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Department of Pediatric Neurology, Capital Institute of Pediatrics, Beijjing, China

Neuropsychological studies indicate that new-onset childhood absence epilepsy
(CAE) is associated with deficits in attention and executive functioning. However, the
contribution of these deficits to impaired academic performance remains unclear. We
aimed to examine whether attention and executive functioning deficits account for the
academic difficulties prevalent in patients with new-onset CAE. We analyzed cognitive
performance in several domains, including language, mathematics, psychomotor
speed, spatial ability, memory, general intelligence, attention, and executive functioning,
in 35 children with new-onset CAE and 33 control participants. Patients with new-onset
CAE exhibited deficits in mathematics, general intelligence, attention, and executive
functioning. Furthermore, attention deficits, as measured by a visual tracing task,
accounted for impaired arithmetic performance in the new-onset CAE group. Therefore,
attention deficits, rather than impaired general intelligence or executive functioning,
may be responsible for arithmetic performance deficits in patients with new-onset CAE.

Keywords: childhood absence epilepsy, attention, executive function, arithmetic performance, neuropsychological
test

INTRODUCTION

Childhood absence epilepsy (CAE) is a common type of epilepsy that affects approximately 8%
of preschoolers and school children with epilepsy (1). CAE is clinically characterized by a typical
electroencephalography (EEG) pattern, frequent staring spells, and generalized 3-Hz spike-wave
discharges (2). Although CAE was previously considered to be a “benign” epilepsy syndrome that
is relatively easy to control (3, 4), more recent studies have reported that children with CAE exhibit
neurocognitive functional deficits (1, 5, 6). In particular, patients with CAE demonstrate deficits
in visuospatial skills (1), attention (6), and verbal memory (7), and executive functioning and
motor control (8). Attention and executive functioning deficits have been reported even in patients
without seizures (5). In addition, impairments in attention, executive functioning, and academic
performance (including language and mathematics) have been reported even in patients who have
been newly diagnosed with CAE (5, 9).

Impairments in executive functioning negatively impact academic performance and achieve-
ment (5). However, the relationships between attention or executive functioning and academic
performance in patients with new-onset CAE have not been elucidated. In this study, we evaluated
a group of children with newly diagnosed and untreated CAE, to test the hypothesis that patients
with new-onset CAE would exhibit deficits in attention and executive functioning that may account
for academic difficulties.
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MATERIALS AND METHODS

Patients and Control Group Selection

This study recruited 35 patients (14 boys and 21 girls) with a his-
tory of untreated typical CAE, from the Department of Pediatric
Neurology at the Capital Institute of Pediatrics in Beijing of
China (Table 1; Figure 1). Enrolled patients met the following
inclusion criteria: (1) clinical diagnosis of CAE according to the
classifications of epileptic syndromes of the International League
Against Epilepsy (10); (2) EEG showing a normal background
and 3-4 Hz generalized spike and wave discharges during the
ictal period, or an absence attack induced by hyperventilation;
and (3) being newly diagnosed and drug naive. The exclusion
criteria were as follows: (1) presence of any other type of seizure
or seizure disorder, including tonic-clonic, myoclonic, and par-
tial seizures; (2) any previous exposure to drugs; (3) any brain
abnormality evident in magnetic resonance imaging or any other
neurological disease; and (4) inability to independently complete
the tasks. The treatment was initiated in 1 day immediately after
the neuropsychological testing.

The control group included 33 healthy participants (18 boys
and 15 girls), who were recruited from a local primary school and
ajunior high school in Beijing. The mean age at the time of testing
was 7.5 years (range, 5-12 years). The control group was matched
with the CAE group for age and sex. This study was approved by
the Human Research Ethics Committee at the Capital Institute

TABLE 1 | Demographic characteristics of patients with new-onset CAE and
control participants (mean + SD).

Characteristics New-onset CAE Control P value
(n = 35) (n =33)
Age (years), mean + SD (range) 7.3+ 1.3(5B-10) 6.8+ 1.1(5-9) 0.14

Gender (boys/girls) 14/21 18/15 0.23
Age at onset, years (SD) 6.7 (1.9) N/A N/A
Duration of epilepsy (time to 7(7) N/A N/A

diagnosis), months (SD)

N/A, not applicable; CAE, childhood absence epilepsy.

of Pediatrics (approval no.: SHERLL 2015023). Written informed
consent was obtained from the parents of all participants prior to
research participation.

Neuropsychological Tests

Participants in the patient and control groups completed a
neuropsychological test battery that included measures of
general cognitive processing (i.e., psychomotor speed, spatial
ability, memory, general intelligence, attention, and executive
function), language processing (i.e., semantic comprehension),
and mathematical processing (i.e., arithmetic and numerical
magnitude processing). Table 2 provides details regarding the
target cognitive domains and the specific abilities assessed by
each test.

All tests were programmed using web-based applications from
the Online Experimental Psychological System (www.dweipsy.
com/lattice) (11). For all, but two, tasks children responded by
pressing one of two keys (“P” or “Q”) on a computer keyboard;
for visual tracing and the Wisconsin Card Sorting Test, partici-
pants clicked a mouse to choose the correct answer. Participant

TABLE 2 | Neuropsychological test battery.

Domain Ability Tests
Language Semantic comprehension Word semantics
Mathematics Numerical magnitude Number comparison

processing
Arithmetic/computational fluency Simple subtraction

Psychomotor speed  Processing speed Choice reaction time

Spatial ability Spatial perception Mental rotation

Memory Forward verbal working memory  Forward digit span
Backward verbal working Backward digit span
memory

General intelligence  Non-verbal matrix reasoning Raven’s Progressive

Matrices

Attention Visual attention Visual tracing

Executive Response inhibition and mental ~ Wisconsin Card Sorting

functioning flexibility Test

quency

Frequency
=]
N

Fre

[5, 6] 6, 7] (7, 8] (8,9]
Age (years)

[35,45] (45, 55]

(55,65 (65,75 (75, 85] [1,6] (6,11] (11,16] (16,21] (21, 26] (26, 31]
Age at onset (years)

FIGURE 1 | Histogram of patients’ characterization such as age, age at onset, and time to diagnosis.

Duration of epilepsy (months)
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responses were automatically recorded by the computer and
relayed to a server via the Internet.

Word Semantics

This task was similar to a previously reported task that evaluated
semantic comprehension of language ability (12, 13). Task stimuli
were selected from textbooks used in primary schools between
the first and ninth grades. For each trial, a sentence containing a
missing word was presented in the middle of a computer screen,
and two candidate words were presented beneath the sentence. To
complete the sentence, participants pressed the “Q” key to choose
the answer on the left and the “P” key to choose the answer on
the right.

Number Comparison Task

This task was adapted from a previously described number com-
parison test to evaluate numerical magnitude processing (14).
One-digit Arabic numbers of identical or differing size were pre-
sented on the computer screen. Participants were asked to decide
which number had a larger numerical magnitude, irrespective of
the physical size of the numbers. The ratio of differently sized
numbers was 1:2. Participants pressed the “Q” or “P” key to
choose the answer. The task consisted of 84 trials separated into
3 sessions (i.e., 28 trials per session) in a randomized order, with
two 30-s rest periods.

Simple Subtraction

This task consisted of 92 simple subtraction problems (e.g., 6 — 2,
17 — 8). The minuends were 18 or smaller, and the differences
were single-digit numbers (11). Two candidate answers were pre-
sented beneath each problem. Participants pressed the “Q” or “P”
key to choose the answer. Each incorrect candidate answer was
within 1-3 values of the correct answer (i.e., +1, +2, or +3). This
task was time limited to 2 min and usually evaluated arithmetic
or computational fluency ability (15).

Choice Reaction Time

This task was adapted from a previously described task that was
used to evaluate processing speed (16). For each trial, a white
dot was presented to the right or to the left of a fixation cross on
a black screen. The localization of the dot was within 15° of the
visual angle of the cross. Participants pressed the “Q” or “P” key
to judge the localization of the white dot. The task consisted of
30 randomized trials with the duration of interstimulus interval
randomly varying between 1,500 and 3,000 ms.

Mental Rotation

This task was adapted from the mental rotation task to assess spa-
tial perception (17). For each trial, one three-dimensional figure
(i.e., the target figure) was presented on the top of the screen, and
two candidate figures were presented beneath the target figure.
Participants had to select the figure that represented a rotated
version of the target figure by pressing the “Q” or “P” key. The
matching figure varied between a 15° and 345° rotation angle,
with an interval of 15°, whereas each non-matching figure was
the rotated mirror image of the target figure. The test consisted of
180 trials in total and was time limited to 3 min.

Forward or Backward Digit Spans

This task was adapted from the digit span test of the Wechsler
Intelligence Scale, which tests verbal working memory (18).
A series of digits was presented orally through a pair of ear-
phones, and each lasted for 200 ms. The test began with two items
(digits) for forward digit spans and increased gradually until the
participant failed to input the digits three consecutive times.
For forward digit spans, participants needed to input the digits
in accordance with the digit order, whereas for backward digit
spans, participants were asked to type the digits according to the
reverse order of the digits. The test lasted approximately 10 min,
but was not time limited.

Raven’s Progressive Matrices

A simplified version of Raven’s Progressive Matrices was used
to evaluate general intelligence (19). Participants were asked
to identify the missing segment that would complete a figure’s
pattern. Participants pressed the “Q” or “P” key to choose the
candidate answers beneath each problem. The test consisted of 80
trials and was time limited to 3 min. The task was used to evaluate
non-verbal matrix reasoning.

Visual Tracing

This assessment was adapted from a previously described visual
tracing test to evaluate visual attention (20). Several curved lines
were interwoven within a square, starting from the left side
and ending on the right side. Participants were asked to track a
specified line using only their eyes and to mark the correct end
point. The degree of difficulty increased as the number of lines
increased. The task consisted of 12 trials, each with 3 target lines,
and duration was 4 min.

Wisconsin Card Sorting Test

This task was adapted from the manual version of the Wisconsin
Card Sorting Test, which is used to assess response inhibition
and mental flexibility of executive functioning (21, 22). The task
stimuli included target cards and response cards. Participants
were asked to turn over response cards by clicking a mouse
and to match each response card with one of the target cards
according to one of three principles: color, form, or quantity.
Participants were asked to determine the sorting principle based
on feedback (a smiling face indicating a correct response or a
sad face indicating an incorrect response). Duration of this task
was 20 min.

Procedure
The neuropsychological test battery was administered to par-
ticipants in two 45-min sessions, in an examination room. For
each test, instructions were given, followed by a practice session.
The practice session contained either four or six trials, similar
to the formal test session. Participants were free to ask ques-
tions to test administrators during the practice session. After
the practice session, participants could press any key to begin
the formal test.

The tests were conducted in the same order for all participants.
Each participant was monitored by one tester who was familiar
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with the standardized testing procedures. All data were collected
from January 2014 to March 2016.

Statistical Analyses

For all, but one, tests (i.e., the choice reaction time test), cor-
rected scores were calculated by subtracting the number of
incorrect responses from the number of correct responses to
account for guessing (14, 23-25). For the choice reaction time
test, the median reaction time was calculated. One-way analysis
of variance (ANOVA) compared performance (i.e., continuous
variables) on all tests between the new-onset CAE group and the
control group. Chi-squared tests were used to analyze sex differ-
ences (i.e., categorical variables).

Analysis of covariance (ANCOVA) was conducted to
examine the relationships among general cognitive processing,
language processing, and mathematical abilities. Attention and
executive functioning, as well as other cognitive measures (i.e.,
choice reaction time, mental rotation, forward and backward
digit span, and Raven’s Progressive Matrices), were also treated
as covariates to test mathematical processing differences
between the groups. In addition, correlation analyses were
performed to investigate the relationships between key study
measures.

TABLE 3 | Mean (SD) values and one-way ANOVAs of cognitive test scores in
patients with new-onset CAE (n = 35) and control participants (n = 33).

Tests New-onset CAE Control F
Word semantics 9.34 (9.44) 12.15(11.79) 1.18
Number comparison 54.74 (29.74) 66.85 (10.69) 4.87*
Simple subtraction 23.26 (10.37) 30.67 (11.04) 8.15**
Choice reaction time 619.40 (174.41) 547.58 (250.28)  1.90
Mental rotation 10.14 (9.31) 12.73 (10.44) 1.16
Forward digit span 3.80 (3.33) 4.88 (3.40) 1.75
Backward digit span 2.54 (2.43) 3.33 (2.06) 2.09
Raven’s Progressive Matrices 10.94 (7.96) 15.27 (6.92) 5.71*
Visual tracing 6.11 (5.64) 9.76 (5.23) 7.60**
Wisconsin Card Sorting Test 45 (29.15) 65.97 (18.54) 12.36**
o < 0.05.

*p < 0.01.

CAE, childhood absence epilepsy; ANOVA, analysis of variance.
All children in both groups completed all tests.

RESULTS

Population Characteristics

The demographic and neurological characteristics of participants
are summarized in Table 1. No differences were found between
the new-onset CAE group and the control group with respect to
age (F=0.19, p = 0.66) or sex (> = 1.44, p = 0.23).

Neurocognitive Profiles

The mean score and SD for all tests, according to group, are listed
in Table 3. The one-way ANOVA showed that the new-onset
CAE group had impaired performance compared to the control
group on three tests of general cognitive processing: Fi ¢ = 5.71,
p < 0.05, and nﬁ = 0.080 for Raven’s Progressive Matrices;
Fi.es = 7.60, p < 0.01, and n}z) = 0.103 for visual tracing; and

Fi, ¢ = 12.36, p < 0.001, and ‘qi = 0.158 for the Wisconsin Card
Sorting test. The new-onset CAE group also had impaired per-
formance compared to the control group on the two arithmetic
performance tests: Fi ¢ = 4.87, p < 0.05, ni = 0.069 for number
magnitude comparison; and Fi ¢ = 8.15, p < 0.01, nf) =0.110 for
simple subtraction. For word semantics, there was no significant
difference between the new-onset CAE and the control group
(Fi66 = 1.18, p = 0.28). There were also no significant between-
group differences for choice reaction time, mental rotation, or
forward and backward digit span tasks.

The ANCOVA demonstrated that after controlling for the
four cognitive ability test scores (i.e., choice reaction time,
mental rotation, forward and backward digit span, and Raven’s
Progressive Matrices), between-group differences for number
comparisons were not observed (Fy, ¢ = 2.33, p = 0.13), whereas
the group difference for simple subtraction remained significant
(Fi61=4.15,p <0.05,and ni =0.064). With additional control for
executive functioning, the group difference for simple subtrac-
tion, still, marginally attained significance (Fy,¢0 = 3.72, p = 0.058,
and nf) = 0.058). However, after additional control for attention,
the between-group difference for simple subtraction disappeared
(Fl, 59 — 131,p = 026)

Correlations between task scores are displayed in Table 4.
Number comparison scores significantly correlated with mental
rotation, forward digit span, backward digit span, and Raven’s
Progressive Matrices scores. The simple subtraction scores were

TABLE 4 | Correlations between test scores of all participants.

1 2 3 4 5 6 7 8 9

1. Word semantics -

2. Number comparison 0.23 -

3. Simple subtraction 0.60* 0.28* -

4. Choice reaction time -0.34* -0.06 -0.46™ -

5. Mental rotation 0.37* 0.34* 0.34* -0.32** -

6. Forward digit span 0.16 0.30* 0.10 0.05 0.10 -

7. Backward digit span 0.09 0.34* 0.23 -0.19 0.13 0.58** -

8. Raven’s Progressive Matrices 0.31* 0.27* 0.31* -0.33** 0.50** 0.23 0.24* -

9. Visual tracing 0.30* 0.13 0.58* —0.42** 0.28* 0.24* 0.54* 0.30* -
10. Wisconsin Card Sorting Test 0.06 0.05 0.16 -0.04 0.15 0.30* 0.34* 0.21 0.19
P < 0.05.

*p < 0.01.
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also significantly correlated with choice reaction, mental rotation,
Raven’s Progressive Matrices, and visual tracing scores.

DISCUSSION

This study examined neurocognitive deficits in patients with new-
onset CAE to clarify the contributions of attention and executive
functioning in academic performance and achievement. The
results demonstrated that children with new-onset CAE have
cognitive deficits in general intelligence, attention, executive
functioning, and mathematical abilities. We further analyzed the
relationships between attention and executive functioning and
impaired arithmetic performance. Attention deficits, measured
by the visual tracing test, accounted for arithmetic performance
in the new-onset CAE group. These results suggested that atten-
tion may be responsible for arithmetic performance deficits in
patients with new-onset CAE.

The current investigation first replicated previous findings
that neurocognitive deficits in attention and executive functioning
occur in patients with new-onset CAE (5). Although a previous
study showed general intelligence and arithmetic performance
deficits in patients with new/recent-onset absence epilepsy, the
sample of children with absence epilepsy in this previous study
was small (n = 11) (9). In the larger sample presented here, chil-
dren with new-onset CAE had significantly decreased cognitive
performance on measures of general intelligence and arithmetic
performance, relative to healthy control participants. In contrast,
deficits were not detected in processing speed, spatial perception,
memory, or language processing. In addition to attention and
executive functioning deficits, general intelligence and arithmetic
performance deficits should be regarded as cognitive characteris-
tics of new-onset CAE.

Our results demonstrated that patients with new-onset CAE
exhibited arithmetic deficits rather than deficits in language
ability. Patients with CAE have network impairments involving
the frontal operculum and medial frontal cortex (26, 27), which
include brain regions involved in arithmetic processing in the
medial frontal lobe (28). In contrast, processing of semantic
knowledge for language is thought to occur in the left inferior
prefrontal cortex (29). Therefore, our finding that patients with
new-onset CAE only had cognitive deficits in mathematical
academic achievement is consistent with previous findings.

In this study, attention, rather than general intelligence or
executive functioning, accounted for arithmetic deficits in
patients with new-onset CAE. In contrast, Masur et al. found that
attention did not directly affect academic achievement, but had
secondarily influenced achievement scores through memory (5);
this finding may have been due to the use of a composite academic
achievement score that included assessments of both reading and
arithmetic skills. Consistent with the present findings, previous
studies have demonstrated that attention is strongly associated
with arithmetic performance; for example, 42% of children with
dyscalculia also experience attention deficits (30). Moreover,
sustained visual attention ability can predict mathematical but
not reading performance (31).

Study limitations include a relatively small sample size,
statistical approach, and incomplete mathematical assessment.

New-onset CAE patients with CAE are rare in our hospital, and
it is difficult to secure large enrollment. Our findings will require
confirmation in a larger sample of children with new-onset CAE.
ANCOVA was conducted to examine the relationships among
cognitive abilities and arithmetic performance. In comparison,
structural equation modeling can be used to infer the relation-
ships and causation. If a larger sample is enrolled, it may be
possible to use structural equation modeling (5) to interpret
the interaction effect between neuropsychological factors and
academic achievement. However, by using a common assessment
approach of computational fluency as a measure of arithmetic
performance (15), we confirmed the study’s hypotheses that
impaired arithmetic performance occurs in patients with new-
onset CAE and that attention deficits contribute to arithmetic
performance in these patients.

CONCLUSION

This study extends previous neuropsychological findings by
confirming neurocognitive deficits in children with new-onset
CAE and also illustrates that impairments in attention, rather
than in other cognitive functions, account for arithmetic per-
formance in these patients. We conclude that attention deficits
may be involved in arithmetic performance deficits in patients
with new-onset CAE comparing with healthy controls. Future
neuropsychological assessment studies using larger cohorts are
required to validate our findings and further improve the under-
standing of newly diagnosed CAE.
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