG was associated with poor
baseline attention*3. Individuals with CAE showed decreased fMRI activation in the medial
frontal cortex compared to controls while performing attentional vigilance tasks*®.
Contrasting our findings in JIME, other aspects of executive function in CAE were
unaffected3. Thus, syndrome specific as well as overlapping cognitive abnormalities exist
across idiopathic generalized epilepsies. Whereas the presence of cognitive abnormalities at
epilepsy onset has been demonstrated, our study uniquely emphasizes the natural history of
JME, uncovering parallel cognitive trajectory and brain maturational alterations.
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Study limitations and future directions

There are several limitations in our study. First, our JME sample size was modest but the
prospective design required stringent entry criteria with a tightly timed two-year follow-up.
Second, in terms of brain development, whereas gray matter abnormalities were evident in
our study, we did not assess white matter and functional connectivity. Future studies using
multimodal imaging techniques, including diffusion tensor imaging and resting functional
imaging, will complement the current findings. Third, the influence of antiseizure
medication on brain morphometry and cognition is a concern, especially for VPA, a
medication that has been associated with reduced cortical thickness*®. Our observational
study followed the natural history of JME and thus inherent in the design was the
nonrandom assignment of antiseizure medications, which precludes isolation of VPA’s
impact. A related issue is whether our core cognition and imaging findings were driven by
the group of children on VPA. Retrospective analysis showed that our primary findings were
not impacted by this group of children. Specifically, the group of children on VPA
compared to those unexposed to this medication exhibited no differences in cognitive
development and very circumscribed regions of decreased CV and CT located distant from
the primary imaging findings (data available from authors).

Despite these limitations, our prospective investigation of children with new-onset IME
uncovers abnormal brain and cognitive development shortly after diagnosis. Understanding
deviations in the trajectory of early development sets a foundation to ask questions regarding
long-term developmental outcomes. First, do these developmental abnormalities represent
permanent lags or temporary delays, especially in individuals with remitted epilepsy?
Second, although their seizures are often controlled, individuals with JME usually require
long-term antiseizure medication treatment. How medications influence long-term
neurodevelopment remains an important question. Third, even when seizures are controlled,
a substantial portion of individuals with JME exhibit high rates of underemployment, social
isolation, impulsivity, and depression® and it is unknown if brain developmental phenotypes
could predict these long-term social outcomes. These represent critical research and clinical
topics for the future.
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Plots of prospective changes in age- and gender-adjusted raw scores in intelligence (A),

psychomotor speed (B), and response inhibition (C) for the JME group (blue line) and

healthy controls (red line). P-values of group by time interactions are denoted on top of each

plot. Significant group differences at baseline and follow-up are denoted by asterisks

(*=p<0.05; **=p<0.01, ***=p<0.001).
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Figure 2.
Prospective cortical volume changes in the new-onset JME group (A) and the healthy

control group (B). The significance of changes is shown as p-value maps (corrected for
multiple comparisons) of increased (yellow/orange regions) and decreased (blue regions)
cortical volume over the two-years.
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Figure 3.
Differences in cortical development between JME and healthy controls. IME group

demonstrated higher cortical volume and cortical thickness in the bilateral fronto-parietal-
temporal association regions over the prospective 2 years. JME group also showed greater
expansion of surface area in right parietal and frontal regions, compared to controls. Color
maps indicate significant p-values (corrected for multiple comparisons), with yellow/orange
colors denoting JME group had higher values (JME > controls) and blue areas denoting
lower values (JME < controls), relative to controls.
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Table 1
Demographic features of study groups

Healthy controls | JME
N 57 19
Baseline age (years) 12.6 (0.40) 14.9 (0.71T)
Gender (F/M) 37/30 9/10
Time between baseline and follow up (months) | 24.3 (0.1) 24.4 (0.2)
Age of epilepsy diagnosis (years) - 14.0 (0.74)
Epilepsy duration (months) at baseline scan - 8.4 (0.87)

Data are shown as mean (standard error) JME=Juvenile Myoclonic Epilepsy; F=female, M=male
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