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ABSTRACT

Objective: The objective of this study was to determine the physical literacy (the motivation, confidence, physical
competence, and knowledge contributing to the capacity for physical activity) of children with epilepsy, as
compared with that of their healthy peers.
Methods: Patients age 8-12 years with epilepsy, without any disabilities interfering with their ability to answer
questionnaires and perform vigorous physical activity, were recruited from the Neurology Clinic at the time of
visits. They completed the Canadian Assessment of Physical Literacy (CAPL), a comprehensive battery of tests
reflecting the primary domains of physical literacy (motivation/confidence, physical competence, knowledge/
understanding, and daily behavior). Daily behavior was assessed by pedometer step counts, as well as self-
reported moderate-to-vigorous physical activity and screen time. Physical competence included agility and
movement skill measures as well as physical fitness. Children with epilepsy were matched with healthy peers
from a large research database of over 6000 Canadian children.
Results: We tested 35 children with epilepsy, divided into those with presumed self-limiting forms of epilepsy
(49%) and those with chronic disease (51%). Only a small proportion of participants (23%) were taking more
than one antiepileptic medication, and only one patient was taking three anticonvulsants. Children with epilepsy
including those with self-limiting forms had significantly lower total physical literacy scores, lower agility and
movement skills, and lower muscular endurance, and reported more screen time than their healthy peers.
Only 11% of the children with epilepsy achieved the recommended level of physical literacy. However, the chil-
dren with epilepsy were knowledgeable about and highly motivated to participate in a physically active lifestyle.
Conclusions: Children with epilepsy demonstrate poor physical literacy levels, with potential immediate
and long-lasting negative impacts on general health and psychosocial well-being. Programs promoting physical
literacy in children with epilepsy should be encouraged, specifically interventions decreasing screen time and
enhancing muscular endurance and motor skills, thereby facilitating healthier lifestyles.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

physical activity is important for the physical, mental, and social well-
being of all children. For optimal health, children should participate in

There is growing evidence regarding the positive effects of exercise
in individuals with epilepsy, including broader health and psychosocial
benefits, as well as favorable effects on seizure frequency and severity
[1-4]. Participation in physical activity has been demonstrated to im-
prove general health, neurocognitive and psychological domains, social
integration as well as quality of life in children with epilepsy [3,5,6].
Physical exercise has been shown to decrease epileptiform discharges
in children during a video-telemetry study [7]. Beyond exercise training,

Abbreviations: AED, Antiepileptic drug; BMI, Body mass index; CAMSA, Canadian
Agility and Movement Skill Assessment; CAPL, Canadian Assessment of Physical
Literacy; ILAE, International League Against Epilepsy.
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at least 60 min of moderate-to-vigorous physical activity and several
hours of light activity daily [8].

A recent International League against Epilepsy (ILAE) consensus
paper concludes that people with epilepsy, including children and ado-
lescents, should not be restrained from and instead encouraged to take
part in sport activities [9]. However, studies have shown that adults
with epilepsy have lower rates of physical fitness, physical health in
general, and increased body mass indices (BMIs) [10-13]. Adults with
a history of childhood-onset epilepsy have lower levels of physical ac-
tivity and an increased likelihood of obesity and depression compared
to their peers, placing them at higher risk of developing early secondary
health conditions [14]. Children with epilepsy participate in fewer
group and total sports activities compared with their healthy siblings,
have higher BMIs, and are at risk for poor bone health [15,16]. Poor
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physical fitness and obesity place children at risk for decreased bone
mass accrual, and, later in life, for diabetes, arthritis, heart disease, and
stroke. Children with epilepsy also have higher rates of emotional, behav-
ioral, social, and academic difficulties than healthy children and those
with other chronic health conditions, and are at risk for social isolation
[17]. Emerging research indicates the important contribution of child-
hood physical activity to supporting mental health, decreasing behavioral
and social problems, and enhancing academic performance [18].

Several population-based surveys assessing physical activity and ex-
ercise in adolescents and adults with epilepsy have revealed conflicting
results, including decreased versus similar physical activity levels as
compared to the general population [2,19-23]. Interestingly, a recent
study has demonstrated similar levels of physical activity among adults
with and without epilepsy when assessed by questionnaire, while objec-
tive measures of cardiopulmonary effort demonstrated lower exercise
capacity among adults with epilepsy as compared to that in controls
[24]. However, there is a paucity of studies using objective measure-
ments of physical activity and fitness in individuals with epilepsy, espe-
cially in children and adolescents. In order to develop effective, targeted
interventions to support healthy active lifestyles among children with
epilepsy, we need to understand their strengths and weaknesses relative
to all aspects of physical activity.

Physical literacy is defined as the motivation, confidence, physical
competence, and knowledge as well as understanding to value and take
responsibility for engagement in physical activities for life [25]. Physical
literacy represents the constellation of factors that support the safe and
enjoyable participation in physical activity. To the best of our knowledge,
there are so far no data on physical literacy in children with epilepsy.

We assessed the physical literacy of children with active epilepsy
using the Canadian Assessment of Physical Literacy (CAPL), and com-
pared their results with those of healthy peers in the community. We
characterized in detail all domains of physical literacy in children with
epilepsy, hoping to identify modifiable deficits. Our long-term goal is
to develop physical activity educational programs for children with
epilepsy and their families, in order to improve their short and long-
term general health and quality of life.

2. Material and methods
2.1. Participants and study design

A cross-sectional study design was used to compare the physical liter-
acy of children with epilepsy with that of a reference population of
Canadian children without known health conditions. Informed consent
was obtained from the parents of all of the participants. This study was ap-
proved by the Children's Hospital of Eastern Ontario Research Ethics Board.

2.1.1. Study participants

Children with epilepsy were recruited between November 1, 2012
and February 4, 2014 via the outpatient Neurology clinic of the Children's
Hospital of Eastern Ontario, Ottawa, Ontario, Canada. All patients poten-
tially meeting study eligibility criteria were identified from medical re-
cords. Children were eligible for the study if they were 8 to 12 years of
age, and had been diagnosed with epilepsy, with at least one seizure in
the 12 months prior to recruitment. Patients were excluded if they had
a syndrome or disability that prevented completion of the study protocol
(requiring academic functioning of at least grade 3 level), or if their
current medical status limited vigorous physical activity. During the
recruitment period, 298 potentially eligible children were identified
via chart review. Of those patients, 102 were excluded because their
neurodevelopmental delays or disabilities would have interfered with
the completion of the study protocol, and 84 were excluded because
they had been seizure-free for 12 months or longer. Of the remaining
112 children, permissions to contact the family were received from
the treating neurologists for 103 patients. Of those, 16 families were
not approached because they could not be reached. Of the 87 families

contacted by our research coordinator, 44 consented to the study
(51%), and 35 children (22 girls and 13 boys) completed the entire
study protocol (40%), whereas nine children were unavailable for assess-
ment dates, and three families withdrew from the study prior to the
assessment date. The participating children with epilepsy were then
matched with healthy peers from a large research database of Canadian
Assessment of Physical Literacy results for over 6000 Canadian children,
8 to 12 years of age. Children were matched based on age (within
1 month), gender, and month of assessment (within 1 month), the latter
to adjust for known differences in physical activity by season of the year.

2.1.2. The Canadian Assessment of Physical Literacy (CAPL)

Children who participated in the study completed the Canadian
Assessment of Physical Literacy (CAPL), which has published validity
and reliability for children 8 to 12 years of age [26]. The CAPL is a compre-
hensive battery of assessments that reflect the primary domains within
the Canadian consensus definition of physical literacy (Motivation and
Confidence; Physical Competence; Knowledge and Understanding; and
Daily Behavior) [25]. Daily Behavior was assessed by daily pedometer
step counts (average over 7 days), as well as self-reported moderate-
to-vigorous physical activity and screen time. Physical Competence
assessed agility and movement skills as well as physical fitness. The
Canadian Agility and Movement Skill Assessment (CAMSA) measures
simple, complex, and combined movement skills [27]. Physical fitness
measures were the Progressive Aerobic Cardiovascular Endurance Run
(PACER) shuttle run protocol [28] (aerobic endurance), handgrip dyna-
mometry [29] (muscular strength), sit and reach [29] (flexibility), iso-
metric plank hold [30] (muscular endurance), and body composition
[29] (height, weight, and waist circumference). The CAPL questionnaire
assessed Knowledge and Understanding (relative to Canadian physical
education curricula) as well as Motivation and Confidence, including
physical activity adequacy and predilection [31] and benefits-barriers
[32]. Overall physical literacy score and domain-specific scores, and the
stages used to interpret raw scores were calculated, relative to self-
reported age and gender, using the scoring system developed by an in-
ternational Delphi panel [33]. The CAPL stages used to interpret raw
scores are defined as follows: Beginning (less than the 17th percentile),
Progressing (17th to 65th percentile), Achieving (above the 65th percen-
tile to the 85th percentile), and Excelling (above the 85th percentile).

2.2. Data analysis

Statistical analyses were performed using SPSS (version 24.0).
Descriptive statistics (mean =+ SD, median, and frequencies) characterized
the clinical status of children with epilepsy and the age, gender, and BMI
z-scores for all study participants. Dependent variables were overall phys-
ical literacy score and the subdomain scores for daily behavior, physical
competence, knowledge and understanding, and motivation and confi-
dence. Independent sample t-tests compared children with epilepsy to
the matched population for continuous variables, while chi-square statis-
tics were used to compare categorical variables. Statistical significance
was set at p < 0.05 for regression analyses and all analyses of CAPL total
score. Based on a Bonferroni correction for multiple primary outcomes,
domain and individual protocol scores were considered significant at p <
0.0125 (0.05/4) to accommodate for four primary subscores (i.e., four do-
main scores). Univariate correlations and multivariable linear regression
models, using backward variable selection, examined the differences be-
tween study groups accounting for sex, age, and BMI and the impact of clin-
ical status on the physical literacy outcomes among children with epilepsy.

3. Results
3.1. Participants

The demographic information for study participants with epilepsy
and the reference population are provided in Table 1. No difference
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Table 1
Characteristics of study participants with epilepsy and matched peers without a known health condition.
Demographic characteristic Children with epilepsy Matched healthy children Total
n (%) n (%) n (%)
Sex Both 35 (100) 228 (100) 263 (100)
Boys 13 (37) 83 (36) 96 (37)
Girls 22 (63) 145 (64) 167 (63)
Age Mean age + 1SD 102+ 15 103 + 14 103+ 14
Type of epilepsy® Self-limiting 17 (49) - -
Chronic (51) - -
Seizure type in previous year No tonic-clonic (49) - -
1 or more tonic—clonic (51) - -
Seizure frequency in previous year <3 seizures/year (54) - -
>3 seizures/year (46) - -
AED number at testing date” <1 AED 27 (77) - -
>1AED 8(23) - -

2 Type of epilepsy was grouped by expected long-term outcome into: Self-limiting = childhood absence epilepsy, childhood epilepsy with centrotemporaral spikes, childhood oc-
cipital epilepsy (Gastaut); or Chronic = juvenile myoclonic epilepsy, juvenile absence epilepsy, epilepsy with generalized tonic-clonic seizures alone, nocturnal frontal lobe epilepsy,
Dravet syndrome, focal epilepsy: febrile infection related epilepsy syndrome (FIRES), steroid-responsive encephalopathy with thyroid disease, epilepsy secondary to tuberous sclerosis,
focal epilepsy: symptomatic (stroke, hemorrhage) or focal impaired awareness seizures or temporal lobe or nocturnal focal to bilateral tonic-clonic seizure or following acute dissem-

inated encephalomyelitis (ADEM) and brain biopsy.
> AED = antiepileptic drug.

between study groups was observed for self-reported age and gender
as these variables were matched between groups. Children with epi-
lepsy were divided into those with presumed self-limiting forms
of epilepsy (childhood absence epilepsy, childhood epilepsy with
centrotemporal spikes, childhood occipital epilepsy) and those with
chronic disease (49% versus 51%). Only a small proportion of partici-
pants (23%) were taking more than one antiepileptic medication,
and only one patient was taking three anticonvulsants at the time of
testing. The mean duration of epilepsy prior to testing was 41 months
(standard deviation 38 months, range 3 to 149 months), with a median
of 29 months.

3.2. Overall CAPL score

Total physical literacy scores were significantly different between
groups (99% confidence interval [CI]: 0.04, 8.2; p = 0.009), as
the participants with epilepsy had a lower total physical literacy
score than the reference group (Table 2). Only 11% (4/35) of the
children with epilepsy achieved the recommended level of physical
literacy (achieving or excelling category of CAPL score), significantly
fewer than the 30% (68/227) of matched controls (x*> = 5.2; df = 1,
p = 0.02).

3.3. Daily behavior domain

Daily pedometer step counts were not significantly different (99% CI:
—408, 2569, p = 0.06) but tended to be lower among children with
epilepsy (9692 + 2932 steps per day) compared with matched controls
(10,772 £ 3351 steps per day). Children with epilepsy reported engag-
ing in significantly more screen time (99% CI: 0.5, 3.0, p = <0.001), and
had a lower overall score for daily behavior (99% CI: 1.6, 8.1, p < 0.001;
Table 2). Children with epilepsy were more likely to have a daily behav-
ior score in the beginning stage (below the 17th percentile, x*> = 11.5;
df = 3, p = 0.009), and the proportion of children achieving the recom-
mended daily behavior was lower (x*> = 5.9; df = 1, p = 0.01) for
children with epilepsy (6%) compared with that of their same age
peers (24%).

3.4. Physical competence domain

Children with epilepsy had significantly lower agility and move-
ment skill (99% CI: 0.4, 6.8; p = 0.004) and muscular endurance (99%
Cl: 0.7, 3.8; p < 0.001) than the matched population (Table 2).
All other physical competence measures were similar (aerobic endur-
ance, grip strength, flexibility, BMI z-score, and waist circumference).

Table 2
Physical literacy scores of children with epilepsy compared with those of matched population of Canadian children without a known health condition.
Canadian Assessment of Physical Literacy (CAPL) score  Children with epilepsy mean + SD* Matched healthy children mean + SD* 99% ClI of difference®  p-Value®
Total physical literacy score 56.7 + 9.2 61.3 + 10.8 0.04,9.2 0.009
Overall daily behavior score 129 £ 6.6 178 + 7.0 1.6,8.1 <0.001
Pedometer step score 9.1+51 9.5+ 4.7 —-2.1,29 0.69
Self-reported screen time score 34+ 26 52+ 28 0.5,3.0 <0.001
Physical competence score 18.0 + 3.4 194 + 4.2 —04,32 0.04
Motor skill score 273 + 6.6 310+ 5.7 04,6.8 0.004
Endurance (PACER) score 174 +£7.5 19.2 £ 9.1 —1.9,5.6 0.20
Grip strength score 94+ 5.0 9.1+43 —2.7,21 0.71
Flexibility (sit and reach) score 52+24 51424 —13,1.1 0.78
Body mass index z-score 09+14 05+13 —-1.1,03 0.17
Waist circumference score 128 £ 44 11.7 £ 4.7 —33,1.1 0.18
Muscular endurance (plank) score 4.8 + 3.0 7.0 + 41 0.7,3.8 <0.001
Motivation and confidence score 13.6 + 26 122 + 26 —-0.1,-2.7 0.005
Knowledge and understanding score 123 +£ 24 119+ 2.6 —16,0.8 0.40

Significant differences shown in bold.
Trends shown in italics.

2 For all measures a higher score represents a healthier behavior (e.g., higher sedentary score = less sedentary time).

b (I = confidence interval.

¢ Independent samples t-test. Significance set at p < 0.05 for CAPL total score. To account for multiple subscores, a Bonferroni correction was applied (p = 0.0125 (0.05/4) primary

subscores (i.e., 4 domain scores)).
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Fig. 1. Performance of an Isometric Plank Hold by Children With and Without Epilepsy.

A significantly higher percentage of children with epilepsy was below
the 17th percentile (i.e., categorized in the beginning stage) for torso
muscular endurance (x? = 11.0; df = 3; p = 0.01) and agility and
movement skills (x*> = 8.5; df = 3; p = 0.04) compared with matched
peers without a health condition (Figs. 1 and 2).

3.5. Knowledge and understanding domain

The physical activity knowledge of children with epilepsy and their
matched healthy peers was similar (Table 2; 99% CI of the difference:
—1.6, 0.8, p = 0.40). There was no difference in knowledge based on
the distribution by physical literacy stage (x> = 2.4, df = 3, p = 0.50).

3.6. Motivation and confidence domain

Children with epilepsy had higher motivation and confidence
scores than their matched healthy peers (Table 2; 99% CI of the
difference: —2.7, —0.1, p = 0.005). There was a trend for children
with epilepsy to more often categorized in the excelling stage of physi-
cal literacy (x*> = 94; df = 3,p = 0.03).

3.7. Physical literacy and age, sex, and body mass index

Multivariable regression models (Table 3) examined the impact
of study group (children with epilepsy compared to matched peer
population) on physical literacy total and domain scores, accounting
for age, sex, and BMI (BMI is an indicator of over-/underweight, and is
calculated as weight (kg)/[height (meters)]?). Scores for epilepsy pa-
tients were significantly lower than healthy peers for daily behavior
and higher than peers for motivation and confidence, although effect
sizes were small for these relationships. Body mass index z-score (—2z
to + 2z represents the 95% CI) was associated with overall physical
literacy (small effect) and physical competence (large effect). Physical
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Fig. 2. Performance of the Canadian Agility and Movement Skill Assessment by Children
With and Without Epilepsy.

Table 3
Multivariable models of physical literacy among children with epilepsy matched with
healthy children accounting for age, gender, and body mass index z-score.

Higher overall physical literacy Model adjusted R?=0.03!

Beta + SE p n?
Older age 0.49 + 0.50 033 <0.01
Male gender? 1.50 & 1.45 0.30 <0.01
Lower BMI z-score® —1.23 £ 0.51 0.02 0.02
Matched children 3.73 + 1.98 0.06 0.02

Higher daily behavior score Model adjusted R? = 0.06

Beta + SE P i
Younger age 0.73 + 0.33 0.03 0.02
Male gender 0.97 £+ 0.95 0.31 <0.01
BMI z-score 042 4+ 034 0.21 <0.01
Matched children 4.59 + 1.30 <0.01 0.05

Higher physical competence score Model adjusted R? = 0.23

Beta + SE p U
Older age 0.65 + 0.17 <0.01 0.06
Male gender 0.33 + 0.51 0.51 <0.01
Lower BMI z-score —-1.37 £ 0.17 <0.01 0.20
Matched children 1.14 + 0.69 0.10 0.01

Higher knowledge & understanding score Model adjusted R? = 0.09

Beta 4 SE p n?

Older age 0.58 + 0.12 <0.01 0.09
Female gender 0.29 + 034 0.40 <0.01
BMI z-score —0.21+0.12 0.09 0.01
Children with epilepsy —0.35 4+ 047 0.46 <0.01
Higher motivation & confidence score Model adjusted R? = 0.03

Beta + SE p n?
Older age 0.02 + 0.13 0.91 <0.01
Male gender 0.40 + 0.37 0.28 <0.01
BMI z-score —0.11 4+ 0.13 0.40 <0.01
Children with epilepsy 1.59 + 0.50 <0.01 0.04

Significant differences shown in bold.

¢ Estimated marginal means for total Canadian Assessment of Physical Literacy (CAPL)
score with age = 10.7 years and BMI z-score = 0.6 were as follows: Children with epilepsy
57.8 4 1.9 and matched children 61.5 4 0.8.

> Gender was self-reported by the participants.

¢ BMI = body mass index.

competence and knowledge scores increased with age (medium effect
sizes), while daily behavior scores decreased with increasing age
(small effect).

3.8. Physical literacy and clinical status

Physical literacy assessment results for children with epilepsy were
evaluated relative to measures of clinical status (Table 4). Type of
epilepsy, type of seizure and seizure frequency in the previous year,
duration of epilepsy prior to physical literacy assessment, and number
of antiepileptic medications were not associated with total physical
literacy score or scores for the physical competence, motivation, knowl-
edge, or daily behavior domains.

4. Discussion

Total physical literacy scores were significantly lower in children
with epilepsy as compared with those in healthy matched controls, sug-
gesting that these children have fewer personal resources to support a
healthy active lifestyle. These findings align with the decreased partici-
pation in physical activities, as compared to sibling controls, that has
previously been described among Canadian children and adolescents
with epilepsy 5-17 years of age [15]. However, the aforementioned
study evaluated patient- and parent-reported physical activity and
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Table 4
Correlation of epilepsy type, seizure type, seizure frequency, epilepsy duration, and number of antiepileptic drugs (AEDs) with physical literacy measures in children with epilepsy.
Total CAPL Physical competence Motivation Knowledge Behavior
Epilepsy type (self-limited/chronic) —0.07 0.01 0.09 —0.18 —0.10
p value 0.69 0.98 0.61 0.31 0.58
Seizure type in previous year (tonic-clonic/not tonic-clonic) 0.19 0.04 0.09 —0.09 0.22
p value 0.27 0.82 0.62 0.60 0.21
Seizure frequency in previous year (<3 seizures/>3 seizures) —0.06 —0.28 —0.03 0.14 0.06
p value 0.75 0.12 0.86 0.45 0.75
Epilepsy duration (<24 months/>24 months) 0.05 0.01 —0.22 —0.07 0.15
p value 0.77 0.98 0.21 0.67 0.39
AED number at testing (<1 AED/>1 AED) —0.16 —0.05 —0.27 0.05 —0.13
p value 0.35 0.78 0.12 0.79 0.46

BM], and did not include objective patient testing. Furthermore, the par-
ticipants appear to suffer from more severe forms of epilepsies than the
children in our study: 24% versus 3% were treated with three or more
anticonvulsants. Additionally, a higher percentage of children in our
study were considered to have a generally self-limiting, age-dependent
form of epilepsy (i.e., childhood absence epilepsy, childhood epilepsy
with centrotemporal spikes, or childhood occipital epilepsy): 49% ver-
sus 33%. Epilepsy duration was also shorter in our study (less than
2 years in 43%, as compared with only 28% in the Wong and Wirrell
study). We can only hypothesize that children with more severe
forms of epilepsy, and those with longer disease duration, may have
even more pronounced physical literacy deficits than the children that
we tested.

Within our group of overall mildly affected children with epilepsy,
physical literacy scores did not differ between children with presumed
self-limiting and those with chronic forms of epilepsy. We also did
not find differences in physical literacy between children with four or
more seizures per year and three or less seizures per year, or between
children treated with more than one anticonvulsant and those on one
or no anticonvulsant. In accordance, children with epilepsy have re-
ported similar involvement in physical activity even when they had
had recent severe seizures and regardless of their type of epilepsy
[15]. We hypothesize that in our cohort of relatively mildly affected
children, the impact of the epilepsy diagnosis was more relevant than
the actual disease burden. Historically, people with epilepsy were
often advised against participating in sports and exercise [9]. Fear and
overprotection, or ignorance about the benefits and importance of
childhood physical activity, may have increased sedentary screen time
or decreased opportunities for activities requiring greater strength or
skills. Future studies are planned to examine the development of phys-
ical literacy deficits in previously healthy children with epilepsy and the
role of parental concerns. It is encouraging that our study demonstrated
that children with epilepsy, regardless of clinical status, are knowledge-
able about, and motivated to participate in a physically active lifestyle.
This suggests that these children would likely engage in, and therefore
benefit from, interventions designed to develop age-appropriate levels
of strength or movement skill.

Based on study inclusion criteria, none of the children with epilepsy
in our study had physical or cognitive disabilities that would be ex-
pected to limit their physical activity. Nevertheless, only 11% achieved
the recommended level of physical literacy expected to be associated
with optimal health. By contrast, 30% of the matched population of
children without known health conditions achieved the recommended
level. The largest discrepancy in the proportion of children achieving
recommended physical literacy domain scores occurred for daily be-
havior, with 6% of children with epilepsy and 24% of matched controls
achieving the recommended score.

Studies in adult patients with epilepsy have demonstrated less fre-
quent sport participation, poorer aerobic endurance, muscle-strength
endurance, and physical flexibility [10,11,14]. Our study confirms
those findings for children with epilepsy, even for those who will likely
outgrow their epilepsy during adolescence. In these children with

self-limiting forms of epilepsies, the lack of physical activity and physical
literacy may in fact have more significant impacts on the children's
general health than the epilepsy itself. It is well-established that de-
creased physical activity during childhood impacts normal childhood
growth and development. Active play is the foundation for childhood
socialization, and as such, physical activity is highly correlated with
childhood quality of life [34]. For young children, health-related quality
of life is directly related to motor competence. Physical activity in-
creases readiness for academic learning [18]. Bone density and growth
are dependent on weight-bearing physical activity. Motor skill develop-
ment is an important correlate of health, and through physical activity
children develop spatial awareness (over, under, around, etc.) and un-
derstand physical concepts (force, power, energy, etc.) [35]. The physical
health benefits of physical activity are widely recognized, including
decreased atherosclerosis risk, reduced health risks of a sedentary life-
style (e.g., diabetes, obesity, cancer), and maintenance of a healthy
body weight. Physical activity also provides important emotional health
benefits, including improved perceived well-being, self-efficacy, self-
esteem, and academic/cognitive performance [18].

Of note, although children with epilepsy in our study tended to have
slightly lower step counts compared with their peers, they had signifi-
cantly higher reported daily screen time. A negative correlation be-
tween screen time and health-related quality of life has recently been
described for children with epilepsy [6]. Therefore, we suggest that a re-
duction of screen time in children with epilepsy should be considered a
high priority intervention target in order to promote a healthier lifestyle
in those children. Further research is also required to confirm whether
the daily physical activity of children with epilepsy (as measured in
our study by step counts) differs from their healthy peers. Although
our patients did not differ significantly from the matched control
group, we do not know whether the groups were comparable on psy-
chosocial factors (e.g., parent support, community design) that are
thought to be important determinants of childhood physical activity.
The average step count among the matched controls in our study
(10,772 & 3351 steps per day) was somewhat lower than reported in
previous research with Canadian children [36,37]. The 99% CI of the dif-
ference between groups, which ranged from 400 to over 2500 steps
per day, also suggests that there may be an important if not statistically
significant difference.

Despite similar step counts, we measured lower muscular endur-
ance and decreased agility in children with epilepsy, as compared
with their healthy peers. We hypothesize that this might be secondary
to decreased engagement in sports activities, where muscular strength
and endurance, as well as agility, would be trained. Previously, it has
been shown that teens with epilepsy participate in fewer group and
total sports activities as compared with their siblings without epilepsy
[15]. Core muscular endurance deficits, as measured in our study via
the plank protocol [30], may decrease spinal column stability and con-
tribute to an increased risk of injury [38,39].

Several limitations to our study exist. Patients were excluded if they
had a syndrome or disability that prevented completion of the study
protocol or if their current medical status limited vigorous physical
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activity. Therefore, children with epilepsy and comorbidities like cogni-
tive delays or physical disabilities were not tested. Our patient cohort
consisted of relatively mildly affected children with overall low seizure
frequency, including no or infrequent tonic-clonic seizures, short
disease duration, low anticonvulsant burden, and age-related, often
self-limiting epilepsy diagnoses in 49% of the cohort (Table 1). This likely
constitutes a recruitment bias; more severely affected children and their
parents may have been less willing to undergo physical literacy testing.
Furthermore, experience with other similar studies in children with
chronic health problems have revealed that in general, less active chil-
dren are less likely to volunteer for physical activity assessment studies.
Our findings of similar step counts and higher motivation scores among
patients with epilepsy in comparison with matched peers suggest that
our participants with epilepsy may have been biased towards children
who are more active. We can only hypothesize that the physical literacy
of the overall population of children with epilepsy, including those
with more severe forms or motivation similar to or lower than peers,
would be even lower. To address this knowledge gap, studies utilizing
a brief screening tool for the assessment of physical literacy in the gen-
eral population of children with epilepsy are currently being piloted.

Overall, we have shown that school-aged, preadolescent children
with epilepsy, including those with age-related, self-limiting forms
often considered as benign, have significantly lower levels of physical
literacy than their peers. Long-term negative effects of decreased phys-
ical literacy in childhood may surpass and outlive the health impacts
of the seizure disorder itself. Evaluating potential etiologies for this
low level of physical literacy will be part of future projects, with the
long-term goal of promoting physical literacy in children with epilepsy,
thereby facilitating a healthier lifestyle. Increased physical activity in
children with epilepsy may improve their general long-term health, de-
crease anxiety and depression, improve self-esteem and social integra-
tion, and even boost neurocognitive skills.
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