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Purpose: This study examined whether increasing physical activity (PA) through 6 months of behavioral
counseling positively influenced depressive symptoms and quality of life (QoL) over 12 months among children
with epilepsy (CWE).
Methods: A longitudinal multisite randomized controlled trial (RCT) was conductedwith 8–14-year-old children
with active epilepsy. Participants wore a pedometer to track daily PA and completed 3measures at 4 time points
to examine depressive symptoms and QoL. Stratified by site and activity level, participants were randomized to
an intervention or control group. The 6-month intervention included 11 behavioral counseling sessions targeting
self-regulation of PA. To assess the associations among PA, depression scores, and QoL, primary analysis involved
mixed-effects models.
Results: We recruited 122 CWE, of whom 115 were randomized (Mage = 11 ± 2; 50% female) and included in
the analysis. The intervention did not increase PA in the treatment compared with the control group. No differ-
ences were found between groups over time during the subsequent 6 months, where PA decreased among all
participants. Results did not show differences between the groups and over time for measures of depressive
symptoms and QoL.
Significance: The intervention did not improve or sustain PA levels over 12 months. Both groups demonstrated
declines in PA over one year, but there were no changes in depression scores or QoL. As most participants
were already nearly reaching the Canadian average of step counts of children their age, with a baseline daily
step count of over 9000, there may be a challenge for further increasing PA over a longer period.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Physical activity (PA) is recognized to be beneficial for multiple
health outcomes and quality of life (QoL) in individuals with epilepsy
[1–3]. Logically, PA should also be beneficial for children with epilepsy
(CWE); however, this population tends to hesitate participating in PA
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because of a host of factors including fear of injury, parental overprotec-
tion, and lack of knowledge regarding the benefits and risks associated
with PA [4–6]. For this reason, CWE tend to achieve less than the recom-
mended national guidelines of 60 min of moderate-to-vigorous PA
per day [7–9],whichmay contribute to various, often long-term, comor-
bidities and poor functioning [1,10,11].

To date, there is no level I or II evidence on the impact of self-
management programs in CWE [12,13], and no study has met the
full Consolidated Standards of Reporting Trials (CONSORT) guidelines
for nonpharmacological randomized controlled trials (RCTs) in this popu-
lation [14]. Research is recommended to improve our understanding of
the possible associations among self-management interventions, PA,
depressive symptoms, and QoL for CWE and to support the design of
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interventions to promote positive health outcomes through self-managed
PA participation [15]. Self-management is defined as “the individual's
ability to manage the symptoms, treatment, physical and psychological
consequences, and lifestyle changes inherent in livingwith a chronic con-
dition. Self-management includes… [among others] engaging in activities
that promote health and build physiological reserve, such as exercise,
proper nutrition, social activation, and sleep” [16,p. 129–130].

We hypothesized that a self-management behavior intervention
would increase PA and improve depressive symptoms and QoL out-
comes among CWE. We used pedometers for this study, as they have
acceptable validity and reliability for measuring step counts among
children and youth [17] and are appropriate for obtaining an accurate
depiction of PA in CWE [18]. In fact, youth and young adults with
epilepsy have identified walking as their preferred mode of PA [19].

The current body of literature examining the relationships among PA,
depressive symptoms, and QoL could be significantly improved by mea-
suring PA directly among CWE, using pedometers. Pedometer-based in-
terventions have been found to help maintain long-term PA adherence
[20]. Meta-analyses have concluded that typically developing children
who monitor daily step counts using a pedometer accrue more PA than
children unable to do so [21,22]. Furthermore, research has shown that
typically developing children who are offered performance-contingent
rewards and receive PA counseling in addition to using a pedometer
walk more steps on a daily basis than children monitoring step counts
alone [23]. There is also a positive association between motivation and
pedometer-based PA levels among typically-developing children [24].
These findings indicate that behavioral counseling that targets motiva-
tional and self-regulatory factors in combination with activity monitor-
ing may be essential ingredients of interventions to promote adoption
and maintenance of PA. Walking is generally a safe form of PA that
may help to facilitate adherence to the intervention [25], particularly
for children and parents who may have reservations about perceived
higher-risk forms of PA. Engagement in low levels of PA may potentially
limit opportunities to develop motivation and self-regulatory skills for
PA. For these reasons, implementing behavioral counseling interventions
among a population that stands to gain a wide range of benefits from
regular PA participation appears to be a promising avenue.

This paper reports the results of an RCT designed to examine and
quantify the associations among PA, depressive symptoms, and QoL
in CWE. The primary purpose of this study was to examine whether a
6-month behavioral counseling program could increase PA levels and
whether increasing PA would positively influence depressive symptom
scores and QoL over one year. This study also aimed to determine
whether PA levels established during the 6-month program would be
sustained over a subsequent 6-month period.

2. Methods

2.1. Design

This trial conformed to the CONSORT 2017 guidelines for reporting
nonpharmacological RCTs (see Supplementary Table 1 for checklist)
[14]. Participants were randomly assigned to either the intervention
group or a control group, and their PA levels were monitored daily
over a 12-month period. To improve adherence for wearing the
pedometer, participants from the McMaster site received a 25-cent
(Canadian Dollar) incentive for each day of recorded steps. During
this same 12-month period, all participants were asked to complete
quarterly study reports to account for variations in seasonality, school
time, and other factors possibly influencing outcomes.

2.2. Participants and research eligibility

Recruitment occurred between January 2012 and March 2017,
primarily from two pediatric neurology clinics in Ontario with
additional assistance from various local epilepsy organizations and
independent neurologists. Eligibility criteria included the following:
(i) aged 8–14 years; (ii) a diagnosis of epilepsy as confirmed by a
neurologist, with at least one seizure in the previous 12 months;
(iii) ambulatory; (iv) fluency in English or French; (v) intellectual func-
tioning at grade ≥ 3 level as judged by parents; and (vi) access to a com-
puter. Participants with additional diagnoses of psychogenic seizures
or autism were not included. The study protocol was registered on
ClinicalTrials.gov (NCT01550874).

2.3. Ethics, recruitment, and procedures

The studywas approved by the Hamilton Integrated Research Ethics
Board and the Children's Hospital of Eastern Ontario Research Ethics
Board and included permission to recruit participants from outside
organizations.

At both study sites, potentially eligible CWE were identified by the
research nurse or neurologist. They were then approached during
their clinic appointment by someone within their circle of care. If con-
sentwas given to be contacted by the research team, theymetwith a re-
search assistant or the research coordinator to ascertain interest, to be
given an information package containing a study timeline and consent
form, and to obtain verbal consent to the release of personal health
information to the study team. Those who agreed to the release of
their personal health information met or spoke over the phone with
the research coordinator to discuss the study in detail and to confirm
eligibility, and then arranged their first study appointment.

During the first study appointment at the clinic, informed con-
sent and assent were obtained, and participants were given a Fitbit®
Wireless Activity Tracker (see Study measures) along with instructions
on how to use the device and set up the software at home. Next, the
research staff collected anthropometric data (i.e., height, weight,
waist and hip circumference), and the participant's parent(s) or
caregiver completed a demographic questionnaire and epilepsy report.
Participants also completed a battery of patient-reported outcome
measures assessing QoL, health-related QoL, and depressive symptoms
(see Primary outcomes). These measures were repeated at 16, 28, and
52 weeks. Following the first study appointment, participants had
their number of daily steps monitored for a 2-week baseline period.

2.4. Intervention

The control group received instruction to continue wearing the
pedometer with weekly charging and syncing of data but received
no information from the study team through the device and did not
have access to the Fitbit step tracking website interface. Aside from
reminders to sync, charge, or replace the Fitbit and schedule study visits,
the control group was not contacted or provided any type of support
throughout the entirety of the study. The intervention group partici-
pated in PA behavior-change counseling conducted by a trained re-
search assistant (McMaster site) or the study research coordinator
(Ottawa site). Content of the counseling activities was drawn from
theory and past research (see Table 1) [26]. Counseling sessions were
15 min long and occurred weekly for weeks 1–4, bi-weekly for weeks
6–12, and monthly (booster sessions) for weeks 16–24. Sessions were
scheduled at a convenient time for the participant to ensure each ses-
sionwas completed. The aims of these sessionswere to developmotiva-
tion as well as to learn and implement self-regulatory skills to support
behavior change. All participants were given the goal to reach a level
of PA consistent with the number of steps associated with meeting
Canadian PA guideline recommendations by the end of the 6-month
period [27]. To reach this goal, participants were asked on a weekly
basis to increase their average step count of the previous week by 10%,
but only if the previous week's target was met. If the target was not
met, the goal from the previous week was prescribed again. For these
participants, the research assistant or research coordinator spent extra
time brainstorming ways the participant could modify their behavior

http://ClinicalTrials.gov


Table 1
Coaching call schedule, call descriptions, and behavior change techniques.

Schedule Description Behavior change techniques

1st week Develop rapport; discuss benefits of PA; assess PA history, available activity
equipment and motivation for change; identify ways to take more steps

Information/knowledge sharing, consciousness-raising, self-monitoring

2nd week Discuss PA guidelines and potential benefits of PA most important to
participant; introduce self-monitoring using Fitbit® and weekly step count
goals; discuss FITT (i.e., frequency, intensity, type and time) principles of
exercise goal setting and basic goal-setting

Information/knowledge sharing; decide target standard of behavior;
self-monitoring; goal-setting; social support (emotional)

3rd week Review self-monitoring; assess performance towards basic goal; discuss
facilitators and barriers to meeting goals; detailed goal setting based on FITT
principles; introduce action planning; set weekly step goal (increase steps
by 10% from previous week)

Self-monitoring; goal review; performance feedback; goal setting;
facilitator and barrier identification; action planning; social support
(emotional)

4th week Assess performance towards detailed goal and weekly step goal; review action
planning; identify barriers and brainstorm solutions to overcome barriers to PA
goals; set weekly step goal

Goal review; performance feedback; action planning; barrier
identification; coping planning; social support (emotional)

6th week Discuss current PA levels, learn how to use Fitbit® website to track PA, assess
performance feedback towards goals, self-monitoring; set weekly step goal

Consciousness-raising; information/knowledge sharing; self-monitoring,
goal review; performance feedback; social support (emotional)

8th week Review PA tracking on Fitbit® website; assess performance towards goals,
review action planning, discuss barriers and solutions to overcome barriers to
PA, discuss what has helped them achieve success/steps, establish walking
routes and buddy systems; set weekly step goal

Self-monitoring; information/knowledge sharing; social support,
monitoring; goal review; performance feedback; facilitator and barrier
identification; action planning; coping planning; social support
(instrumental); social support (emotional)

10th week Assess performance towards goals; direct control of planning and thinking to
participant by presenting their progress and which techniques have positively
contributed to their success; set weekly step goal

Goal review; performance feedback; self-monitoring; social
support (emotional)

12th week Assess performance towards goals; direct control of planning and thinking to
participant by presenting their progress and which techniques have positively
contributed to their success; set weekly step goal

Goal review; performance feedback; self-monitoring; social
support (emotional)

16th week Booster session: assess performance towards goals; direct control of planning
and thinking to participant by presenting their progress and which techniques
have positively contributed to their success; set weekly step goal

Goal review; performance feedback; self-monitoring; social
support (emotional)

20th week Booster session: assess performance towards goals; direct control of planning
and thinking to participant by presenting their progress and which techniques
have positively contributed to their success; set weekly step goal

Goal review; performance feedback; self-monitoring; social
support (emotional)

24th week Booster session: assess performance towards goals; direct control of planning
and thinking to participant by presenting their progress and which techniques
have positively contributed to their success; set weekly step goal

Goal review; performance feedback; self-monitoring; social
support (emotional)
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to reach their weekly goal. All participants in the intervention group
completed the counseling sessions and the 6-month self-monitoring
phase of the study. Reminders to sync data and charge the pedometer
were given if required.

2.5. Study measures

Measures were identified based on concepts and definitions of func-
tioning, disability, health, andQoL [28,29]. Allmeasureswere completed
at each study visit except for the baseline demographic information
completed by the parent/caregiver. Study visits took roughly 2 h.

2.5.1. Demographic questionnaire and epilepsy report
At the first visit, the participant's parent(s) or caregiver completed

a demographic information questionnaire. Research staff interviewed
the participant and parent(s)/caregiver for information pertaining to
seizure history, antiepileptic medications, and health care utilization.
A healthcare professional confirmed diagnosis of epilepsy through
chart review.

2.5.2. Anthropometric measures
Anthropometric data (height and weight) were obtained using a

calibrated weight scale and stadiometer to calculate body mass index
(BMI) (mass(kg) / height(m)2). Waist (i.e., superior border of iliac
crest) and hip circumference (i.e., widest portion of the buttocks)
were estimated as a mean of three measures taken with a nonplastic
tape measure and recorded to the nearest 0.1 cm.

2.6. Primary outcomes

2.6.1. Physical activity
Physical activity was monitored daily using the Fitbit® Ultra

Wireless Activity Tracker, later replaced by the Fitbit® One Wireless
Activity Tracker, an upgraded model. This advanced three-dimensional
pedometer provides valid and reliable measurements of steps [30]. At
the McMaster site, some participants repeatedly lost their pedometers
over a short period of time and were offered the Fitbit® Flex Wireless
Activity Tracker. This tracker is worn around the wrist rather than
clipped to a waistband or pocket. For analysis purposes, weekly aver-
ages for PA were calculated. A week of PA was included in the analysis
if participants achieved 3 or more days of ≥500 steps. Because of the
large fluctuations in week-to-week PA data, a 3-week moving average
was applied to smooth the data as recommended by Streiner [31].

2.6.2. Quality of life
Quality of life was measured at each assessment using the 25-item

Childhood Epilepsy Quality of Life scale (CHEQOL) [32]. The CHEQOL
has established validity and reliability [32]. It consists of five specific
QoL subscales including interpersonal/social, intrapersonal/emotional,
keeping epilepsy a secret, quest for normality, and worries and con-
cerns, with each subscale having 5 questions. Each item in this Harter-
formatted scale contained one positive and one negative description
of a specific aspect of QoL, for which participants selected the statement
that better describes themandwhether that statement is “really true for
me” or “sort of true forme.” Responseswere coded so that higher scores
reflected greater QoL. Internal consistencies were acceptable for each
scale at each administration (Cronbach's α = 0.65–0.83).

2.6.3. Health-related quality of life
Health-related QoL was measured at each assessment using the

KIDSCREEN-27 [33], which has strong psychometric properties [34].
The KIDSCREEN-27 has 5 subscales including physical well-being
(5 items), psychological well-being (7 items), autonomy and parents
(7 items), peers and social support (4 items), and school environment
(4 items). Participants respond to 27 questions on a 5-point Likert-
type scale ranging from1 “never or not at all” to 5 “always or extremely”.
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Negatively oriented items are reverse scored before computing sub-
scale scores so that higher values reflect greater QoL. Internal consisten-
cies were acceptable for each scale at each administration (Cronbach's
α = 0.78–0.90).

2.6.4. Depressive symptoms
The Children's Depression Inventory — Short (CDI-S) was used

to measure depressed mood in children at each assessment [35].
The CDI has strong psychometric properties [36]. Participants respond
to 10 items on a 3-point scale ranging from 0 “not true” to 2 “very
true” with higher scores indicating greater depressive symptoms.
Internal consistency was acceptable at each administration (Cronbach's
α = 0.77–1.00).

2.7. Sample size

To determine sample size, a mean between-group difference of
5 points was targeted for the measures of health and QoL. Fixing the
Fig. 1. Participating sites with re
probability of type-I error at 5%, a sample size of 64 patients per group
provided a power of 80% to detect such a difference. This difference
represents an effect size of Cohen's d = 0.5, which is considered a me-
dium effect size as per Cohen [37].

2.8. Randomization and blinding

After the 2-week baseline period, participants were randomly
assigned to the control or intervention group. Participants were
stratified, first by site to account for any site differences in patient
population, and then into two activity level groups: those currently
achieving ≥5000 steps/day (Group 1: ‘relatively active’) and those
achieving b5000 steps/day (Group 2: ‘sedentary’). This cut-point was
determined by an earlier pilot study [18] and is in keeping with litera-
ture of step counts of children with chronic health conditions [38,39].
Separate balanced block randomization schemes were established for
each activity group, and an allocation ratio of 1:1was used tomaximize
the likelihood that each treatment arm (i.e., intervention vs. control)
cruitment data flow chart.



Table 2
Demographic data (continuous) at recruitment (N= 122) and upon randomization (N = 115).

Variable Total sample
M (SD)

Missing (%) INT
M (SD)
(n = 56)

Missing CTRL
M (SD)
(n = 59)

Missing p

Age (years) 11.37 (1.91) 1 (0.8) 11.54 (1.93) 1 11.20 (1.86) 0 0.62
Epilepsy age of onset (years) 7.20 (3.18) 3 (2.5) 7.74 (3.32) 1 7.04 (3.00) 1 0.42
Duration of epilepsy (years) 4.22 (3.24) 4 (3.3) 3.80 (3.20) 3 4.22 (2.79) 3 0.42
Epilepsy-related emergency room visits, previous year 0.99 (1.49) 3 (2.5) 1.15 (1.92) 2 0.91 (1.03) 1 0.17
Height (m) 1.50 (0.15) 28 (23.0) 1.52 (0.15) 12 1.48 (0.15) 16 0.79
Weight (kg) 47.93 (18.33) 27 (22.1) 48.49 (19.16) 12 46.80 (18.69) 15 0.71
BMI (weight/height2) 20.73 (5.36) 28 (23.0) 20.38 (5.24) 12 20.65 (5.35) 16 0.78
Waist (cm) 72.17 (14.62) 33 (27.0) 72.79 (15.57) 15 71.17 (14.36) 18 0.75
Hip (cm) 84.15 (13.62) 35 (28.7) 84.84 (14.33) 16 83.38 (13.92) 19 0.90
Waist-to-hip ratio (waist/hip) 0.85 (0.07) 35 (28.7) 0.85 (0.07) 16 0.85 (0.07) 19 0.44
Current grade at school 5.79 (1.91) 2 (1.6) 6.07 (1.87) 1 5.48 (1.89) 1 0.77
Number of siblings 1.58 (1.20) 2 (1.6) 1.51 (0.90) 1 1.52 (1.33) 1 0.17
Pedometer step count, 2-week baseline (daily average) 9035.25 (3144.55) 7 (5.7) 8519.98 (3058.71) 0 9524.32 (3172.38) 0 0.90

Note. INT = Intervention condition; CTRL = Control condition; M = Mean; SD= Standard deviation.

Table 3
Demographic data (categorical) at recruitment.

Characteristic Total sample
(N = 122)

% INT
(n = 56)

CTRL
(n = 59)

χ2

Sex
Male 58 47.5 27 28 0.93
Female 62 50.8 28 30
Missing 2 1.6 1 1

Primary language spoken
English 108 88.5 52 50 0.30
French 5 4.1 2 4
Other 7 5.7 1 4
Missing 2 1.6

School class placement
Regular class 95 77.9 41 48 0.29
Regular class with help 25 20.5 14 10
Special class 0 0
Missing 2 1.6

Family structure
Biological two-parent family 94 77.0 43 45 0.53
One-parent family 7 5.8 4 2
Separated/divorced 11 9.0 4 7
Reconstituted two-parent family 6 4.9 4 2
Extended family 2 1.6 0 2
Missing 2 1.6

Household income
b$20,000 6 4.9 1 0 0.23
$20,000–$29,000 5 4.1 2 2
$30,000–$39,000 5 4.1 3 2
$40,000–$49,000 6 4.9 2 2
$50,000–$59,000 6 4.9 0 6
$60,000+ 92 75.4 44 45
Missing 2 1.6
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would contain an equivalent number of participants [40]. The research
coordinator at the McMaster study site conducted this process for all
participants at both sites, and treatment allocation was concealed
from the study team.

2.9. Statistical analysis

All data were analyzed on an intention-to-treat basis. To test the ad-
equacy of randomization and the comparability of sites, between-group
analyses of baseline characteristics were conducted using independent
samples t-tests for continuous variables and χ2 tests for dichotomous
variables. An independent samples t-test was computed to test for dif-
ferences between groups for PA tracker adherence. To test our primary
hypothesis, mixed-effects linear growth curves were used to analyze
the 0–6, 7–12, and 0–12-month step data between groups, with partic-
ipants nested within site and time nested within participant, to account
for any baseline differences between sites. This approach used full infor-
mation maximum likelihood, which allowed participants with missing
data to be included in the analysis. Variables known or theorized to
affect the outcome (i.e., age, sex, BMI) and baseline step count were in-
cluded as covariates. All statistical analyses were performed using IBM
SPSS version 20.

3. Results

Fig. 1 outlines the recruitment data for the participating sites. In both
sites combined, 1013 patients were screened as potential participants,
and 242 (23.9%) were eligible and approached by their circle of care
and then a study team member during their clinic visit. Of the 242, 56
(23.1%) could not be reached after initial contact, and 64 (26.4%) declined
to participate. In total, 122 CWE enrolled in the study, and 115 were
randomized (94.3%). Demographic and epilepsy-related data are shown
in Tables 2 through 4. Separate t-tests computed on baseline data for
each of the continuous variables revealed that the groups were balanced
across all measures (all ps ≥ 0.11). Chi-squared tests showed that the
groups did not differ on any dichotomous variable (all ps ≥ 0.15).

3.1. Primary outcomes

Parameter estimates (i.e., beta-coefficients, standard errors, t-values,
p-values, and 95% confidence intervals) for time, group, and the group
by time interaction for each of the primary outcome variables are
displayed in Table 5.

3.1.1. Physical activity
Separate t-tests for PA tracker adherence (defined as ≥500 steps

on ≥3 days in a week) revealed no differences between the groups
during the 6-month intervention period (Intervention group: M =
77.9%± 27.0; Control group: M = 69.1% ± 30.1) and the subsequent
6-month follow-up period (Intervention group: M = 60.8% ± 37.1;
Control group: M = 51.4% ± 34.0) (all ps N 0.25). Overall, results
of the mixed-effects model for PA across the 12-month study pe-
riod (see Fig. 2) failed to show a significant main effect of group
(p = 0.67) or group by time interaction (p = 0.87); however, PA
levels significantly decreased over time for both groups (p b 0.001).
Mixed-effects model analysis for PA during the 6-month interven-
tion period revealed no differences between groups, over time, or
a group by time interaction (all ps ≥ 0.16). During the 6-month
post-intervention period, a mixed-effects model for PA did not show
a significant main effect of group or group by time interaction (all
ps ≥ 0.17); however, PA significantly decreased for both groups over
time (p b 0.001).



Table 4
Epilepsy and seizure characteristics (categorical) at recruitment.

Characteristic Total sample
(N = 122)

% INT
(n= 56)

CTRL
(n= 59)

χ2

Seizure types per patient
Single type 70 57.4 29 37 0.37
Two types 43 35.2 23 19
Three or more types 6 4.9 4 2
Missing 3 2.5 0 0

Seizure type distribution, past 12 monthsa

Simple partial seizures 15 12.3 6 9 0.15
Complex partial seizures 28 23.0 17 11 0.66
Generalized tonic–clonic seizures 52 42.6 21 28 0.66
Absence seizures 48 39.3 23 24 0.44
Myoclonic seizures 6 4.9 4 1 0.17
Atonic seizures 0 0.0 0 0 –
Missing 5 4.1 0 0

Seizure severityb

Low severity 50 41.0 23 25 0.98
High severity 67 54.9 30 33
Missing 5 4.1 0 0

Number of current antiepileptic drugs
None 12 9.8 5 7 0.72
One 74 60.7 36 33
Two 27 22.1 10 15
Three or more 6 4.9 3 3
Missing 3 2.5 0 0

Common antiseizure medication
Carbamazepine/oxcarbazepine 36 29.5 14 19 0.39
Levetiracetam 33 27.0 17 14 0.42
Ethosuximide 19 15.6 8 10 0.70
Valproate 20 16.4 10 7 0.36
Lamotrigine 13 10.7 5 5 0.93
Otherc 23 18.9 7 11 0.37

a Because of dual classification, numbers may add up to more than 100%.
b As per Cramer et al. [52]: In the past 12 months, Low= 1–20 simple partial seizures,

1–4 complex partial seizures, 1 generalized tonic–clonic seizure, 1–20 absence or
myoclonic seizures; High = N20 simple partial seizures, N4 complex partial seizures, N1
generalized tonic–clonic seizure, N20 absence or myoclonic seizures.

c Clobazam (n = 8), topiramate (n = 7), lacosamide (n = 2), clonazepam (n = 1),
phenobarbital (n = 1), phenytoin (n = 1), diazepam (n = 1), perampanel (n = 1), and
stiripentol (n = 1).

Table 5
Parameter estimates from mixed effects models for physical activity, depressive symp-
toms and quality of life.

Measure β (SE) t-Value, p-Value 95% confidence
interval

PA 0–6 months
Group −69.69 (532.22) −0.13, 0.90 −1129 to 990
Time −28.54 (19.06) −1.50, 0.14 −67 to 9
Group ∗ Time 18.16 (27.12) 0.67, 0.51 −36 to 72

PA 6–12 months
Group 1560.12 (1111.78) 1.40, 0.17 692 to 3812
Time −40.24 (26.40) −2.27, 0.029 −76 to −4
Group ∗ Time −34.48 (26.40) −1.31, 0.20 −87.89 to 18.93

PA 0–12 months
Group 201.01 (467.38) 0.43, 0.67 −729 to 1131
Time −26.47 (8.56) −3.09, 0.003 −44 to 9
Group ∗ Time 1.96 (12.19) 0.16, 0.87 −22.0.40 to 26.32

CHEQOL interpersonal
Group −0.97 (0.78) −1.25, 0.21 −2.51 to 0.56
Time 0.31 (0.25) 1.23, 0.22 −0.19 to 0.81
Group ∗ Time 0.31 (0.35) 0.90, 0.37 −0.37 to 1.00

CHEQOL intrapersonal
Group −0.62 (0.90) −0.70, 0.49 −2.38 to 1.14
Time 0.18 (0.27) 0.68, 0.50 −0.35 to 0.72
Group ∗ Time 0.57 (0.37) 1.54, 0.13 −0.16 to 1.30

CHEQOL secrecy
Group −0.66 (0.85) −0.77, 0.44 −2.34 to 1.03
Time 0.24 (0.25) 0.96, 0.34 −0.25 to 0.72
Group ∗ Time 0.33 (0.34) 0.97, 0.33 −0.34 to 0.99

CHEQOL normalcy
Group −0.76 (0.89) −0.85, 0.40 −2.51 to 1.00
Time 0.02 (0.27) 0.07, 0.95 −0.51 to 0.55
Group ∗ Time 0.46 (0.37) 1.25, 0.21 −0.27 to 1.18

CHEQOL present
Group −0.94 (0.93) −1.02, 0.31 −2.77 to 0.89
Time 0.10 (0.28) 0.35, 0.73 −0.45 to 0.64
Group ∗ Time 0.50 (0.38) 1.31, 0.19 −0.25 to 1.25

CHEQOL total
Group −4.36 (2.34) −1.87, 0.07 −9.99 to 0.27
Time 0.93 (0.81) 1.14, 0.26 −0.68 to 2.53
Group ∗ Time 2.02 (1.11) 1.82, 0.07 −0.18 to 4.23

KIDSCREEN PA/health
Group −0.09 (0.2.60) −0.03, 0.97 −5.24 to 5.06
Time 1.04 (0.81) 1.29, 0.20 −0.56 to 2.65
Group ∗ Time −1.18 (1.11) −1.06, 0.29 −3.39 to 1.03

KIDSCREEN mood
Group −3.38 (2.51) −1.35, 0.18 −8.36 to 1.59
Time −1.04 (0.72) −1.46, 0.15 −2.46 to 0.37
Group ∗ Time 0.96 (0.98) 0.98, 0.33 −0.98 to 2.91

KIDSCREEN family
Group 0.57 (2.71) 0.21, 0.83 −4.81 to 5.94
Time −0.59 (0.82) −0.72, 0.47 −2.21 to 1.03
Group ∗ Time 0.14 (1.12) 0.13, 0.90 −2.08 to 2.36

KIDSCREEN friends
Group 0.58 (3.31) −0.18, 0.86 −7.13 to 5.97
Time −1.46 (0.1.01) −1.44, 0.15 −3.48 to 0.55
Group ∗ Time −0.74 (1.40) 0.53, 0.60 −2.03 to 3.50

KIDSCREEN school
Group −1.01 (2.38) −0.42, 0.67 −5.74 to 3.72
Time 0.54 (0.80) 0.68, 0.50 −1.05 to 2.13
Group ∗ Time −1.10 (1.11) −1.00, 0.32 −3.30 to 1.10

Depression scores
Group 0.85 (1.51) 0.56, 0.58 −2.14 to 3.84
Time −0.38 (0.58) −0.66, 0.51 −1.53 to 0.76
Group ∗ Time −0.34 (0.78) −0.43, 0.67 −1.89 to 1.21

Note. Scores reflect Control group in reference in Intervention group. Estimates are
derived from linear mixed-effects model that adjusts for Baseline score, age, gender,
and BMI. p values are from t-tests for null hypotheses that parameter estimates were set
to zero.
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3.1.2. Condition specific quality of life
The numbers of CHEQOL assessments recorded at each visit were

107 at Visit 1, 97 at Visit 2, 92 at Visit 3, and 84 at Visit 4. Results
from the separate mixed-effects models indicated no differences
between groups, over time, or group by time interaction for child
interpersonal and social, child intrapersonal and emotional, child
secrecy, child normalcy, child present concerns, and child total (all
ps ≥ 0.07).

3.1.3. Health-related quality of life
The numbers of KIDSCREEN-27 assessments recorded at each visit

were 107 at Visit 1, 93 at Visit 2, 94 at Visit 3, and 89 at Visit 4 except
for the subscale “School and Learning”, which had 101 at Visit 1,
90 at Visit 2, 88 at Visit 3, and 82 at Visit 4. Separate mixed-effects
models did not demonstrate significant main effects of group and time
as well as a group by time interaction for PA and health, general mood
and feelings, family and free time, friends, and school and learning
(all ps ≥ 0.15).

3.1.4. Depressive symptoms
The numbers of CDI-S assessments recorded at each visit were

109 at Visit 1, 97 at Visit 2, 92 at Visit 3, and 83 at Visit 4. Results
of the mixed-effects model for depressive symptoms did not show a
significant main effect of group, time, or group by time interaction,
(all ps ≥ 0.07).
4. Discussion

The purpose of the current study was to examine whether a behav-
ioral counseling program targeting self-regulatory factors in combina-
tion with self-monitoring could increase PA levels among CWE, and in
turn, positively influencemental health andQoL over one year. Contrary



Fig. 2. Model predicted physical activity over time by group controlling for age, gender,
BMI, and baseline step count.
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to our predictions, the counseling programwas unsuccessful in increasing
PA to levels above those found in the control group. Measures of mental
health and QoL also showed no differences between conditions over the
one-year period. In fact, PA levels decreased among both groups following
the 6-month intervention period; however, reductions in PA were not
associated with declines in depressive symptoms and QoL.

The current study aimed to address a major gap in the literature by
utilizing PA trackers to obtain objectivemeasurements of PA to examine
the relationship between PA, mental health, and QoL among CWE.
Despite the 11-session counseling intervention rooted in evidence-
based behavior change techniques, PA levels did not differ between
the intervention and control groups. One possible reasonwhy the inter-
vention may have been unsuccessful is that the levels of PA were close
to the age-matched Canadian average among participants at baseline
[41]. Prior to randomization, participants were stratified based on
higher or lower baseline PA levels as per our earlier feasibility study
[18]. Unfortunately, only 7 participants were considered sedentary
whereas 108 participants exceeded this cut-point.

These results suggest that our sample was skewed and that seden-
tary CWE may have been less interested in participating in the study.
This characteristic of the sample poses a major challenge for under-
standing the relationship between PA, mental health, and QoL as
sedentary CWE potentially stand to gain the most from increasing PA.
Relatively active CWE may have established schedules, routines, or
habits that already include PA in their own or families' lifestyles. They
alsomay already have some self-management skills such as goal setting,
action planning, and coping with barriers that enable them to regulate
PA behavior, which could have limited the potential benefits of an addi-
tional intervention targeting skills for maintaining and enhancing PA
participation. Further, they may have strong familial or peer support
networks that facilitate and reinforce PA, as thesemay be influential de-
terminants of PA that were not targeted in this intervention. Moving
forward, it would be worthwhile to determine whether implementing
this intervention among sedentary CWE could demonstrate more pro-
nounced effects for PA behavior and impart positive downstream effects
onmental health and QoL. If results in further studies appear promising,
the behavioral counseling intervention employed in the current study
could be an effective template for research concerning PA interventions
and health outcomes in other populations with childhood-onset dis-
abilities that are also significantly underdeveloped.

During the 6-month follow-up period, both groups demonstrated
reductions in PA; however, no such changes were seen in the measures
ofmental health andQoL. It isworth noting that, despite this decline, PA
levels were still within the “relatively active” range. Given that PA pro-
vides an excellent setting for social support [42], and that social support
is one of the most robust predictors of QoL among CWE [43], it is not
surprising that mental health and QoL were maintained throughout
the study. Researchhas also shown that the novelty of using a PA tracker
dissipates gradually over time, with one-third of people stopped using
their device after 6 months [44]. Thus, participants may have worn
their pedometer on a less consistent basis over time, and voluntary re-
moval of the self-monitoring stimulus could explain why we observed
decreases in PA levels across both groups despite no changes in mental
health and QoL.

4.1. Strengths and limitations

Although the current study was unable to increase PA levels, there
were several strengths that should be taken into consideration in the
planning of future studies. First, this study had a strong design, using a
longitudinal rather than cross-sectional approach to examine whether
engaging in PA had benefits for mental health and QoL over time
among CWE, a population that has received limited attention regarding
exercise for health. Second, the study examined autonomous PA behav-
ior within a naturalistic setting. Most studies investigating the effects
of PA on health and/or QoL among people with epilepsy have been
conducted in laboratory-based settings where participants are guided
through an exercise protocol [45–47]. Such studies fail to account for
the self-management skills necessary for initiating and maintaining PA
behavior outside of the laboratory. Third, using an objective measure
of PA improved the accuracy of PA measurement compared with self-
reported PAmeasures [48]. Finally, the PA behavior change intervention
was rooted in evidence-based behavior change techniques that have
shown potential to improve PA participation in several healthy and
clinical populations [49].

Despite numerous strengths that aimed to address gaps within the
literature, several limitations must be acknowledged. The study sample
was heavily skewed towards relatively active CWE, who may already
possess self-management skills that enable them to achieve higher PA
levels and therefore have less room to gain from a behavioral counseling
intervention targeting self-regulation of PA. A second sampling limita-
tion relates to the high socioeconomic status of the participants. A re-
cent review [50] highlighted the lack of participation of families of
lower socioeconomic status in studies examining QoL. Moving forward,
studies including participants from a range of socioeconomic statuses
may provide a better understanding of the influence of this factor on
QoL among people with epilepsy. Another limitation is that there was
a potential for both favorable outcomes and limited generalizability
of the findings because we included children who functioned at, or
above, a grade 3 level, estimated to constitute about 80% in pediatric
epilepsy [51]. Lastly, the novelty of receiving a Fitbit® and having
access to current daily step counts provided behavioral feedback to
self-monitor PAwhichmayhave influenced PA levels among the control
condition. Prior research has shown that activity trackers are an effec-
tive motivational tool that positively influences PA levels, particularly
among children [21], therefore, future studies should disable feedback
information on PA trackers for control conditions in order to maximize
the reliability and validity of using direct measures of PA while limiting
the potentially confounding effect of self-monitoring.

In conclusion, the present study did not determine whether
increasing PA positively influences mental health and QoL among
CWE. Several strengths and limitations provide insight regarding how
to address gaps in the literature in the future. Researchers are encouraged
to conduct longitudinal investigations examining whether PA self-
management interventionsmay be effective for improvingmental health
and QoL among low active CWE.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.yebeh.2019.03.011.
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