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Over the last decade, there has been a major shift in
pediatric rehabilitation from an impairment-based model to
activity-based interventions focusing on improving fitness,
physical activity, and participation for children and youth
with disabilities [1]. A catalyst for this shift is related to
the emphasis on health promotion and disease prevention
in the health care arena. There is growing evidence on the
importance of daily physical activity for health in children
and youth as well as evidence on positive health outcomes
from programs that promote physical activity and fitness for
children and youth; however, less information is available on
these topics for children and youth with disabilities [2–6].

As rehabilitation interventions incorporate more strate-
gies to increase fitness, physical activity, and participation in
children and youth with disabilities, it is critical that outcome
measures are appropriate to examine intervention effective-
ness. Over the past few years, there has been an increase in
measurement methodology research to ensure the feasibility,
reliability, validity, and responsiveness of fitness and physical
activity measures for children and youth with disabilities. It
is important that pediatric rehabilitation researchers design
sound intervention and measurement protocols to identify
the effectiveness of activity-based interventions to improve
fitness and physical activity in children and youth with
disabilities. It is important that these measures are accessible
and feasible for researchers and clinicians. Further, it is
important that researchers articulate clear operational defi-
nitions of the fitness components (strength, endurance, flex-
ibility, and body composition) and physical activity dimen-
sions (frequency, duration, and intensity) that are being

examined in the research. The aim of this special issue is to
expand the level of knowledge about fitness interventions,
physical activity participation, and measurement protocols
for children and youth with disabilities.

This special issue represents an international forum of
physical activity and fitness research. The articles reflect the
components of the World Health Organization’s Interna-
tional Classification of Functioning, Disability, and Health
(the ICF Model) and they target a variety of disabilities
and conditions of childhood including cerebral palsy, spina
bifida, motor disability, and neurodevelopmental disorders.

The ICF Model includes three personal dimensions; body
structure and body function impairments, activity limita-
tions, and participation restrictions. In this special issue, two
articles focused on body structure and function impairments
with one examining the potential for cardiometabolic dys-
function in youth with spina bifida and the role of physical
activity and exercise while the other examined arterial struc-
ture and function in cerebral palsy. Four articles examined
different aspects of activity. Two articles examined measures
of physical activity; one was a systematic review of clinimetric
properties of habitual physical activity measures in motor
disability and one examined the feasibility of accelerometry
to measure physical activity in cerebral palsy. Another article
focused on functional electrical stimulation as an interven-
tion strategy to assist in cycling activity and one examined
child, family, and environmental factors that influence phys-
ical activity levels in children with special health care needs.
Two articles examined participation; one in the context of
play in children with cerebral palsy and one in the context
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of overall physical activity participation in children with
neurodevelopmental disorders.

Each study illustrates the multiple aspects of physical
activity and fitness that must be considered when designing
an intervention program and measurement protocol to
examine outcome effectiveness. Further, these papers also
represent the variety of issues to consider when conducting
research with children and youth with disabilities. There is a
multitude of physiological, medical, functional, and envi-
ronmental factors that contribute to the effectiveness and
sustainability of interventions and outcomes. Also, when one
conducts pediatric research, there are multiple maturational
and developmental factors to consider. The articles in this
special issue reflect the breadth of childhood as different
researchers focused on different age ranges of childhood and
adolescence.

This special issue provides a good resource to inform and
facilitate future research on fitness and physical activity in
children and youth with disabilities. This collection of work
represents a substantial contribution to the burgeoning field
of activity-based research and fitness and physical activity
outcomes for children and youth with disabilities.

Maria A. Fragala-Pinkham
Margaret E. O’Neil
Kristie F. Bjornson

Roslyn N. Boyd
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Aim. To identify and systematically review the clinimetric properties of habitual physical activity (HPA) measures in young children
with a motor disability. Method. Five databases were searched for measures of HPA including: children aged <6.0 years with a
neuromuscular disorder, physical activity defined as “bodily movement produced by skeletal muscles causing caloric expenditure”,
reported HPA as duration, frequency, intensity, mode or energy expenditure, and evaluated clinimetric properties. The quality of
papers was assessed using the COSMIN-checklist. A targeted search of identified measures found additional studies of typically
developing young children (TDC). Results. Seven papers assessing four activity monitors met inclusion criteria. Four studies
were of good methodological quality. The Minimod had good ability to measure continuous walking but the demonstrated
poor ability to measure steps during free-living activities. The Intelligent Device for Energy Expenditure and Activity and
Ambulatory Monitoring Pod showed poor ability to measure activity during both continuous walking and free-living activities.
The StepWatch showed good ability to measure steps during continuous walking in TDC. Interpretation. Studies assessing the
clinimetric properties of measures of HPA in this population are urgently needed to allow assessment of the relationship between
HPA and health outcomes in this group.

1. Introduction

Habitual physical activity (HPA) is an established deter-
minant of health in children and is required for healthy
development, including the growth of bone and muscle mass,
improved balance and motor skills, maintaining a healthy
weight and improved psychological wellbeing [1, 2]. Limited
evidence suggests young children with motor disorders are
less physically active than their typically developing peers [3].
Consequently they may be at risk of suboptimal growth and
development in addition to the development of secondary
conditions such as chronic pain, fatigue, and low bone

density which can lead to diminished bone health [4, 5].
Australian physical activity guidelines state children aged
from one to five years should be physically active for three
hours throughout the day and should not be sedentary,
restrained, or kept inactive, for more than one hour at a time,
with the exception of sleeping [2]. Studies investigating the
link between HPA and health outcomes for children with
motor impairments have not been conducted. These studies
are urgently needed to (i) determine the HPA patterns and
intensities of children with motor disabilities, (ii) support
the importance of physical activity promotion and inactivity
prevention, (iii) determine the dose-response relationship



2 International Journal of Pediatrics

between physical activity and health outcomes, and (iv) allow
assessment of the effectiveness of interventions aimed at
increasing HPA.

Physical activity is defined as “any bodily movements
using skeletal muscles that results in energy expenditure” [6].
The International Classification of Functioning, Disability
and Health (ICF) further divides physical activity into the
concepts of “performance” and “capacity” [7]. Performance
is defined as the execution of an activity in the natural
environment. This is distinct from capacity which refers to
a child’s maximal ability to perform an activity in an ideal
or standardised environment. Performance and capacity
to complete a task (e.g., jumping) can be determined by
observing the child undertake that specific task within a
limited time frame in their natural and ideal environment,
respectively. HPA, on the other hand, describes a child’s
typical daily activity pattern and hence includes their
performance of a multitude of activities which necessitates
measurement across multiple days [8]. The variables of
frequency (how often a child does an activity), intensity (how
hard a child works to do the activity), duration (how long a
child does an activity), and mode (what the child is doing)
are used to characterise HPA patterns, while activity-related
energy expenditure (AEE) is used as a summary variable of
all the other indicators [9, 10].

Direct observation is considered the gold standard for
physical activity classification, while doubly labelled water in
combination with resting energy expenditure is considered
the gold standards for calculating AEE [10]. Measures of
HPA include both objective and subjective methods [11].
Objective measures include heart rate monitors, accelerom-
eters, and pedometers. Subjective methods include self- or
proxy reports, interviews, and diaries. The measurement of
HPA in typically developing children (TDC) has received a
great deal of attention in the last decade, primarily due to a
concern over the increasing rate of overweight and obesity
in childhood [12]. A systematic review of pedometers and
accelerometers has identified moderate-to-good evidence of
validity and strong evidence of reliability for the ActiGraph
accelerometer in preschool-aged TDC [13]. Children with
motor impairments may not be walking but instead cruising,
crawling, bottom shuffling, rolling, use walking aids or a
wheelchair as means of locomotion, and those who are
walking may have different gait patterns and speed of
movement than TDC [14]. This variation in movement
patterns necessitates validation of motion sensors specifically
for this population.

Systematic reviews of measures of physical activity in
children and adolescents with cerebral palsy (CP) have been
conducted [15, 16]. Capio et al. [15] included children with
CP from birth to 18 years and concluded that the subjec-
tive measures of the Activities Scale for Kids-Performance
Version (ASKp) and the Children’s Assessment of Partici-
pation and Enjoyment (CAPE) are the only measures with
established validity and reliability in children with physical
disabilities from the age of six years. The review by Clanchy
et al. [16] included children with CP aged 10–18 years
and identified the CAPE as the measure with the strongest
evidence of reliability and validity. It was also noted that no

measures have been assessed in children with more severe
disability who are wheelchair dependent. This paper did
not include the ASKp as it did not meet inclusion criteria
of 60% of items relating to a domain of physical activity
performance. This was done to ensure the included measures
assess physical activity as traditionally defined by Caspersen
et al. [6] and not “participation” which does not take into
consideration the sedentary or active nature of the activity.
Both reviews note the lack of HPA measures which can
assess activity intensity, which limits their ability to provide
meaningful comparison with physical activity guidelines, as
children from the age of six years are advised to accumulate
60 minutes of moderate-to-vigorous physical activity every
day [17]. This current paper aims to systematically review the
clinimetric properties (validity, reproducibility, and clinical
utility) of measures of HPA in children less than 6 years of
age with a motor disability [6].

2. Method

2.1. Search Strategy. A systematic literature search was per-
formed by one reviewer (SO) of the electronic bibliographic
databases PubMed, CINAHL, EMBASE, SPORTDiscus, and
Web of Science from their inception to September, 2011.
Databases were searched using medical subject headings
(MeSH) terms and text words for physical activity and
disability, limiting the search to the age group <6.0 years.

2.2. Inclusion and Exclusion Criteria. Measures of HPA were
included which met the following criteria: (i) included
children less than six years of age with a motor disability
caused by neuromuscular disorders; (ii) defined physical
activity as any bodily movement produced by skeletal
muscles that results in caloric expenditure [6]; (iii) reported
physical activity in terms of duration, frequency, intensity,
or energy expenditure; (iv) questionnaires where at least
60% of items related to a domain of HPA; (v) evaluated
clinimetric properties for the measurement of HPA. Studies
were excluded if they were (i) not published in English, due to
lack of translation services; (ii) primarily measured capacity
or participation.

The title and abstract of all retrieved references were
screened by the first author to exclude any papers which did
not include children in the target age group or were not on
the topic of physical activity measures. A second screening
of abstracts was performed by two authors (SO, LM)
independently to exclude those that did not include habitual
physical activity measures but rather assessed capacity or
participation measures. For the remaining abstracts, full
papers were retrieved and screened by two authors (SO,
LM). Publications which did not assess the clinimetric
properties of measures of HPA in children with motor
disabilities were excluded. Upon disagreement between the
two reviewers, a third reviewer (KB) reviewed the publication
in question. The reference lists of included papers and
relevant reviews were screened, and electronic author and
citation tracking were performed when available, to identify
relevant publications not identified by the initial search
strategy. For measures where clinimetric properties were
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found in children less than six years of age with a motor
disability, a further search identified any evidence in typically
developing children in the same age group.

2.3. Data Extraction and Quality Review. The COSMIN
(COnsensus-based Standards for the selection of health Mea-
surement INstruments) checklist [18] was used to rate the
methodological quality of the study designs used to evaluate
the clinimetric properties validity and reproducibility for
measures of HPA. The COSMIN was developed through
an international Delphi study to assess the methodological
quality of studies on measurement properties of health-
related patient-reported outcomes (HR-PROs) [18]; however
the measurement properties are also relevant to other health-
related measurement instruments. The scoring system was
developed based on expert discussion and testing on 46
articles identified by a systematic review and uses a “worst
score counts” algorithm [19]. Each item within a specific
measurement property is rated individually as “excellent”
(+++), “good” (++), “fair” (+), or “poor” (−) and an
overall score is given by taking the lowest score of any
of the items within the assessment of the measurement
property. Measurement properties included in this paper
were measurement error (COSMIN box C), hypothesis
testing (COSMIN box F), and criterion validity (COSMIN
box H). The methodological quality rating of the papers was
separated into study design and statistical analysis.

2.4. Rating of Study Design. The study design for the
assessment of measurement properties was rated as having
“excellent” quality if all relevant items within a given
checklist scored “excellent.” Study design was rated as “good”
if information for some items was not complete and therefore
could not be scored “excellent,” though it could be assumed
these were of “good” quality. A “fair” quality rating was given
if there were minor flaws in the design. If the results were not
to be trusted because of major flaws in the design, a study is
rated as “poor” [19]. To assess if there were any important
flaws in the design or methods of the study (COSMIN Box
H, item five), items from the systematic review of activity
monitors in TDC were used [13] as a guide in addition
to whether or not the testing protocol included free-living
activities.

One modification was made to the original COSMIN
checklist. Proposed sample size requirements [20] were
applied in the clinimetric properties section instead of the
study design section. The decision to separate study design
and sample size requirements was made as sample size does
not determine study design quality as such but does affect the
statistical power available to detect a significant result.

2.5. Statistical Methods and Clinimetric Properties of HPA
Measures. For the assessment of criterion validity, the
COSMIN checklist accepts correlations or the area under
the receiver operator characteristic (AUC-ROC) curve as
“excellent” statistical methods for continuous measures [19].
For dichotomous scales sensitivity and specificity calcu-
lations are considered “excellent” measures [19]. For the
assessment of concurrent validity (hypothesis testing) it is

up to the reviewer to assess if the method is “appropriate”
and therefore scores “excellent.” For the assessment of
measurement error (agreement), Standard Error of Mea-
surement (SEM), Smallest Detectable Change (SDC), and
Limits of Agreement (LoA) calculated using the Bland-
Altman method are accepted as “excellent.” According to
the COSMIN a sample size of less than 30 participants is
considered “poor,” 30–49 participants is considered “fair,”
50–99 participants is considered “good,” and 100 or more
participants is considered “excellent” [19]. Authors were
contacted to see if they had used any power calculations when
determining their sample size.

Quality criteria for the clinimetric properties of measures
were proposed to give a framework to help distinguish
between the quality of the studies and the performance of
the measurement tools [20]. Agreement, criterion validity,
and construct validity were therefore scored as good (+),
indeterminate (unable to assess: u/a), or poor (−) [20].
Criterion validity was considered “good” if correlation with
gold standard was ≥0.70, sensitivity and specificity ≥0.70,
and area under receiver operating characteristic curve ≥0.70
[20]. Construct validity was considered “good” if 75% of
the results were in accordance with the hypothesis [20].
Measurement error is considered “good” if the SDC or the
LoA are smaller than the minimal important change or if
“authors provide convincing arguments that the agreement
is acceptable” in a sample size of at least 50 participants
[20]. Studies that used a “poor” statistical method scored
“indeterminate” for performance of clinimetric properties.

The assessment of clinimetric properties of HR-PRO
questionnaires might be of a different nature to those
assessing activity measures due to the availability of gold
standards, something which is not readily available for HR-
PROs as these are usually questionnaires regarding patient
outcomes such as pain and quality of life [21]. The statistical
methods and performance of clinimetric properties were
therefore scored according to the COSMIN but were also
discussed further, and a different score was given if authors
presented a convincing argument that the measure was
acceptable.

2.6. Clinical Utility. The clinical utility of measures of HPA
was assessed in terms of the need for individual calibration
of the equipment, the interpretability of the data output, and
the need for software analysis, cost of equipment, and any
required software. The feasibility of the equipment for using
children aged less than six years with a motor disability in free
living situations was also considered (size, weight, number of
sensors, place worn, ease of correct placement, and battery
life). The richness of data was also assessed in terms of what
aspects of HPA (frequency, duration, intensity, mode, and
energy expenditure) it was able to assess in children with a
motor disability.

2.7. Overall Level of Evidence. The overall level of evidence
for the clinimetric properties of measures of HPA in
young children with motor disabilities was determined as
a whole by assessing the methodological quality of study
design and statistical methods used in the assessment of
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1771 abstracts yielded

1st screening of titles and
abstracts

1567 abstracts excluded

3rd screening of 31 full papers
and 2 abstracts from conference

proceedings

27 papers and 1 abstract
from conference

proceeding

2nd screening of 204 titles and
abstracts

171 abstracts excluded

Identified measures in children
with motor disabilities:

Activity monitoring pod
Minimod
StepWatch
Intelligent device for

energy expenditure and
activity (IDEEA)

StepWatch

•
•

•
•

•
•

Minimod

Targeted search for
measures in typically

developing children (3
papers) :

4 papers and 1abstract from
conference proceeding included

Figure 1: Flow diagram for search strategy.

HPA measures using the “worst score counts” algorithm,
agreement between studies on the quality of clinimetric
properties of these HPA measures, and the number of studies
available for each HPA measure.

3. Results

Description of the results of the search strategy can be seen in
Figure 1. The initial search yielded 1771 titles, and abstracts
after duplicates were deleted. The initial screening by titles
and abstracts excluded 1567 titles, and the second screening
excluded a further 171 papers. Thirty-one full papers and
two abstracts from conference proceedings were further
reviewed. Four papers and one abstract from conference
proceedings on the clinimetric properties of four measures of
HPA in children with motor disabilities were identified which
included children aged less than six years in their sample.
None of the studies focused exclusively on children aged less
than six years, which led to the inclusion of studies with a
wide age range (4–18 years).

The characteristics of the studies are detailed in Table 1.
Evidence of clinimetric properties was found for three
accelerometer-based activity monitors [22–26] and one
pedometer using inertial sensors [23]. A paper by Kuo et al.
[23] and an abstract from conference proceedings by Brandes
et al. [22] were identified for the Minimod pedometer
(DynaPort McRoberts, Hague, Netherlands). The Activity
Monitoring Pod-331 pedometer which uses inertial sensors
(AMP; Dynastream Innovations, Alberta, Canada) was also
assessed in the paper by Kuo et al. [23]. Papers by Stevens

et al. [24] and McDonald et al. [25] were identified for the
StepWatch pedometer (Orthocare Innovations, WA, USA).
A paper by Aviram et al. [26] assessed the Intelligent Device
for Energy Expenditure and Activity (IDEEA; Minisun,
CA, USA). Only McDonald et al. [25] assessed children
with Duchenne muscular dystrophy (DMD); others assessed
children with CP who were able to walk with or without
aids (Gross Motor Function Classification System levels I–
III) [22–24, 26]. None of the study samples included children
who did not walk as their main means of locomotion.

All of the studies of children with motor disabilities
included TDC as a reference group [22–26]. Sample sizes
ranged from 17 to 27 children with motor disabilities and
7–27 in the TDC reference group. All authors were contacted
to clarify the proportion of children in their study who were
under the age of six. The study by Brandes et al. [22] on
the use of the Minimod included one child (5%) with CP
aged five years old and four children (20%) in the TDC
sample aged three to five years. The study by Aviram et al.
[26] included nine children (43%) aged four to five years
with three children in each GMFCS category (I–III). The
authors did not supply the number of TDC aged five years,
but the youngest of the seven children in the TDC group
was 5 years and 8 months old [26]. In the study by Kuo et
al. [23] it was estimated that a maximum of two children
in the CP (11%) and TDC (10%) group were less than
six years old, although authors were not able to readily
access information to confirm this. It is not known how
many children were under the age of six in the study by
Stevens et al. [24] and McDonald et al. [25]. The targeted
search for studies reporting on the clinimetric properties of
the identified measures in young TDC identified a further
three studies assessing the Minimod [27] and the StepWatch
[28, 29]. The sample size in the three studies ranged from
20 to 162 children, and ages ranged from 2 to 16 years. The
StepWatch study by Bjornson et al. [28] reported results for
two-to-three-year olds (n = 60) and four-to-five-year olds
(n = 62) TDC separately. The StepWatch study by Song
et al. [29] used two age bands (5–7 years and 9–11 years)
with ten children in each group, but the number of five year
old children in the youngest group was not specified by the
authors upon request. In the paper by Brandes et al. [27],
authors report on the same sample of TDC (n = 20, four
children ≤6.0 years) as in the previously mentioned abstract
from conference proceedings. The full paper and abstract
from conference proceedings will be rated as one paper.

3.1. Rating of Study Designs. Description of the study design
of included papers is outlined in Table 1. None of the authors
using manual step count as a criterion method reported on
the accuracy of the manual step count (intra- or interrater
agreement). Although it can be assumed that it is a gold
standard, no evidence has been provided, and therefore the
maximum attainable score for all studies according to the
COSMIN checklist was “good” [19]. The study by Brandes
et al. [22, 27] assessed the criterion validity of the Minimod
in children with CP and TDC compared to manually counted
steps and meters walked was rated “good” for study design.
Authors report complete information in regarding test
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protocol (monitor settings, placement, data output, average
steps needed for length walked, and range of steps across
group) but only tests of continuous walking that may not
adequately reflect free-living walking activity. The study by
Kuo et al. [23] on the criterion validity of the Minimod and
AMP compared to manually counted steps and measured
meters walked was rated “good” on this construct. Authors
report complete information on test protocol and use of a
variety of structured activities: continuous walking; activity
lap walking which includes walking, stopping, completing a
simple task, and walking again; stair ascent and descent.

The studies by Stevens et al. in children with CP [24],
McDonald et al. in children with DMD [30], and Song et
al. in TDC [29] all assessed the criterion validity of the
StepWatch against manual step count and scored “poor”
for study design due to providing no information on parts
of their study protocol (number of steps, range of steps
needed, and length walked). This does not necessarily mean
the design was genuinely poor, but the lack of reporting does
not enable assessment on applicability in measuring habitual
walking activity and has implications for the interpretation
of any reported statistics. The study by Bjornson et al. [28]
assessed the StepWatch for criterion validity in TDC against
manual step counts and was rated “good” for study design
as they report a complete test protocol, though only assessed
performance during continuous walking.

The study by Aviram et al. [26] assessed the criterion
validity of energy expenditure (EE) measured by the IDEEA
compared to the gold standard of indirect calorimetry using
the Cosmed (K4b2, Rome, Italy) which measured oxygen
consumption (VO2) in five-second epochs. Authors reported
complete study protocol information and assessed a range
of everyday activities in addition to comfortable and fast
treadmill walking and stair climbing. The study scored
“good” for study design due to not providing any evidence
of the Cosmed being a gold standard measurement although
it can be assumed adequate [19]. Authors discuss possible
limitations of the use of the Cosmed, which include a poor
fitting mask, which may lead to inaccurate measurement.
This study also assessed the test-retest reliability of the
IDEEA and received an “excellent” rating for study design in
the assessment of this construct.

The StepWatch study in children with DMD [25] used a
heart rate monitor to assess its concurrent validity over four
days of wear. This study was rated “fair” for study design in
the assessment of this construct as an a priori hypothesis of
the relationship between the StepWatch and heart rate was
not stated, but it was possible to deduce what was expected
[19].

3.2. Rating of Statistical Methods and Clinimetric Performance
of Measures. The clinimetric properties measured for all the
studies reviewed are outlined in Table 2. All studies apart
from the study by Bjornson et al. [28] had a sample size of
less than 30 children which constitutes a “poor” score on the
COSMIN checklist, while the sample size of 60–62 children
in each age group found in the Bjornson et al. study [28]
receives “good” rating on this item. Three of the four authors
who replied had not used a power calculation to determine

sample size [22, 23, 26, 27], and one author stated in their
reply that the recruitment of 60 children in each group
(30 boys and 30 girls) was chosen as it was expected this
would “increase the likelihood of approximating a normal
distribution” [28]. It is not known if Stevens et al. [24]
and McDonald et al. [25] used any power calculations to
determine their sample size. As the COSMIN works on a
“worst score counts” algorithm, the highest score possible
for all but one study is therefore “poor,” but as several
studies report significant results, further discussion about the
clinimetric performance of measures is warranted.

Percent agreement was used to assess the criterion
validity of the Minimod in children with CP and TDC
by Brandes et al. [22, 27], and the use of this method
leads to a “poor” rating for statistical methods according
to the COSMIN as it comes under “any other statistical
method” [19]. Percent agreement is a relative measure and
therefore depends on reporting of the absolute values for
meaningful interpretation. Authors present rich information
such as the average steps needed to walk the 20-meter track
(CP children) and 160-meter track (TDC) and range of
steps taken [22, 27]. It is therefore possible to see that the
measurement error is small. Children with CP (n = 19)
walked an average of 79.8 steps (min: 57; max: 126), and on
average the Minimod over- or underestimated by one step
(agreement = 98.7%; range: 94.1 to 101.8%) [22, 27]. TDC
(n = 20) walked an average of 273.7 steps (min: 207; max:
377), and on average the Minimod over or underestimated
by one step (agreement = 99.6%; range: 98.5 to 101.5%)
[22, 27]. Children with CP walked only one-third of the
steps TDC walked, and a higher likelihood that agreement
occurred by chance exists. Due to good reporting of study
protocol and results, percent agreement was considered an
“excellent” statistical method. The Minimod showed “good”
accuracy and precision for the measurement of continuous
walking. A limitation of this study was the assessment of
continuous walking only, and therefore the criterion validity
for measuring HPA is “indeterminate.”

The issue of use of percent agreement arises in two other
studies assessing the StepWatch in TDC. Percent agreement
is used by Song et al. [29] who compare steps measured and
manual step count. They found a measurement error of 3 ±
1% [29] but did not report how long children walked or how
many steps they took which does not allow the assessment of
absolute measurement error or the likelihood that the error
was low by chance. For this same study, a Pearson correlation
coefficient has been reported in a separate paper [31] which
by COSMIN standards was an “excellent” statistical method,
but the lack of information about the study protocol still
applies as correlation could have been estimated based on
a small number of steps. The use of percent agreement
and Pearson correlation coefficient in this study receives a
“poor” rating, and evidence of criterion validity based on
this study was “indeterminate.” Percent agreement was also
used in the study by Bjornson et al. [28] but total steps taken
are reported as ≥100 steps, and therefore it is possible to
assess the absolute value of agreement in step count for two-
three-year olds (99.2 ± 4.6%) and 4-5-year olds (100.0 ±
4.4%). In this study, the use of percent agreement therefore
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rates as “excellent,” and the evidence of criterion validity for
continuous walking is “good” which is further strengthened
by the large sample size. Criterion validity for measurement
of HPA cannot be determined based on this study. A further
two studies assess the use of the StepWatch in children with
CP [24] and DMD [25] but do not report any statistical
methods or results which was rated “poor,” and criterion
validity for these populations was therefore “indeterminate.”

Bland-Altman plots [32] and percent of activity laps
which were detected were used to assess criterion validity
in the combined study of the Minimod and AMP by Kuo
et al. [23] and due to this would have scored “poor” on
the COSMIN checklist [19]. The lack of a specific index to
summarise the degree of agreement is a limitation of the
Bland-Altman technique, and inferences about the estimate
cannot be performed [33]. A strength of the Bland-Altman
technique is that it produces a meaningful graph and
computes the confidence limits from the paired differences
between the criterion method (manual step count or meters
walked) and the same variables measured by the Minimod
[33]. This provides us with the ability to assess both accuracy
and precision of measures and allows a comparison between
groups and therefore still allows a thorough assessment
of the agreement between methods and can be rated as
an “excellent” statistical method. The Minimod performed
well in continuous walking trials compared to measured
length and direct observation of steps (mean difference =
−0.4 m/−0.4 steps, 95% limits of agreement = −4.7 to
4 m/−4.1 to 3.3 steps) but showed a larger random error
for activity lap walking (mean diff. = −2.3 m/−0.4 steps,
95% LoA = −27.9 to 23.3 m/−87.8 to 10.4 steps) [23].
The Minimod only detected walking activity in 19–37%
of stair walking trials (ascent/descent) [23]. In TDC, the
Minimod performed well for continuous walking trials and
poor in structured activity laps (see Table 2); however it
performed better for detecting stair walking (84%) [23].
The AMP showed greater underestimation and random error
in continuous walking trials (mean diff. = −4.8 m/−3.5
steps, 95% LoA = −20.1 to 10.5 m/−16.9 to 10 steps)
which increased with increasing distance walked [23]. The
AMP performed better than the Minimod in the structured
activity lap walking trials, but still showed considerable bias
difference and large random error in this trial (mean diff. =
−3.6 m/−11.2 steps, 95% LoA = −19.2 to 12.0 m/−40 to
17.7 steps), however detected more of the stair climbing
trials (85%) [23]. Results were similar for TDC (see Table 2)
[23]. Due to the lack of an index, a specific cut-off for what
classifies as a “good” result cannot be set; however the results
indicate that the Minimod has “good” accuracy and precision
for continuous walking. When it comes to more free-living
type activities such as the structured walking trial and stair
walking, the performance of the Minimod is “poor.” The
AMP showed “poor” precision and accuracy in both walking
trials, however detected more stair trials. As the focus of
this paper is the ability to measure free-living activities, both
monitors score “poor” for evidence of criterion validity for
measuring HPA.

A Pearson correlation coefficient was used to assess
agreement between the EE measured by the IDEEA and the

criterion method of indirect calorimetry using the Cosmed
[26]. A Pearson correlation is considered an “excellent” sta-
tistical method by the COSMIN [19]. For the daily activities
trial, total energy expenditure was used as the outcome mea-
sure. For comfortable and fast treadmill walking and stair
climbing trials, energy expenditure rate (kcal/minute) was
used. For children with CP and TDC the correlation between
measurement outputs was “good” by COSMIN standards
during all activities (CP: r = 0.70–0.88; TDC: r = 0.74–
0.97, P ≤ 0.05) [26]. A limitation of the Pearson correlation
coefficient is that it only measures precision not accuracy
and is therefore not a true measure of agreement [33]. This
is demonstrated by the authors of this paper as the IDEEA
significantly overestimated energy expenditure during the
series of everyday activities and during comfortable treadmill
walking both in children with CP and TDC, and during fast
treadmill walking in TDC (paired t-test, P < 0.01) [26].
During fast treadmill walking in children with CP and during
stair walking in both groups, measured energy expenditure
did not differ significantly between methods (paired t-test,
P > 0.01) [26]. A limitation of the t-test is that it will only
show a significant difference if there is a systematic constant
difference between two values, not if there is a systematic
proportional difference as the paired difference will end up
close to zero [34]. A Bland-Altman plot or a regression
analysis would provide a better identification of the nature of
any systematic differences in the EE estimation of the IDEEA.
The present energy expenditure calculations used in the
IDEEA software do not accurately assess energy expenditure,
and the clinimetric properties of the IDEEA are therefore
considered “poor.” Authors suggest the good correlation
between the IDEEA and the Cosmed indicates it can be used
as a clinical follow-up tool for quantitative evaluation of
efficacy of treatment interventions. As the IDEEA appears
to perform better at higher intensities, systematic differences
may exist which may lead to inaccurate conclusions. The
reliability of EE measurement by the IDEEA was assessed in
children with CP (n = 12) [26] using a Pearson’s correlation
coefficient and a paired t-test. Authors aimed to assess
“agreement” between repeated measures as discussed in de
Vet et al. [35]. This study therefore scored “poor” for choice
of statistical method as measures can significantly correlate
despite being significantly different, and the inability of a t-
test to detect systematic proportional differences as discussed
previously still applies [33, 34]. Agreement between repeated
measures of EE using the IDEEA is therefore “indeterminate”
based on this study.

Authors of the StepWatch study in children with DMD
[25] used a heart rate monitor to assess its concurrent validity
and received a “good” rating for statistical method as they
used a Pearson correlation coefficient but did not report
standard deviation. Evidence of concurrent validity was rated
poor as r < 0.70 (CP: r = 0.295; TDC: r = 0.477; P < 0.05).

3.3. Clinical Utility. Clinical utility was assessed for the
four identified measures and is summarised in Table 2.
The Minimod and StepWatch require individual calibration
and software for analysis. The StepWatch is expensive (cost
not available for Minimod). The rich data collected by the
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Table 3: Evidence of criterion validity.

Measure Study Study design Statistical method Criterion validity for HPA

Minimod Kuo ++ +++ −
Brandes ++ +++ u/a

AMP Kuo ++ +++ −
IDEEA Aviram ++ +++ −
StepWatch Stevens − u/a u/a

McDonald − u/a u/a

Song (TDC only) − − u/a

Bjornson (TDC only) ++ +++ u/a

IDEEA: Intelligent Device for Energy Expenditure and Activity; TDC: typically developing children; (+++): excellent; (++): good; (+): fair, (−): poor, (u/a):
unable to assess/indeterminate.

StepWatch and Minimod allows measurement of intensity,
frequency, and duration of walking activity. The units are
both small and unobtrusive and have battery lives of seven
days for the Minimod and up to six weeks for the StepWatch,
depending on settings. This makes them both feasible tools
for the measurement of habitual walking activity. In the event
that data collection is delayed once the device is provided to
the child’s parents, having a battery life of more than seven
days, and therefore not requiring recharging is a strength
of the StepWatch as there is less likelihood of loss of data.
The Minimod is worn around the waist centred at the lower
lumbar spine, while the StepWatch is worn on the ankle in
a small cuff. Consistency of placement for repeated and all-
day wear may be easier to achieve with an ankle placement
which would reduce measurement error due to inconsistent
placement. Both pedometers were considered to have good
clinical utility. The AMP is small, worn around the ankle,
does not require calibration or software analysis, and has a
good battery life; however it only measures total step count
or meters walked per wear period. The AMP was considered
to have good clinical utility. The IDEEA consists of a data
recorder worn on the waist with 5 individual sensors attached
to the chest, thighs, and under each foot connected by wires
to allow measurement of postures and energy expenditure,
and it only has a battery life of 60 hours. Both of these factors
limit the IDEEAs utility in the measurement of HPA in young
children.

3.4. Level of Evidence. A summary of the quality of evidence
for criterion validity is provided in Table 3. Two studies assess
the Minimod in children with CP and TDC in samples which
include children under the age of six. Both studies were
rated “good” for study design and “excellent” for statistical
method. They provided “good” evidence of the ability of the
Minimod to accurately measure continuous walking. One of
these studies [23] also used free-living type activities, and
the Minimod displayed “poor” accuracy and precision in this
setting. The AMP was assessed in one study of “good” study
design quality which used an “excellent” statistical method,
though displayed “poor” accuracy and precision in both
continuous walking and free-living type activities.

Four studies assess the StepWatch in samples which
included children under the age of six. Reporting of study
protocol and statistical method was “poor” in three of

these studies. The fourth study was of “good” quality and
used an “excellent” statistical method. It provided “good”
evidence of the ability of the StepWatch to accurately
measure continuous walking in TDC. The ability of the
StepWatch to accurately measure free-living activities cannot
be determined based on this study. The ability of the IDEEA
to measure EE was assessed in one study of “good” study
design quality which used an “excellent” statistical method;
however the IDEEA displayed “poor” accuracy and precision
in both free-living type activities and continuous walking
trials.

4. Discussion

This paper has systematically reviewed the clinimetric
properties (validity, reliability, and clinical utility) of four
measures of HPA in children with a motor disability which
included children aged less than six years. A precise and
accurate measurement of the daily physical activity levels in
this population will allow researchers to investigate the dose-
response relationship between HPA and health outcomes. It
will also allow the assessment of the efficacy of interventions
aimed at increasing HPA in terms of establishing the dose and
distribution of treatment necessary to achieve worthwhile
results in the long term. For clinicians, an accessible, precise,
and accurate measurement tool would allow the identifica-
tion of children with low levels of HPA and in turn the
assessment of the effectiveness of prescribed interventions.

Promising measures of HPA have been assessed in young
children with motor disabilities, and the methodological
quality of the papers was good to poor for study design
and excellent to poor for statistical methods. A limitation
of the findings of this paper is that only two studies
of overall “good” methodological quality assessed children
while undertaking free-living type activities. Under these
conditions, both activity monitors displayed poor accuracy
and precision [23, 26]. Two activity monitors displayed
“good” accuracy during continuous walking [23, 28]. This
relates more to the ICF definition of walking “capacity”
rather than habitual walking activity (i.e., how many steps
does a child need to walk a set distance in an ideal envi-
ronment compared to how many steps do they take during
the day in a variety of settings and intensities). Another
limitation is that studies included in this paper assessed
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children across a wide age range (4–18 years), with no studies
of children with motor disabilities exclusively focusing on the
under six-year age group which limits this review’s ability
to make specific recommendations for this age group. The
proportion of children aged less than six in the study samples
ranged from 5 to 43% for the studies which provided a
breakdown of their sample [22, 23, 26, 27]. The use of
the COSMIN checklist for the assessment of methodological
quality together with quality rating criteria of measurement
properties is also a possible limitation. The COSMIN check-
list was developed for assessing HR-PROs and does not have
established psychometric properties in assessing objective
physical activity measurement tools, and the quality rating
criteria were not developed based on consensus. This issue
was minimised by being guided by a systematic review of
activity monitors in TDC for the assessment of the somewhat
ambiguous “flaws in design or methods” item used in the
COSMIN (Box H, item 5) [19] and by providing an in-depth
appraisal of the statistical methods.

The current Australian physical activity guidelines rec-
ommend children aged from 1 to 5 years engage in active
play for at least three hours per day without specific intensity
recommendations [2]. This recognises the sporadic and
intermittent nature of young children’s activity patterns and
places demands on the measurement tools used to assess
HPA in this population. Firstly they have to be able to
record activity as a measure of time, and secondly they
need to accurately recognise “active play” behaviours. The
accelerometer-based pedometers StepWatch and Minimod
have the ability to collect the most complete information
on habitual walking activity as they record steps within an
epoch of time which can be downloaded onto a computer
to visualise an activity pattern. They allow the assessment
of intensity (e.g., steps/min), frequency (e.g., number of
walking bouts), and duration (e.g., length of walking bouts).
The validation protocols of the included studies primarily
used structured walking activities which may not accurately
represent the way young children move in active play, and
therefore it cannot be assumed activity monitors that do well
in continuous walking trials would have done equally well
had the children’s steps been counted during free-living play.
This was demonstrated in the assessment of the Minimod
by Kuo et al. [23]. In typically developing children, activity
monitors are usually validated by direct observation of free
play to circumvent this issue, and validation studies typically
use a narrower age range to control for differences in motor
skills [36, 37].

Children with a motor disability may not be able to walk
but instead use a range of other methods of ambulation
such as crawling, cruising, rolling, bottom shuffling, walking
aids, or wheelchairs. Those who are able to walk may have
different gait patterns than typically developing children
[14]. This could explain why the accelerometer Minimod,
which relies on recognising gait patterns to count steps,
had a lower rate of activity detection in children with CP
(19–97%) than in typically developing children (84–100%)
[23]. Other measurement tools such as accelerometers, which
report raw activity counts per epoch of time, bypass this
limitation but are yet to be validated in young children with

a motor disability. A systematic review of measures of HPA
in TDC preschoolers identified the ActiGraph (Shalimar, FL,
USA) accelerometer as having the best clinimetric properties
in this population. Similarly, the systematic review of HPA
measurements in adolescents with CP by Clanchy et al. [16]
identified accelerometers as the most comprehensive mea-
sure of HPA patterns despite the limited evidence available,
and the ActiGraph has since been validated in adolescents
with CP [38, 39]. Studies of doubly labelled water [40, 41],
the Compendium for Physical Activity Questionnaires [3]
and ActiGraph in infants at risk of neurodevelopmental delay
[42], did not meet inclusion criteria as their clinimetric
properties for the measurement of HPA in children with
motor disabilities aged less than six years had not been
assessed.

5. Conclusion

This systematic review identified four measures of HPA
with evidence of clinimetric properties in study samples
which included children aged less than six with motor
disabilities. Only a very small number of studies assessing
activity monitors in this population are available, and none
of the studies focus exclusively on children aged less than
six years. The pedometers StepWatch and Minimod are the
most comprehensive measures of habitual walking activity
utilised in the current literature. While both demonstrate
good accuracy for step count during continuous walking,
only the Minimod has been tested during conditions which
included walking trials other than continuous walking,
and it performed poorly during these conditions. It is
possible the ankle placement of the StepWatch would allow
a more accurate assessment of free-living walking activities
in children with motor disabilities but this is yet to be
demonstrated. Pedometers are only suitable as an estimate of
HPA for children with high functional capacity as children’s
HPA patterns are likely to consist of a progressively smaller
proportion of walking as the severity of their impairment
increases. In the most severely impaired children walking
activity is completely nonexistent. Further research is needed
to ascertain the clinimetric properties of activity monitors
available for measuring HPA in young children with motor
disabilities, and testing protocols should include a range of
activities and ideally direct observation of free play. This will
enable an understanding of the HPA patterns of children
with motor disabilities across the spectrum of functional
capacity for clinicians and researchers alike.
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The objective of this study was to examine the association between leisure participation and quality of life (QoL) in school-
age children with cerebral palsy (CP). Leisure participation was assessed using the Children’s Assessment of Participation and
Enjoyment (CAPE) and QoL using the Pediatric Quality of Life Inventory (PedsQL). Pearson correlation coefficients were
calculated to examine the association between CAPE and PedsQL scores, and a multiple linear regression model was used to
estimate QoL predictors. Sixty-three children (mean age 9.7 ± 2.1 years; 39 male) in GMFCS levels I–V were included. Intensity
of participation in active-physical activities was significantly correlated with both physical (r = 0.34, P = 0.007) and psychosocial
well-being (r = 0.31, P = 0.01). Intensity and diversity of participation in skill-based activities were negatively correlated with
physical well-being (r = −0.39, P = 0.001, and r = −0.41, P = 0.001, resp.). Diversity and intensity of participation accounted for
32% (P = 0.002) of the variance for physical well-being and 48% (P < 0.001) when age and gross motor functioning were added.
Meaningful and adapted leisure activities appropriate to the child’s skills and preferences may foster QoL.

1. Introduction

Cerebral palsy (CP) is a broad term that describes a set
of conditions that is associated with major physical im-
pairments and other developmental deficits and arises in
the early stages of brain development [1]. CP is the most
common type of physical disability affecting children in
developed countries [2] with an estimated prevalence of 2.0
to 2.5/1000 children [3]. Despite the nonprogressive nature
of the condition, the nature of functional impairments may
change as the child develops. As a consequence, evolving
limitations in everyday activities may be experienced, with
possible impact on the individual’s overall health and well-
being [4, 5]. The type and distribution of movement disorder
in CP may be categorized as spastic, dyskinetic, hypotonic,

or mixed. Spastic patterns are the most common and may be
further differentiated as diplegia, quadriplegia, hemiplegia,
or monoplegia, relating to the limbs involved [6, 7].

Individuals with CP have been an important target
population requiring rehabilitation services. The traditional
focus of health care services for this population has been
primarily directed at rehabilitation interventions that address
the underlying motor and other developmental impair-
ments, such as abnormal muscle tone, decreased attention
span, poor dexterity, or difficulties with perceptual concepts,
as well as limitations in essential daily self-care skills and
mobility. In the last decade, however, increasing interest has
been attributed to the quality of life (QoL) and partici-
pation of children with CP. Researchers and clinicians are
concerned with the extent to which children with CP have
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the opportunity to be involved and enjoy leisure activities at
home and in the community and the extent to which they
report a good QoL [8, 9].

QoL is a broad concept encompassing many components
of overall health and well-being (e.g., physical, psychosocial,
economic, and cultural). It is influenced by the context of
the culture and value systems in which the individual lives
and relates to the individual’s goals, expectations, standards,
and concerns [10]. The QoL of children who live with a
neurological condition can be impacted at different levels,
including physical (e.g., physical health, independence in
basic functional activities), psychological (e.g., mental status,
positive self-perception), and psychosocial dimensions (e.g.,
forming friendships, leisure time, finding a partner) [11].
Identifying the factors that are associated with better or
poorer QoL is important [12] as this can be used to guide
program planning and the allocation of resources, thus
optimizing the well-being of these children.

Studies have shown that individuals with disabilities
do not necessarily have a lower QoL and a diminished
perception of their well-being or general dissatisfaction with
life [13, 14]. Recent studies are exploring a variety of factors
that may contribute to a good QoL in children with neu-
rodevelopmental disabilities; however, most studies explore
aspects related to body function and activity limitations.

Participation in leisure activities includes participation
in sports, arts, entertainment, social, self-improvement, and
religious activities [15]. Engaging in leisure activities may
be influenced by the child’s personal factors, environmental
factors, and underlying health condition [15]. By participat-
ing in leisure activities, children may develop competencies,
achieve mental and physical health, gain an understanding
of their strengths and abilities, and form lasting meaningful
friendships and relationships. It is through participating that
children make contributions to their community, learn about
themselves and the expectations of society, and develop
skills needed to become successful and autonomous in
their home, school, and community [16, 17]. For these
reasons, participation is increasingly considered as one of the
primary aims of pediatric rehabilitation and is believed to
contribute to child health, development, and QoL [16, 18].
Researchers have shown that multiple factors may contribute
to a perceived good QoL in children with physical disabilities
[17], including the child’s participation in a variety of leisure
activities [19].

Participation in leisure is an objective, tangible outcome
that can be incorporated and measured in rehabilitation
and health programs, while QoL is a subjective outcome
[20]. Although frequently assumed, the association between
leisure participation and QoL has not been clearly delineated
[21]. The objective of this study was to examine the
association between involvement in leisure activities and
QoL in children between 6 to 12 years of age with CP.

2. Methods

2.1. Population. This study used a cross-sectional design
involving a historical cohort of children with CP seen by
a single neurologist over a 10-year period (1991–2001) in

a variety of settings (private office, hospital, neonatal clinic,
suburban private clinic). This sample has been described
previously [22–25]. This sample is representative of children
with CP from a local community who are routinely sent to
a pediatric neurologist for diagnosis, etiological determina-
tion, and referral for rehabilitation services. Exclusion crite-
ria were children presenting progressive disorders, disorders
of noncerebral origin, and specific syndromes. Parents who
could not easily read or converse in English or French were
excluded from participation.

A total of 63 children and their parents completed
the leisure participation and QoL questionnaires. Twenty-
one participants who could not actively participate in
the completion of the leisure participation questionnaire
were excluded. Those participants were children with more
severe cognitive impairment and therefore who could not
actively contribute to the completion of these self-report
questionnaires. These children were more likely to be level
IV or V GMFCS. Demographic and clinical characteristics
of the participants and also of the children who could not
complete the questionnaires (nonparticipants) are described
in Table 1.

2.2. Procedures. Scientific and ethical approval was obtained
through the McGill University Health Centre, Montreal
Children’s Hospital’s institutional review board. Information
letters describing the study were sent to parents of children
with a diagnosis of CP between the ages of 6 and 12 years.
Informed signed consent was obtained from a parent, and
assent was obtained from children when feasible. A 3-hour
visit was scheduled at the Montreal Children’s Hospital
to conduct required assessments. Participants completed
a series of developmental evaluations administered by a
neurologist and a physical therapist and/or occupational
therapist. As part of this study, the neurologist assessed the
level of gross motor function for each participant using the 5-
level Gross Motor Function Classification System (GMFCS)
[26]. The Gross Motor Function Measure (GMFM-66) [27]
was administered by a physical or occupational therapist
during the visit. Parents (and children when feasible)
completed questionnaires assessing leisure participation and
QoL and also completed a demographic questionnaire.

2.3. Outcome Measures. The Pediatric Quality of Life Inven-
tory (PedsQL) Generic Core Scales [28] were used to assess
quality of life in the physical, emotional, social, and school
domains. This questionnaire includes 23 items, and the
parent proxy-report version was used in this study. The
child-report version was also used when feasible, but, due
to smaller numbers, the parent report was used for analysis
in this paper due to the small sample of children who were
able to complete the child version independently. Individual
domain scores were calculated, as well as psychosocial
and physical summary scores. The psychosocial well-being
summary score represents the way the child feels about their
social life, their school functioning, and their emotional
well-being. The physical summary score represents the ease
in which one can get around and do basic activities,
without pain while maintaining a good energy level. Internal
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Table 1: Characteristics of participants.

N = 63 Study participants (n = 63) Nonparticipants (n = 21)

Mean age 9.7± 2.1 years 8.69± 1.9 years

Gender 62% male 52% male

Gross Motor Function
Classification System
(GMFCS)

Level I 59% 10%

Level II 22% —

Level III–V 18% 90%

CP distribution

Spastic quadriplegia 24% 61%

Spastic hemiplegia 35% 9.5%

Spastic diplegia 24% 9.5%

Other 17% 4.8%

School setting
Regular school 56% 24%

Special school 44% 76%

Rehabilitation services
Received rehabilitation services in the
past 6 months

84% 100%

Socioeconomic status
(combined household
income before taxes)

0–$19,000 12% 13%

$20,000–$39,000 27% 27%

$40,000–$59,000 21% 20%

$60,000–$79,000 14% 27%

$80,000+ 26% 13%

consistency reliability of the PedsQL is excellent (alphas >
0.90). The validity of the PedsQL Generic Core Scales has
been demonstrated through known groups comparisons and
correlations with other measures of disease burden [28].

The Children’s Assessment of Participation and Enjoy-
ment (CAPE) [29] was used to assess participation in
leisure activities. This 55-item child self-report questionnaire
was designed for children and youth with and without
disabilities between the ages of 6 and 21 years. It provides
information on five dimensions of participation (diversity,
intensity, where, with whom, and enjoyment) and five types
of activities (recreational, active-physical, social, skill-based,
and self-improvement). Current evidence supports the tool’s
validity, and reliability is adequate [30]. Parental assistance
was sought when children had difficulty completing this
questionnaire; however, children actively contributed in the
completion of the CAPE. For the purposes of this study,
intensity (how often does the child participate in each
activity) and diversity (how many different activities a child
engages in) scores in the five different activity types were
used.

2.4. Data Analysis. Descriptive statistics were used to
describe the sample. Participants (children with CP) who
could not actively participate in completion of the CAPE
were excluded from analysis. Pearson correlation coefficients
were computed to examine the association between leisure
participation (CAPE) and QoL (PedsQL). A multiple linear
regression model was estimated with QoL (psychosocial and
physical summary scores) as the dependent variable and
leisure participation as the independent variable. Models
were also derived including age and level of motor function
using GMFM scores.

Diagnostic tests were used to check for violation of the
assumptions inherent in linear regression models. Due to
the lack of evidence on specific leisure domains that may
predict QoL, forced entry regression was used to determine
the significant predictors of psychosocial and physical QoL.
This method is likely not influenced by random variation in
the data and is therefore appropriate for using theory testing
[31].

3. Results

When reporting their child’s QoL, about half of the parents
reported that their child had low well-being (more than
one standard deviation below normative means) in the
physical and psychosocial well-being domains. Well-being in
emotional functioning and school functioning was within
normative means for about 60% of the children as reported
by their parents (Table 2). Children participated in a
variety of leisure activities, but mostly in informal activities.
Intensity scores measure how often the child has engaged in a
given activity in the past four months (ranging from once in
the past four months to everyday or more). The intensity of
recreational activities (e.g., doing crafts) was higher than the
other four activity domains, followed by social activities (e.g.,
talking on the phone) and self-improvement activities (e.g.,
reading) (Table 3). A detailed description of participation
in leisure activities and QoL for this population has been
published elsewhere [22–24].

The relationship between involvement in leisure activities
(i.e., diversity and intensity of participation in activities) and
parent-proxy report of child’s QoL was tested. Intensity of
participation, but not diversity, in active-physical activities
such as team sports, bicycling, water and snow sports,
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Table 2: Performance on PedsQL domains.

PedsQL parent-report N = 63 Score per domain mean (range) Abnormal mean score (<1 SD from normative data)

Emotional functioning 68.5 (40–100) 39.7%

Social functioning 58.3 (25–100) 50.8%

School functioning 62.9 (25–100) 39.7%

Physical functioning 62.1 (12.5–100) 50.8%

Physical summary score 62.1 (12.5–100) 50.8%

Psychosocial summary score 63.2 (35–100) 55.6%

Table 3: Mean scores of domains of participation in leisure activities as assessed by the CAPE.

Domain of participation N = 63 Diversity mean (range) Frequency mean (range) Enjoyment mean (range)

Recreational activities 9.34 (5–12) 4.10 (1.6–6) 4.28 (2.9–5.1)

Active physical activities 3.03 (0–7) 1.68 (0–4.33) 4.49 (2.6–5.3)

Social activities 6.87 (4–9) 3.12 (1.5–4.7) 4.37 (2.7–5.3)

Skill-based activities 2.8 (0–6) 1.45 (0–3.8) 4.12 (1–5)

Self-improvement activities 5.58 (1–9) 2.82 (0.6–5.6) 3.5 (1.5–5)

Formal activities 3.87 (0–9) 1.28 (0–3) 4.06 (0–5)

Informal activities 23.77 (13–31) 3.3 (1.8–4.8) 4.16 (3–5)

Scoring: Diversity (number of different activities) = number of activities involved in compared to total number of activities. Intensity (how often) = (1) 1x/4
months, (2) 2x/4 months, (3) 1x/month, (4) 2-3x/month, (5) f1x/week, (6) 2-3x/week, (7) daily. Enjoyment (how much do you enjoy) = (1) not at all, (2)
somewhat, sort of, (3) pretty much, (4) very much, (5) love it.

and other individual physical activities was significantly
correlated with physical well-being (r = 0.34, P = 0.007).
Intensity and diversity of involvement in skill-based activ-
ities, that is, of activities such as dancing, arts, and music
classes done with an instructor, were negatively correlated
with physical well-being (r = −0.39, P = 0.001 for intensity
and r = −0.41, P = 0.001 for diversity, resp.). Intensity
of participation in active-physical activities also accounted
for better psychosocial well-being (r = 0.31, P = 0.01) of
children with CP.

In a multiple regression model, diversity and intensity
of participation in five domains of leisure accounted for
32% (P = 0.002) of the variation in physical well-being.
However, when age and gross motor functioning (GMFM
score) were included in the model, this value increased to
48% (P < 0.001) of the variance in the physical well-being
domain (Table 4). None of the multiple regression models
was significant for psychosocial well-being.

4. Discussion

This study describes the association between participation in
leisure activities and QoL in school-aged children with CP.
Results indicate a positive association between engagement
in physical activities and both physical and psychosocial
well-being. These findings suggest that school-aged children
with CP who participate more actively in physical activities
get around more easily to do basic activities, without pain
and with a good energy level, and feel better about their
social life, school functioning, and their emotions, according
to parent-report. Inversely, it is possible that children who
generally feel better in these domains naturally participate
more in active physical activities. Skill-based activities and

physical well-being were negatively related, suggesting that
other factors may play a role in this relationship. For instance,
motor functioning alone accounted for a high variance in the
outcome variable in the multivariate model. Indeed, child
attributes such as the severity of motor dysfunction, age, and
gender were previously described as important predictors of
physical well-being, a component of a child’s QoL [22, 32,
33]. Studies have shown that, with increasing age, children
tend to decrease their participation in out of school leisure
activities [17]; therefore, it is important to motivate them to
maintain and increase their activity level as they develop.

Other personal and environmental factors may mediate
the association between leisure participation and QoL.
For instance, children and families who do not have the
environmental supports and adaptations they require may
not be able to participate in leisure activities of their own
choosing, which is related to the child’s QoL. Furthermore,
children with more severe motor limitations often attend
segregated school environments where they are exposed
to more intense rehabilitation services and adapted leisure
activities as compared to children in an integrated school
setting. Children in special schools may have the opportunity
to participate in activities such as adapted horseback riding,
adapted arts, and swimming programs. Half of the parents
of school-aged children with CP in our study reported their
children as having poorer physical well-being (<1 SD of the
normative mean) compared to parents of typically develop-
ing peers. This finding is probably related to their motor
limitations, which may also explain our result that higher
levels of participation in skill-based activities were associated
with lower physical well-being. Skill-based activities (e.g.,
dance lessons, karate lessons) may be challenging for children
with disabilities, especially if the demands of the particular
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Table 4: Best predictive models of physical well-being (PedsQL).

Model variables (N = 60) R2 (P) Best predictors beta (P value)

Diversity of leisure activities (all domains) 0.23 (<0.005)
Skill-based activities

−0.49 (<0.001)

Diversity and intensity of leisure activities, age, and motor functioning 0.48 (<0.001)
GMFM-66

0.61 (<0.001)

task are not adapted to the child’s capabilities. Families
should be assisted in choosing appropriate and meaningful
activities and learning about available adapted sports and
recreation programs in their community to foster a sense
of mastery and competence. In this regard, it is interesting
to observe that children in adapted or segregated schools
may have more opportunities to participate in skill-based
activities as adapted skill-based activities may be provided by
the school or referred to by professionals in the school, in
spite of their higher motor limitations.

Physical activity has substantial benefits to the health
and well-being of children and adolescents. Active-physical
pursuits are known to improve cardiovascular and emotional
health, motivating children to stay physically active and
contributing to a sense of well-being [34, 35]. Participation
in leisure activities also fosters friendships and other social
relationships, often creating a social support network that
may contribute to the individual’s overall well-being [19].
In congruence with the findings of our study, a recent
study with 120 school-aged children with CP using differ-
ent measurement tools reported a significant relationship
between the intensity of participation in leisure activities
with physical well-being, emotional well-being, and social
support and peers [32]. This particular study measured
leisure participation more globally; however, we applied a
measure with five subscales of different types of leisure
activities. Our study indicates that it is the active-physical
leisure activities specifically that are most strongly related to
aspects of QoL.

Associations between emotional and psychosocial well-
being and participation in leisure have also been reported
when children engage in everyday activities or social activities
[32, 36]. Qualitative studies have shown how children and
adolescents with disabilities place a high value on partici-
pating in leisure activities. Youth with CP and their parents
reported that participation in chosen and enjoyable activities
has a positive impact on their well-being [37–42]. A recent
analysis of the association between leisure participation and
QoL [19] in children with neurodevelopmental disabilities
found evidence from quantitative, qualitative, and mixed-
methods studies supporting the relationship between partic-
ipation in leisure and different domains of QoL [32, 33, 35–
38]. Similarly to our study, others have found a positive
association between engagement in active physical activities
and physical well-being in children and youth with CP [32,
35, 43]. However, the measurement of both constructs (QoL
and participation) is very variable across studies, limiting
interpretability for clinical practice. Our study, however, is
the first to report on the relationship between psychosocial

and physical domains of QoL, specifically with respect to
leisure participation in school-age children with CP.

5. Limitations

Measurement issues should be taken into consideration
when analyzing findings of this study. The CAPE measures
the activities that the child actually does (i.e., performance),
which may or may not be in line with their preferences
or personal choices. A strong linear relationship between
CAPE diversity and intensity scores may account for a limited
capacity of the model to represent the sample and limit the
size of regression coefficients in the regression models. A
moderate correlation between levels of actual involvement
in active-physical pursuits with the level of preferences
for these types of activities was previously shown [25],
implying that children may be participating in activities that
they do not necessarily enjoy. Programs and interventions
should consider the preferences of children and families
in order to individually tailor the level of engagement in
activities to their preferences (i.e., through adapted programs
or those that have no environmental barriers) and thus
foster better overall well-being. Parental report was used
for the QoL measure in this study. Interrater reliability
between parental and child report of QoL was previously
described for this sample and shown to be very good for
the physical domain (ICC = 0.72, P < 0.0001), but less for
the psychosocial aspect of QoL (ICC = 0.54, P < 0.0001)
[24]. Unfortunately, 21 children were either too young or had
cognitive and/or language deficits that limited their ability
to self-report. Whereas the CAPE can be completed with
the help of an interviewer and uses pictorial and verbal
depiction of the items, the self-report version of the PedsQL
requires more ability to be completed. Therefore, we chose
to use the PedsQL parent-report version in the analysis.
This is a frequently reported challenge in measurement of
subjective constructs in children with complex disabilities.
Children may place a higher value than their parents on
engagement in leisure activities, and an association between
the child’s self-report leisure participation and their QoL may
be stronger than findings using parental report. The fact that
only children who could self-report were considered in this
study clearly indicates a need to explore other measurement
alternatives for children with more severe impairments in
order to promote QoL for children across all severity levels.
Due to the cross-sectional design of this study, a causal
relationship between leisure participation and QoL cannot
be inferred. For instance, children who participate in more
leisure activities may experience better QoL than children
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who participate in fewer or less frequent activities. The
opposite may also be true, such that children who experience
a higher sense of physical and psychosocial well-being may
engage in more leisure activities.

6. Conclusion

Our findings indicate that leisure participation in active-
physical activities is positively associated with both physical
and psychosocial well-being in school-aged children with
CP. Meaningful and adapted leisure activities appropriate to
the child’s skills and preferences may foster QoL. Further
studies are needed to explore the temporal and possible
causal connections between these aspects of children’s lives.
QoL and participation are important complex, multidimen-
sional conceptual constructs that encompass many subjective
aspects, including individual preferences, the influence of
environmental factors, but also objective aspects such as
the availability, accessibility, and affordability of preferred
activities, the school setting, and the family’s involvement
in specific activities. Assessment of both constructs and
interventions aiming to improve the QoL of children with
CP should include the promotion of meaningful and adapted
leisure activities appropriate to the child’s skills and prefer-
ences, especially active-physical activities.
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Objective. To determine the feasibility of physical activity monitoring in adolescents with cerebral palsy (CP). Methods. A
convenience sample of ambulatory and non-ambulatory adolescents (N = 23; 17 males, 6 females; mean age 13.5 y, SD 2.6 y;
Gross Motor Function Classification System (GMFCS) distribution: n = 9 Level I, n = 5 Level II, n = 5 Level III, n = 4 Level IV)
was recruited. Physical activity (PA) was objectively assessed using the ActiGraph GT1M activity monitor. Discomfort or adverse
effects of wearing the accelerometers were recorded by participants. Levels of physical activity were determined as total PA, light
PA (LPA), moderate PA (MPA), moderate-to-vigorous (MVPA), and vigorous PA (VPA) using cut-points recently validated for
CP. Results. Most participants showed little reluctance. Mean daily MVPA for all participants was 30.7 minutes (SD 30.3), which
corresponded to 2.7 (SD 2.4) minutes of MVPA per hour or 4.5% (SD 3.9) of the total monitoring time. Total PA and MVPA were
greatest in ambulatory youth (GMFCS levels I and II) compared with youth who use a walking aid or wheelchair (GMFCS levels
III and IV) (P < 0.05). Conclusion(s). The results support the use of the accelerometer as a feasible and useful measure of activity
in ambulatory and nonambulatory adolescents with CP.

1. Introduction

Impaired motor function is the hallmark of cerebral palsy
(CP). As a result, children and adolescents with CP are
at particular risk for inactivity and the associated negative
health impacts (e.g., obesity with exacerbated cardiovascular
dysfunction) [1–3]. Not surprisingly, physical activity for
children and adolescents with CP is commonly prescribed
in clinical practice [4]. However, recent intervention studies
have not been able to show a sustained increased activity level
in the home, school, or community settings [5, 6].

We are currently designing the Stay-FIT intervention
study to implement and evaluate a community-delivered
physical activity programme for youth with CP across the
severity spectrum [7]. This intervention study is part of

a translational research programme focusing on physical
activity in individuals with CP (http://www.canchild.ca/en/
ourresearch/stay fit.asp). The Stay-FIT programme will
examine issues of physical activity covering several domains
described by the World Health Organization’s International
Classification of Functioning (ICF) [8], ranging from cardio-
vascular function and structure [9] to performance in phys-
ical activity. This programme reflects the recent paradigm
shift in therapy for youth with CP by using physical activity
as both the focus of intervention and the primary outcome.

In order to design these future interventions, an accept-
able outcome measure for physical activity is needed.
Accelerometer-based activity monitoring provides an excel-
lent measure of daily physical activity as it can be used to
measure the amount, intensity, and pattern of both activity
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and sedentary behavior [10–13]. In 2010, Capio et al. pub-
lished a validation study on the use of a uniaxial accelerome-
ter (MTI) to monitor activity in 31 ambulatory children with
CP, Gross Motor Function Classification System (GMFCS)
levels I-III [11]. Although this study did not examine the
feasibility of an accelerometer systematically, the authors
reported that the participants did not manifest any indi-
cations of intolerance with the device. The accelerometer
was able to capture raw activity volume in unstructured free
play and in six structured activities of increasing intensities
including sitting, walking, and jogging. The validity of this
device as a measure of PA volume was confirmed by its
linear association with measured heart rate and observed
PA. GMFCS levels, however, explained 0 and less than 1%
of the variance in activity during structured and free play
activities, respectively. It must be noted that the participants’
accelerometer data demonstrated a large degree of variance,
as shown by the high standard deviations. Therefore, the
authors deemed it inappropriate to use regression equations
to predict an activity cut-point for MVPA. In 2011, a study
using the ActiGraph 7164 accelerometer was published by
Clanchy et al. including mainly ambulatory children and
adolescents (mean age 12.6± 2.0 years) classified at GMFCS
level I or II with only a small number of GMFCS III subjects
[12]. This study showed that the ActiGraph 7164 is able to
differentiate between different intensities of walking in chil-
dren and adolescents with CP. The validity of the ActiGraph
accelerometer as a measure of PA was confirmed by using
directly measured oxygen uptake as a criterion measure.
Unfortunately the data did not provide sufficient power to
perform meaningful subgroup analyses by GMFCS level. Van
den Berg-Emons et al. reported in 2011 on the physical
activity measurement in adults with various diagnoses [10].
In this study a small number of nonambulatory adults with
CP were included (n = 4) with limited wear time of 2
consecutive days (48 hours). The authors were able to show
that activity volume and intensity could be measured in
nonambulatory adults with CP during various activities
including wheelchair driving. To our knowledge, there have
been no studies to date that have evaluated the psychometric
properties of accelerometer-based assessments of habitual
physical activity in non-ambulant adolescents with CP
(GMFCS level IV and V) [13].

Despite the growing interest in physical activity and the
use of accelerometers in the CP population, there remains
a gap in our knowledge on assessment of habitual physical
activity at home, at school, and in the community in
adolescents with CP, particularly for those with more severe
functional limitations [11–13]. In this paper we present the
results of the Stay-FIT pilot study that was developed to test
the feasibility of accelerometry for use in ambulatory and
nonambulatory adolescents with CP.

2. Materials and Methods

2.1. Participants. Adolescents were recruited through re-
gional spasticity and teenager-transition clinics of a univer-
sity medical center. Participants met the following inclusion

criteria: (1) age between 10 and 20 years; (2) a definite diag-
nosis of CP; (3) a GMFCS level I, II, III, or IV. Between Octo-
ber 2009 and January 2011, 31 children and adolescents with
CP were identified and agreed to be contacted with respect
to study participation. Of these 31, four candidates opted
not to participate, three candidates agreed to participate
but later withdrew from the study, and one participant was
diagnosed with an acquired brain injury and was subse-
quently excluded. As a result, 23 children and adolescents
(17 males, 6 females; mean age 13.5 y, SD 2.6 y) completed
the study, of which nine were classified at GMFCS level I, five
level II, five level III, and four level IV. For classification of
severity we used the GMFCS Expanded and Revised version
(GMFCS-ER) that has excellent interrater reliability for use
in adolescents (12–18 years) [14]. All parents/guardians and
participants provided written consent/assent to participate
in this study approved by the Faculty of Health Sciences/
Hamilton Health Sciences Research Ethics Board, Hamilton,
Canada.

2.2. Assessment of Physical Activity. Habitual physical activity
was objectively assessed using the ActiGraph GT1M activity
monitor. This device was chosen for the purposes of this
study for its ability to measure activity over a relatively
prolonged period while remaining unobtrusive. The Acti-
Graph GT1M accelerometer weighs 27 g with dimensions
of 3.8 × 3.7 × 1.8 cm (i.e., about the size of a matchbox)
and measures and records acceleration in the vertical plane
ranging from ∼0.05 to 2 G in magnitude. The acceleration is
sampled and digitized by a 12-bit analog-to-digital converter
at a rate of 30 Hz. This signal is passed through a digital
filter that eliminates nonhuman motion and then stored
in user-defined intervals (i.e., epochs). Given the brief,
intermittent, and spontaneous nature of activity reported in
youth, physical activity was recorded in 3-second recording
intervals or epochs [15].

2.3. Procedure. Participants were instructed to wear the
accelerometer over the right hip during all waking hours for
seven consecutive days, except when engaging in water activ-
ities so as not to damage the equipment. A seven-day period
was selected to ensure that measured activity was represen-
tative of habitual levels of physical activity [16]. A log book
was kept with the intent of tracking all times (and reasons)
the device was removed and replaced. Figure 1 shows an
example of a logbook and accelerometer output for a typical
monitoring day for one participant. Upon completion of the
seven days, log books and accelerometers were obtained from
the participants and downloaded for further analysis. The
research coordinator discussed any difficulties encountered
and concerns that may have arisen with the participant and
their parents/guardian.

2.4. Physical Activity Analysis. Accelerometer data were visu-
ally inspected to ensure that information recorded in the
log book corresponded with the accelerometer output. Any
activity recorded during periods of nonwear time, as indi-
cated by the participant in the log book, was deleted.
Observations of consecutive epochs of “0” counts were
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Figure 1: An example of a typical monitoring day for one participant with CP (female, 11 years of age, GMFCS level I). The table is a sample
from the participant’s log book in which they were asked to record the times the device was put on and taken off for each of the monitoring
days. The figure to the right represents the accelerometer output for the corresponding day. No activity was recorded by the device from 7:05
to approximately 7:56 pm, which corresponds to the time the participants indicated they removed the device.

considered sedentary time unless otherwise stated in the log
book. Only participants with ≥5 hours of monitoring time
on ≥4 days were included in the analyses. These criteria
were selected to maximize participant inclusion and were
based on the minimal allowable time previously used to
estimate habitual physical activity [16, 17]. The data were
then uploaded to a Microsoft Excel-based Visual Basic data
reduction program to determine total monitoring time and
total activity. The program also distinguished light physical
activity (LPA), moderate physical activity (MPA), moderate-
to-vigorous activity (MVPA), and vigorous physical activity
(VPA). Activity intensity was examined using the cut-points
developed by Clanchy et al. and Evenson et al., which were
recently validated for use in children and adolescents with
CP [12, 18].

2.5. Descriptive Statistics. Levels of physical activity (total,
LPA, MPA, VPA, and MVPA) between the four GMFCS
levels were compared using one-way analysis of variance
(ANOVA) in STATISTICA (StatSoft, Tulsa, Okla., USA).
Analyses of covariance (ANCOVA) were also performed
with chronological age as the covariate so as to account
for the distribution in age among participants. Tukey’s
honestly significant post hoc tests were performed when
necessary. Given the small number of participants in each
of the GMFCS levels, Kendall’s Tau was used to assess
the relationship between MVPA and GMFCS level in SPSS
(Version 17.0, Chicago, Ill., USA). Descriptive statistics were
used to calculate the proportion of participants meeting the
Canadian physical activity guideline recommendations for

youth (≥60 min MVPA per day). Statistical significance for
all analyses was set at P ≤ 0.05.

3. Results

3.1. Feasibility. We found that refusal to participate was
most often based upon the lack of parental enthusiasm and
the youth’s perception that they might look “different” in
various social settings. No participants reported discomfort
or adverse effects of wearing the accelerometer throughout
the duration of the study. One participant exposed the device
to water on day 5 of wear, which resulted in highly erratic
data. Therefore, that participant’s data from only days 1 to 4
were included in the analyses.

3.2. Physical Activity Levels. None of the participants were
excluded on the basis of failure to wear the accelerometer
for the minimum required period (≥5 hours on ≥4 days).
On average, the device was worn for 6 of the 7 required
monitoring days, with the monitoring period ranging from
540.5 to 859.2 minutes per day (mean± SD: 707.7 ±
81.2 min). On a daily basis, our participants engaged in
(mean± SD) 89.5 ± 47.1 min of LPA, 17.8 ± 16.9 min of
MPA, 12.0 ± 14.4 min of VPA, and 30.7 ± 30.3 min of
MVPA. To account for differences in wear time, data were
also examined as minutes of activity per hour of monitoring
time (Table 1). Both ANOVA and ANCOVA suggested that
youth classified at GMFCS level IV presented with lower
levels of LPA, MPA, and MVPA compared with level I (P <
0.05). Similarly, youth at level III demonstrated lower levels
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Table 1: Minutes of activity per hour and per day of monitoring time.

GMFCS

Level I Level II Level III Level IV Total

(n = 9) (n = 5) (n = 5) (n = 4) (n = 23)

LPA min/day 121.5 (38.7) 95.7 (43.7) 66.7 (33.5) 32.1 (18.2)∗ 88.4 (47.8)

min/hr 10.2 (3.4) 8.2 (3.6) 5.6 (2.3) 1.6 (1.2)∗† 7.3 (4.2)

MPA min/day 33.0 (15.6) 16.4 (12.5) 6.0 (5.7)∗ 2.7 (3.7)∗ 18.2 (17.1)

min/hr 2.7 (1.2) 1.4 (1.0) 0.5 (0.4)∗ 0.2 (0.3)∗ 1.5 (1.4)

MVPA min/day 56.0 (28.4) 26.6 (24.7) 9.3 (10.4)∗ 5.8 (8.0)∗ 30.7 (30.3)

min/hr 4.5 (2.1) 2.2 (2.1) 1.5 (1.5)∗ 0.5 (0.7)∗ 2.6 (2.4)

Data are presented as mean (SD). ∗indicates significant difference from level I, †indicates significant difference from level II, P < 0.05.
Minutes of activity per hour and per day of monitoring time.
LPA: light physical activity; MPA: moderate physical activity; MVPA: moderate-to-vigorous physical activity; CP: cerebral palsy; GMFCS: Gross Motor
Function Classification System; min: minutes; hr: hour.
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Figure 2: Moderate-to-vigorous activity time in adolescents with
CP by GMFCS level. MVPA: moderate-to-vigorous physical activ-
ity; CP: cerebral palsy; GMFCS: Gross Motor Function Classifica-
tion System; min: minutes.

of MPA and MVPA compared with level I. No differences
were seen between levels I and II for any intensity, nor were
there significant differences between levels II, III, and IV.
A significant negative correlation was seen between MVPA,
in both minutes/day and minutes/hour, and GMFCS levels
(minutes/day: τ = −0.65, minutes/hour: τ = −0.61, P <
0.001, Figure 2).

4. Discussion

This study aimed to assess the ability of accelerometers
to measure the duration, intensity, and timing of physical
activity in the home, community, and at school of ambu-
latory and nonambulatory adolescents with CP. The use
of the accelerometer worn around the waist to measure
habitual physical activity has been shown to be feasible and
unobtrusive to participants, including adolescents classified
as GMFCS level IV. Our results are in line with recently
published data on the ActiGraph in children and teenagers
up to age 16 years with CP, GMFCS level I and II [11, 12]
and add supportive data for its use in adolescents with more

functional limitations (GMFCS level III and IV) and older
adolescents (up to age 20 years).

While our findings are promising, a number of limi-
tations both inherent to the accelerometer and related to
our analysis should be noted. First, our small sample size
may explain the lack of significant findings when comparing
activity by GMFCS level. Moreover, the activity cut-points
selected were based on the work by Clanchy et al. [12],
which was performed only in ambulatory youth with CP.
It is unknown whether these same cut-points are applicable
in nonambulatory adolescents with CP. Our assessment of
activity is further complicated by the use of waist-worn
accelerometer in nonambulatory adolescents. More specifi-
cally, it is impossible to determine whether the use of these
waist-worn accelerometers accurately captured all activity
performed by participants classified as GMFCS levels III and
IV, particularly in those youth who are able to self-propel
their wheelchair. Future work should employ a similar design
to that utilized by Clanchy et al. [12] in which the oxygen cost
of movement is assessed in conjunction with accelerometer
recordings. Finally, it is important to note that the sensitivity
of the accelerometer to water presents a particular challenge
since aquatic exercise seems to be a preferred activity of youth
with CP [19]. Despite this limitation, we believe the ability
of accelerometers to measure the duration, intensity, and
timing of physical activity in the home, community, and at
school outweighs the limitation of missing relatively small
amounts of time in a pool.

With respect to activity monitoring, of the 23 partic-
ipants, none engaged in ≥60 min MVPA per day recom-
mended in the Canadian Physical Activity Guidelines for
youth on a daily basis, 17 (74%) participants did not achieve
60 min MVPA on any monitoring day, and the remaining
6 participants engaged in ≥60 min MVPA on 3–5 days out
of 7. Even in participants at the most functional ability level
(GMFCS level I) we observed a highly sedentary lifestyle.
The minimal amount of active time found in this pilot study
highlights the dire need for intervention studies.

We believe the ActiGraph accelerometer is ready to use as
a measure of habitual physical activity at home, at school,
and in the community in children and adolescents with
CP. The recent validation of cut-points for classification of
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activity levels in this population has provided a great oppor-
tunity to use accelerometers as an outcome measure in highly
needed intervention studies that emphasize the integration
of physical activity and participation into daily lifestyle.

5. Conclusion

This study shows promise for using the Actigraph GT1M
accelerometer as a feasible and meaningful measure in daily
activity in adolescents with CP across GMFCS levels I–IV.
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Children and adolescents who have decreased mobility due to spina bifida may be at increased risk for the components of metabolic
syndrome, including abdominal obesity, insulin resistance, and dyslipidemia due to low physical activity. Like their nondisabled
peers, adolescents with spina bifida that develop metabolic risk factors early in life have set the stage for adult disease. Exercise
interventions can improve metabolic dysfunction in nondisabled youth, but the types of exercise programs that are most effective
and the mechanisms involved are not known. This is especially true in adolescents with spina bifida, who have impaired mobility
and physical function and with whom there have been few well-controlled studies. This paper highlights the current lack of
knowledge about the role of physical activity and the need to develop exercise strategies targeting the reduction of cardiometabolic
risk and improving quality of life in youth with spina bifida.

1. Introduction

Spina bifida (SB) is a congenital abnormality characterized
by the incomplete closure of the spinal column. The
majority (>90%) of cases are classified as meningomyelocele,
in which the spinal cord protrudes through the spinal
column, resulting in nerve damage and physical disabilities
including lower limb paralysis and disrupted bladder or
bowel function. Widespread public advertising and clinical
advocacy campaigns have been used to promote the intake
of adequate dietary folic acid during pregnancy, since this
strategy has been shown to reduce the risk of developing
SB. Nevertheless, the current prevalence of SB in the United
States is estimated to be close to 1 in 1,000 pregnancies [1].
With better surgical treatments and early medical care infant
survival rates rose from 83% in 1979–83 to 91% in 1989–
94 [2]. A larger national survey covering 1995–2001 reported
infant survival rates of 92% [3]. Thus, in the United States

∼25,000 children ages 0–19 years and ∼166,000 total people
are currently affected by SB [4, 5].

As a result of improved surgical treatments and early
medical care, children with SB can expect longer lives today
than in the past [2]. In recent decades spinal repair and
shunting techniques have improved, complications have
declined, and survival rates have increased [1, 2, 6, 7].
Although life span for people with SB has increased, there
remain physical limitations and mobility issues that require
attention. Additionally, a new health challenge that must
be considered is the potential for cardiometabolic disease
risk, which may result from the physical deconditioning
that occurs in people with disabilities [8]. As described
by Rimmer et al. [8] in their recent review, people with
physical disabilities spend less time performing physical
activities than their nondisabled peers. The consequences
of a sedentary lifestyle in all people include physical
deconditioning and increased risk of developing obesity,
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insulin resistance, and cardiovascular disease. People with
disabilities such as SB or spinal cord injury (SCI), especially
those confined to wheelchairs, are prone to develop what
Rimmer et al. [8] termed “disability-associated low energy
expenditure deconditioning syndrome,” in which sedentary
lifestyle creates a vicious cycle of further deconditioning,
disability, and disease risk. This cyclic problem worsens
with advancing age, but strategies such as exercise programs
tailored to meet the specific needs of the individual can be an
effective approach to attenuate or reverse the progression of
functional disability and disease risk. To date, the presence
of cardiometabolic disease risk in people with SB is not
well described. Additionally, there have been only a few
published studies that reported the results of exercise training
programs for children with SB. Those studies, however, have
been small and primarily focused on physical function rather
than cardiometabolic health. In fact, a recent systematic
review concluded that most of the publications on exercise
programs for SB were not of high quality due to small sample
size and poorly defined outcomes [9].

The purpose of this narrative review is to describe the
current scientific literature on cardiometabolic risk in youth
with SB and the potential for structured exercise intervention
programs to improve health and function in that population.
The volume of existing literature in this area is relatively
small and therefore neither a structured systematic review of
the evidence, nor a meta-analysis of the results of multiple
exercise studies was feasible. Thus, our goal is to outline what
is known about the potential cardiometabolic consequences
of SB, to highlight both the strengths and weaknesses of
selected studies, to identify gaps in knowledge, and to
suggest future directions that would produce the type of
evidence that will ultimately guide improved clinical care
and lifestyle recommendations for people with SB. Our
review of the literature covers primarily papers published
with in the past 25 years that could be identified through
PubMed and cross-referencing citations of published papers.
We included some studies with small sample sizes because
so little has been published to date, but excluded individual
case studies. Although the focus of this narrative review is on
SB, we have included selected results obtained from studies
of SCI and childhood obesity because of their relevance
to understanding the potential consequences of physical
disability, deconditioning, and cardiometabolic risk in youth
with SB.

2. Body Composition, Physical Function, and
Cardiometabolic Risk

2.1. Health and Function in Children with SB. Although the
prevalence of diabetes and cardiovascular disease in the SB
population is not known, children and adults with SB may
be at increased risk for metabolic and vascular dysfunction
because of their body composition, physical function, and
clinical blood test results (Table 1). One of the most common
findings has been that body mass index (BMI) and percent
body fat are increased in people with SB relative to people
without SB [10–16]. Although it has been reported that

overweight and obesity prevalence are increased in both
children and adults with SB [10–14, 16], Dosa et al. [15]
found in their study of 203 people that obesity prevalence,
based on BMI, for children 6–19 years old with SB (8–18%)
was similar to current general population values for children
in the United States. However, they found that for adults
>20 years old obesity rates in people with SB (37%) were
higher than in the general population [15]. The sample size
in that study was larger than most others in the SB literature,
but it is unclear if the results are generalizable since, to
our knowledge, there are no large-scale surveys of obesity
prevalence in people with SB. It is important to note, though,
that classifying overweight and obesity in people with SB
according to BMI standards, as it is done in the nondisabled
population, may underestimate the true extent of obesity
in people with SB. Nelson et al. [12] proposed defining
obesity in children affected by SB or SCI as the presence
of abdominal fat measured by dual X-ray absorptiometry
that exceeds 30% of tissue mass in boys or 35% in girls,
respectively. Using this approach they reported that 18 out
of 34 (∼53%) children with SB tested in their center met
the criterion for obesity based on standardized BMI z-score,
but that 25 out of 34 (∼74%) would be classified as obese
based on abdominal fat content. Those results underscore
the fact that BMI does not provide information about the
composition of body mass and can often mask offsetting
changes in the proportions of fat and lean tissue that
occur over time within individuals, or differences that exist
between comparison groups. Furthermore, BMI standards
developed for nondisabled children have not been validated
for children with SB. To do so would require careful control
for the level of ambulation and spinal cord involvement
and might prove difficult because of the wide range of
physical abilities and spinal cord deficits in people with SB.
Adopting a classification system for overweight or obesity
based on body composition, however, is also challenging
in clinical settings since there are several potential methods
(e.g., skinfolds, air displacement plethysmography, under-
water weighing, bioelectrical impedance, dual energy X-
ray absorptiometry, and magnetic resonance imaging) that
require expertise and resources that may not be available
in some centers. Nevertheless, in research settings, assessing
body composition, particularly abdominal fat, should be
included in future assessments of metabolic risk in youth
with SB.

In addition to increased body fatness, children and
young adults with SB typically are reported to have reduced
aerobic fitness and muscular strength [10, 11, 17]. These
deficits in physical capacity are reported in both ambulatory
individuals tested using leg cycling or on a treadmill, and in
nonambulatory individuals tested using arm crank ergome-
try, respectively. The study of Widman et al. [10] was notable
because there were 37 nonambulatory adolescents with SB
who completed assessments of upper body muscle strength
and maximal aerobic capacity testing, and the results were
compared to 34 age-matched control adolescents without SB
who completed the same tests in the same research center. In
two other studies [11, 17], measurements of muscle strength,
and aerobic capacity during leg cycling were compared
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against previously published data from nondisabled people
and found to be up to 30–40% lower in people with SB. These
differences are large enough to support that physical function
deficits are present in people with SB. However, reliability
and normative values for body composition and physical
function can vary among laboratories due to differences
in test equipment, test operators, and regional population
characteristics. Thus, research studies on SB should ideally
include comparison data from age- and sex-matched con-
trols studied in the same laboratory. Comparison values
for aerobic capacity during arm crank ergometry were not
provided in two of the studies cited previously [11, 17].
This is a limitation since the number of nonambulatory
people with SB is substantial; for example, ∼90% of SB
patients in our clinical center rely on wheelchairs and are
nonambulatory. Thus, further descriptive data are needed to
fully characterize the upper body exercise capacity of youth
with SB.

As a result of low aerobic capacity and muscle strength,
activities of daily living may be relatively more difficult
for people with SB. Bruinings et al. [18] reported that
the oxygen cost (work economy) of walking or wheelchair
use at fixed speeds for children and young adults with
SB was similar to, or even less than that of age-matched
people without SB. However, for ambulatory people with
SB, self-selected walking speed was 14% slower compared
to nondisabled controls [18]. More importantly, because of
their reduced peak aerobic capacity, activities of daily living
were relatively more demanding since they required a higher
portion of aerobic reserve capacity for both ambulatory and
nonambulatory people with SB. Thus, it is not surprising that
the amount of daily physical activity performed by children
and adults with SB is lower than nondisabled comparison
groups [11, 19, 20]. Likewise, the reported quality of life
is lower in people with SB, particularly in those who are
nonambulatory [21–24]. In the study by Abresch et al. [21],
quality of life was similarly reduced in children with either SB
or SCI compared to healthy controls. Interestingly, though,
the presence of obesity adversely affected quality of life scores
in healthy control children, it had no further effect on the
scores of children with SB or SCI in that study. It remains to
be shown whether quality-of-life assessments are improved
following physical activity interventions.

Given the increased presence of obesity and decreased
physical activity and physical function, it is plausible to
expect that the components of metabolic risk would be
adversely affected by the presence of SB. There are, however,
only a few studies that have measured the components of
metabolic syndrome or associated risk factors in children
or adults with SB. The available reports showed that fasting
glucose, insulin, cholesterol, triglycerides, and blood pressure
were, on average, not different in people with SB compared
to either non-SB control groups or published normal values
(Table 1) [12, 25, 26]. Some studies have reported values for
clinical blood tests but did not include group means and
control values, so the effect of SB was difficult to determine
[27]. Exceptions to those trends were reported by Rendeli
and colleagues, who found that total- and VLDL-cholesterol
were increased in girls with SB, though not in boys with SB

[26], and that circulating homocysteine was increased in boys
and girls with SB [28]. The difference in total cholesterol
outcomes between boys and girls in the former study [26]
appeared to be attributable to differences in walking ability.
Total- and VLDL-cholesterol values were higher in girls who
did not walk compared to those who walked independently
or with assistance, but this effect of walking ability was not
apparent in boys. This observation may be related to the
finding that girls are, in general, less likely to be physically
active than boys during childhood and adolescence [29]. It
should also be noted, however, that the data in the study by
Rendeli et al. [26] were not corrected for potential differences
in age or maturation between sexes and therefore require
confirmation.

Although the group means reported in most of the
studies cited above revealed little or no differences between
people with and without SB, the results require confirmation
in larger studies, and there is still reason for concern. For
example, assessment of vascular function in a small group
of men with SB demonstrated that arterial diameters were
reduced and sheer stress on the vascular wall was increased
compared to nondisabled controls, a result that is predictive
of endothelial dysfunction [30]. Additionally, in a Dutch
cohort of 31 adolescents and young adults with SB, ∼90%
had one or more risk factors for cardiovascular disease based
on the Framingham Heart Study criteria, which includes
assessments of total- and HDL-cholesterol, systolic blood
pressure, and smoking [27]. Similarly, Nelson et al. [12]
reported that fasting insulin resistance (measured using
the calculation of homeostatic model of assessment for
insulin resistance, HOMA-IR) was significantly increased in
children and young adults with SB or SCI who were obese.
Furthermore, 70%–75% of study participants with SB and
80–100% of participants with SCI had low HDL-cholesterol,
independent of the presence of obesity. Metabolic syndrome
(defined as the presence of three or more risk factors from
a panel including obesity assessed by BMI, percent body fat
or waist circumference; insulin resistance assessed by fasting
glucose, fasting insulin, or impaired glucose tolerance;
hypertriglyceridemia; low HDL-cholesterol; hypertension)
was present in 32% of people with SB and 50% of people with
SCI, compared to 20% of nondisabled controls [12]. The
presence of those adverse clinical outcomes in the SB and SCI
groups could be predominantly ascribed to the copresence
of obesity, just as it was in the nondisabled control group.
However, because youth with SB (and SCI) had higher rates
of metabolic syndrome, which represents the clustering of
adverse clinical conditions, and because the prevalence of
obesity is elevated in the SB population, the results of that
study [12] and the work of Buffart et al. [27] suggest that
clinicians should carefully monitor young people with SB for
these signs of disease risk.

2.2. Additional Insights into Health and Function from
Studies of SCI. Although the etiology of their disabilities
is clearly different from SB, people with limited use of
their legs due to spinal cord injury (SCI) and who rely
on wheelchairs for mobility face many of the same health
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concerns as people with SB. In the United States, there
are >1.2 million people with spinal cord injury (SCI) and
∼1,500–2,000 new pediatric cases of SCI per year [31].
Because of similar physical challenges and sedentary lifestyle,
individuals with SCI, like those with SB, face an increased
risk of cardiometabolic disease. As with SB, children with
SCI are likely to have obesity characterized by increased
abdominal fat and reduced lean mass [16, 32]. In the study
by Liusuwan et al. [16] the magnitude of increase in body fat
and decrease in lean body mass relative to normal weight or
overweight nondisabled control groups was greater in youth
with SB than with SCI. This finding suggests that the long-
term health consequences of obesity for SB may be more
pronounced than for SCI.

Although there are relatively few studies of metabolic
risk factors in adults with SB, there are relevant data in
the SCI population that could be used to predict longer-
term health risks in the SB population. For example, a
recent analysis of 134 Swedish adults with SCI revealed
that one-third of people met the criteria for cardiovascular
risk intervention based on the Framingham Risk Equation
and the Systemic Coronary Risk Evaluation models, which
include measures of cholesterol, blood pressure smoking,
age, and sex [34]. When the authors of that study included
BMI > 22 kg/m2 as a potential measure of overweight
deemed appropriate for people with SCI, nearly 80% of the
group reached the higher risk classification worthy of clinical
intervention [34]. Additionally, as shown in children and
young adults with SB, HDL-cholesterol has been reported to
be reduced in people with SCI [35]. Additional markers of
cardiometabolic disease risk that are reported to be increased
in people with SCI include the inflammatory proteins, C-
reactive protein, and interleukin-6 [35, 36], neither of which
have been reported in people with SB to our knowledge.
Furthermore, Nash et al. [37] made the observation in young
adults with SCI that fasting triglycerides were normal, but
the elevation in triglycerides was ∼35% higher following a
high-fat meal compared to recreationally active nondisabled
men. They proposed that the meal stimulus revealed a
type of dyslipidemia that is undetected when only fasting
measurements are used. This situation is analogous to
carbohydrate metabolism, whereby fasting glucose may be in
the normal range but postprandial blood glucose is elevated,
revealing impaired glucose tolerance. The finding by Nash
et al. [37], however, was based on data on only three young
men with SCI and therefore needs to be replicated in both the
SCI and SB populations. Postprandial hyperlipidemia could
be an important clinical outcome as it has been shown to
be increased in nondisabled people with hypertension and
cardiovascular disease [38] and may therefore represent an
early marker for disease risk applicable to adolescents with
SB.

2.3. Health Consequences of Obesity and/or Sedentary Lifestyle
in Nondisabled Youth. The potential metabolic risk in chil-
dren with SB resembles in many ways the current problem of
obesity and sedentary lifestyle in all adolescents. According
to body mass index criteria for obesity (≥the 95th percentile

for age and sex) ∼18% of children in the United States
are obese [39]. While overnutrition is a key contributor to
the development of childhood obesity, there is also a role
for physical activity, and half of American children fail to
reach the recommended 60 minutes per day of moderate-
to-vigorous physical activity [29, 40]. Abdominal adiposity
in children is a strong predictor of insulin resistance and is
associated with features of metabolic syndrome such as dys-
lipidemia, hypertension, and increased circulating inflam-
matory markers, all of which have been more widely studied
in nondisabled children than children with SB [41–46]. It
is estimated that 25–50% of overweight adolescents meet
the criteria for metabolic syndrome [47]. More importantly,
longitudinal studies show that obesity and dyslipidemia that
are present during childhood often persist into adulthood
and predict the development of cardiovascular disease [48–
50], which makes obesity and sedentary lifestyle in today’s
youth such a widespread concern. Thus, lifestyle or other
clinical strategies need to be developed to address these
concerns for youth in general and tailored to meet the special
needs of children with SB.

3. Exercise as a Means of Lowering
Metabolic Risk

3.1. Exercise Programs for People without SB. It is well
established that exercise, alone or in combination with
dietary strategies aimed to reduce body weight, can be
effective for the prevention of diabetes and metabolic syn-
drome in nondisabled children and adults [51–55]. Extensive
literature has also shown that exercise performed at least
2-3 days per week can improve insulin sensitivity, reduce
abdominal fat, and increase HDL-cholesterol, in addition
to providing numerous other health benefits in nondisabled
children and adults [56–63]. Similarly, when exercise is
performed up to 15 hours before a meal the circulating
postprandial triglyceride concentration is reduced, a result
that is attributed to activation of lipoprotein lipase by muscle
contraction [64–67]. Unfortunately, in the United States,
recent observational studies have reported that less than half
of children and adults meet the current recommendations of
300 and 150 minutes per week, respectively, of moderate-to-
vigorous physical activity [29, 40, 68]. Likewise, due to the
physical limitations described a common clinical observation
is that many people with SB have low physical activity.
The extent of this perceived problem is not yet quantified,
since descriptive data for the participation rates in physical
activity, including structured exercise or sports or activities
of daily living, are to our knowledge not available for the SB
population.

3.2. Exercise for Children with SB. Recent work suggests that
some adolescents with SB can successfully participate in
sports and should be encouraged to do so for psychosocial
reasons [69, 70]. Buffart et al. [22] reported that children
and young adults with SB had lower reported quality of
life scores than a nondisabled comparison group, and ∼
60% had difficulty with activities of daily living. However,
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Table 1: Summary of published outcomes for body composition, physical function, and metabolic and vascular risk factors in people with
spina bifida (SB).

Outcome Increased in SB Decreased in SB Not different in SB

Body mass index, for age
and sex

- Non-amb children [10]
- Amb and non-amb
children [15]

- Amb children [11]∗

- Children and young adults [12]

- Amb and non-amb adults [15]

- Children [16]

Total body fat (%)

- Non-amb children [10]

- Children and young adults [12] - Amb children [11]∗

- Children [13, 14, 16]

Abdominal fat (%)
- Children and young adults [12]

- Obese children [25]∗

Lean body mass (%) - Children [14, 16]

Aerobic capacity

- Non-amb children [10]

- Amb children [11]∗

- Non-amb children and young
adults [17]∗

- Amb children and young
adults [17]∗

- Amb children [33]

Muscle strength

- Non-amb children [10]

- Amb children [11]∗

- Non-amb children and young adults
[17]∗

- Amb children and young adults [17]∗

Absolute energy cost of walking
or wheelchair use

- Non-amb children and young
adults [18]

- Amb children and young
adults [18]

Requirement of physical reserve
for activities of daily living

- Non-amb children and young adults
[18]

- Amb children and young adults [18]

Total daily physical activity

- Amb children [11]∗

- Non-amb children [19]

- Amb children [19]

- Non-amb children and young adults
[20]∗

- Amb children and young adults [20]∗

Glucose
- Children and young adults
[12]

- Obese children [25]∗

Insulin
- Children and young adults
[12]

HOMA-IR - Obese children [25]∗
- Children and young adults
[12]

Total cholesterol - Amb and non-amb girls [26]
- Children and young adults
[12]

- Amb and non-amb girls
[26]
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Table 1: Continued.

Outcome Increased in SB
Decreased in
SB

Not different in SB

LDL-cholesterol
- Children and young adults [12]

- Amb and non-amb girls [26]

HDL-Cholesterol
- Children and young adults [12]

- Amb and non-amb girls [26]

Triglycerides - Amb and non-amb children [26]

Homocysteine - Amb and non-amb children [28]

Blood pressure - Amb and non-amb children and young adults [27] - Obese children [25]∗

All comparisons refer to outcomes for people with SB relative to people without SB. Results from people with SCI or other spinal disorders are not included
in this table according to the descriptions presented in the individual studies. ∗Comparison is relative to published or unpublished values from prior
studies; all other investigations used a specifically recruited comparison group within their study design. Amb: ambulatory; Non-amb: nonambulatory. If
not specified, ambulatory status was not stated in the cited study. In some studies “amb and non-amb” designation is used because the results for ambulatory
and nonambulatory participants were not presented separately. The designation for children and adults in the cited studies is defined as <18 or ≥18 years old,
respectively. In some studies, results from children and adults were not presented separately.

after controlling for ambulation status and sex (walkers and
males reported fewer difficulties, resp.), daily physical activity
and aerobic fitness were positively correlated with quality of
life and inversely correlated with physical difficulties. These
results support the possibility that appropriately tailored
physical activity programs could improve perceived quality
of life for young people who currently have low habitual
activity. However, the most feasible and effective types of
exercise for people with SB are not well defined.

To date, physical therapy strategies employed with people
affected by SB have focused on muscle strengthening exer-
cises and orthopedic supports and assistive devices meant to
aid ambulation and postural control [71–73]. Similarly, the
few exercise intervention trials performed with people with
SB-targeted improvements in muscle size, muscle function,
or aerobic capacity since these outcomes are likely to
translate to better mobility and performance of activities of
daily living [74–77]. However, most of those studies used
small sample size and required replication.

The first study to our knowledge to report the feasibility
and effectiveness of exercise in SB was published by Ekblom
and Lundberg in 1968 [74]. In that study, seven adolescents
with SB, seven with cerebral palsy, and three with other forms
of spinal paraplegia, completed a low volume (30 minutes
twice per week for 6 weeks) of moderate-intensity wheelchair
exercise consisting of wheelchair driving and upper body
strengthening activities. This program resulted in improve-
ments in upper body fitness in the SB group as shown by
a 10-11% reduction in oxygen uptake and heart rate and
a 40% reduction in blood lactate during submaximal arm
crank exercise. During maximal arm crank exercise, work
output was 21% higher after training although peak oxygen
uptake did not change; suggesting that both submaximal and
maximal work economy was increased. Since that report,
however, there have been only two investigations in which
nonambulatory children or adults with SB performed upper
body exercise training and fitness outcomes were reported.
Andrade et al. [75] had eight children with SB, five who
were ambulatory, and three who wheelchair users, complete

a once-weekly supervised program of upper body aerobic
and resistance exercise, which resulted in improvements in
upper body strength after 10 weeks. Similarly, O’Connell
and Barnhart [76] enrolled three children with SB and three
with cerebral palsy, all of whom were wheelchair users, in a
program of upper body resistance training performed three
times per week for nine weeks. Despite a wide range of ages
(5–16 years old) and abilities of the participants, the exercise
program resulted in an increase in upper body strength (70–
200% improvement) and self-propelled wheelchair distance
covered in 12 minutes (29%). Although each of those studies
demonstrate the potential benefits of upper body endurance
and strengthening exercises on physical function for children
with SB, the results are difficult to generalize due to the small
sample sizes and heterogeneity of the participants. None of
the studies assessed the impact of the exercise program on
body composition or cardiometabolic risk factors such as
lipids, glucose, insulin, blood pressure, or vascular function.
Additionally, the pretraining familiarization and testing
protocols were not well described so it is possible that at
least part of the improvements ascribed to exercise training
may be due to learning effects that can occur when novice
participants gain increased awareness to study goals and are
more familiar with the testing environment at the posttest
compared to the baseline measurement.

More recently, de Groot et al. [77] conducted a home-
based walking trial for ambulatory children with SB.
Children in the intervention group were provided with a
treadmill and instructed to exercise for up to 30 minutes per
session in two days per week for 12 weeks in addition to their
normal daily activities, while children in the standard-of-care
control group maintained their habitual lifestyle patterns. At
the end of the program, the walking group increased the
distance they could walk during a 6-minute test by 38%,
and this improvement was maintained for at least three
months, whereas the walking distance in the control group
was unchanged. Similarly, peak aerobic capacity and walking
economy improved in the walking group but not the control
group. This study demonstrates that children with SB can
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improve their functional ability by performing a structured,
progressive intensity exercise program. It remains to be
shown, however, if these positive results can be extended
to people with SB who are nonambulatory, and whether
the benefits of the exercise translate to improvement in
metabolic and vascular outcomes.

3.3. Exercise Programs for People with SCI. The value of
considering exercise intervention programs for people with
SCI is that there have been far more studies conducted
compared to the situation for SB [78, 79]. Supporting the
small evidence base for SB, the more extensive literature on
SCI indicates that regular exercise is beneficial for people
with limited mobility, which has led to the development of
structured exercise recommendations for spinal cord injured
people [80–82]. In adults with SCI cross-sectional studies
demonstrate that the volume of daily physical activity is
inversely associated with obesity and several metabolic risk
factors, and positively related to aerobic fitness and quality-
of-life assessments [83–85]. Likewise, beneficial changes in
health and functional outcomes are observed when adults
with SCI complete exercise training or functional electrical
stimulation protocols [35, 79, 86–90]. Some of these studies
used small sample sizes [87, 90, 91], but despite that
limitation, the potential for metabolic benefits is promising.
For example, de Groot et al. [87] showed that after 8
weeks of upper body exercise, men with SCI who performed
high-intensity interval training had better improvement in
aerobic capacity and fasting lipid profile than those who per-
formed continuous moderate-intensity exercise. Although
that study only included 3 men per group and requires
confirmation, the results are consistent with several recent
reports demonstrating that, compared to moderate-intensity
exercise, aerobic interval training produced equal or greater
fitness and metabolic benefits for obese adolescents and
adults with heart disease or metabolic syndrome [92–96].
In the home-based walking program for children with SB
described previously, de Groot et al. [77] used a modified
version of this type of aerobic interval exercise. Thus, using
short segments of higher intensity exercise could be an
effective, time-efficient means to promote favorable fitness
and metabolic adaptations in youth with SB. This and other
exercise strategies need to be tested systematically, with the
types of adaptations required to accommodate the needs
and abilities of the individual carefully documented and
disseminated.

4. Summary and Recommendations

In summary, although it may seem intuitive that exercise
should be a cornerstone of healthy lifestyle recommendations
for SB patients, there are so few studies on the effects of
exercise in this population that it is unclear whether specific
types of activity are more effective than others. Recent
exercise recommendations have been developed for adults
with SCI and consist of at least 20 min of moderate-to-
vigorous intensity aerobic activity performed two times per
week, and strength training exercises performed two times

per week, comprised of three sets of 8–10 repetitions of
exercises targeting each major muscle group [80]. Although
it is plausible that this recommendation is appropriate and
effective for children with SB, it is still unclear whether
adjustments are needed to address the physical challenges
that accompany SB or to meet specific health and function
needs. For youth with SB who have limited use of their
lower limbs, exercise must necessarily rely on the upper
body and trunk muscles. For wheelchair users, this often
means that there are fewer opportunities for physical activity
and sports. Children with SB face barriers of access to
appropriate exercise facilities and must rely on adults
to help organize and supervise sports or physical play
opportunities, which may be lacking in many communities.
Thus, there is a potential role for healthcare providers
to work with local fitness centers and schools to develop
activity programs that incorporate structural exercise, sports
programs like wheelchair basketball, and age- and function-
appropriate movement games. Since upper body exercise
activates less muscle mass than typical leg exercise it may
be necessary to carefully regulate intensity or duration
of activity, or to incorporate electrical stimulation of the
lower limb musculature to ultimately reduce body fatness,
insulin resistance, inflammation, and/or hyperlipidemia.
Our premise is that distinct exercise approaches that vary
in the volume, intensity, frequency, and/or mode of activity
could be developed to target different outcomes in physical
function and metabolic health. Achieving that goal will
require detailed investigations that address the feasibility
and effectiveness of exercise for children with SB. In the
meantime, clinicians that work with patients with SB should
encourage them to strive to increase their habitual physical
activity on most or all days of the week, since the literature
supports that this may help, improve physical function and
perceived quality of life.
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Physical inactivity in youth with cerebral palsy (CP) places them at increased risk of developing cardiovascular disease. The current
study assessed indices of arterial health in adolescents with CP, classified as levels I-II of the Gross Motor Function Classification
System (GMFCS) (n = 11, age 13.2± 2.1 yr), in comparison to age- and sex-matched controls (n = 11, age 12.4± 2.3 yr). Groups
were similar in anthropometric measurements, resting blood pressures, and heart rates. There were no group differences in brachial
flow-mediated dilation (11.1±7.8 versus 6.1±3.6), carotid intima-media thickness (0.42±0.04 versus 0.41±0.03 mm), and disten-
sibility (0.008 ± 0.002 versus 0.008 ± 0.002 mmHg) or central (4.3 ± 0.6 versus 4.1 ± 0.9 m/s) and peripheral pulse wave velocity
(7.1± 1.7 versus 7.6± 1.1 m/s); CP versus healthy controls, respectively. Vigorous intensity physical activity (PA) was lower in the
CP group (CP: 38± 80 min versus controls: 196± 174 min); groups were similar in light and moderate intensity PA levels. Arterial
health of ambulatory youth with CP is not different from a control group despite lower vigorous PA levels. Similar studies need to
examine individuals with more pronounced mobility limitations (GMFCS level III–V).

1. Introduction

Cerebral Palsy (CP) is defined as a disorder of posture and
movement due to a nonprogressive disturbance in the devel-
oping fetal or infant brain [1]. CP manifests as limitations
in gross motor capacity [2], affecting performance in daily
mobility over a lifespan [3]. Youth with CP are less physically
active than their typically developing peers [4, 5] and show
an inverse relationship between functional limitations and
social participation [6]. Physical inactivity in youth places
them at a greater risk of developing a variety of secondary
health complications [7] and is also a major controllable risk
factor for cardiovascular disease (CVD) [8].

It has been suggested that one mechanism by which phys-
ical activity (PA) exerts its protective effect on cardiovascular
health is through positive effects on the endothelium [9], a
single layer of cells responsible for the vasodilator response to
increased conduit artery flow. A strong relationship between

low levels of PA and endothelial dysfunction has been well
documented in children [10], potentially predisposing youth
with CP to an increased risk of endothelial dysfunction.
Endothelial dysfunction is considered an early and integral
manifestation of atherosclerotic disease, which can be evi-
dent in the first decade of life [11]. Endothelial dysfunction is
an indicator of preclinical vascular disease and for youth with
CP may act as a marker of early changes in vessel function,
indicative of future atherosclerotic risk [12].

Pulse wave velocity (PWV) is a sensitive marker of arte-
rial wall stiffness and subsequent marker of cardiovascular
risk [13]. In children, PWV is positively correlated with body
mass index (BMI), waist circumference (WC), and percent-
age body fat and negatively correlated with cardiorespiratory
fitness and levels of PA [14]. Carotid artery distensibility
and carotid artery intima-media thickness (cIMT) are two
additional indices of arterial health and their role in the deve-
lopment of CVD is widely accepted [15].
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Strong relationships between cardiovascular risk factors
identified in childhood and adolescence and the progression
of atherosclerosis in adulthood are emerging [16]. Consis-
tent, positive effects of habitual PA on vessel health have
been demonstrated [14, 17]. Measuring indices of arterial
stiffness and endothelial function are therefore important in
this young, clinical population in order to identify changes in
vascular health at the earliest stage possible.

To our knowledge, there is no study published assessing
vessel health in general or its association with levels of habi-
tual PA in youth with CP. Given the fact that children aged 5
to 7 years with CP have lower PA levels than typically deve-
loping peers [4, 5] we hypothesize that even the most func-
tional adolescents with CP (GMFCS levels I-II) may have
decreased levels of PA and altered arterial function and struc-
ture compared to an age- and sex-matched control sample.

2. Methods

2.1. Participants. Twenty-two adolescents (9–16 yrs) were
recruited; of which, 11 individuals with CP (8 boys; mean ±
SD age of 13.2 ± 2.1 yr) were recruited from the Spasticity
Clinic and Teen Transition Clinic at McMaster Children’s
Hospital, Hamilton, Ontario, Canada. Inclusion criteria for
the CP group included a classification of either a level I or II
(GMFCS-Expanded & Revised) [18] indicating that all sub-
jects with CP were ambulatory without use of mobility devi-
ces (level I n = 7, level II n = 4). Subjects were chronological
age- and sex-matched to a healthy control group with a mean
age of 12.4 ± 2.3 yr. Control subjects were healthy, with no
known cardiovascular or metabolic conditions and studied
without specific exclusion criteria. Experimental procedures
were explained to participants and their guardians prior to
obtaining written and verbal informed consent/assent from
the parent/guardian and participant, respectively. Approval
from the Hamilton Health Sciences and McMaster University
Faculty of Health Sciences Research Ethics Board was ob-
tained for the study.

2.2. Study Design. This study employed a cross-sectional de-
sign to characterize the differences in specific measures of
vascular structure and function between children with CP
and healthy controls. All measures were noninvasive and
took place in a quiet, temperature-controlled room (23◦ ±
1◦C) with the participant in a supine position. All subjects
were instructed to abstain from vigorous PA 24 hours pre-
and were tested 4 hours postprandialy [19].

2.2.1. Anthropometric Measurements. Sitting and standing
height (cm) were measured to the nearest mm without shoes
and in light clothing. Body mass was measured to the nearest
0.1 kg using a digital scale, and BMI was calculated. WC
was measured 4 cm above the umbilicus at the end of a
normal expiration [20]. Two measurements were taken for
each variable with a third required if a difference greater
than 4 mm for height and WC and 0.4 kg for weight [21,
22] existed. For height and weight, the average of the two
measurements was reported, and the median value was

reported if three measurements were obtained [23]. Waist-
to-height ratio (WHR) was calculated as the WC divided by
the height (cm). As a marker of biological maturity, each
individuals’ age at peak height velocity (APHV) and time
from peak height velocity (TPHV) was calculated using a
gender specific equation [24].

2.2.2. Resting Heart Rate and Blood Pressure. Testing sessions
began with 10 min. of supine rest to ensure representative
resting measurements prior to the commencement of the
vascular assessment [25]. Continuous heart rate via a single-
lead electrocardiograph and brachial blood pressure (BP)
measurements via an automated applanation tonometer with
oscillometric cuff calibration (model CBM-7000; Colin Med-
ical Instruments, San Antonio, TX) were collected. All signals
(including those described below) were acquired simul-
taneously using a commercially available data acquisition
system (Powerlab model ML795, ADInstruments, Colorado
Springs, USA) and software program (LabChart 7; ADIn-
struments Inc., Colorado Springs, CO, USA). At the end of
the vascular assessment, four measurements of seated bra-
chial artery pressure were obtained using an automated sphy-
gmomanometer (Dinamap Pro 100, Critikon LCC, Tampa,
FL). The first measurement was used for calibration purposes
only and the average of the following three measures was
reported [26].

2.3. Vascular Assessment

2.3.1. Pulse Wave Velocity. Baseline measurements of PWV
were acquired through electrocardiography and photople-
thysmography. Both central and peripheral PWV (cPWV and
pPWV, resp.) were determined from 20 continuous heart
cycles using the equation [13]:

PWV = D

Δt
, (1)

where D is the distance between measurement sites and Δt
is the pulse transit time. Arterial waveforms at the common
carotid, femoral, and dorsalis pedis arteries were collected
using photoplethysmograph (PPG) sensors (IR Plethys-
mograph; Model MLT1020PPG; ADInstruments, Colorado
Springs) on the right side of the body. PPG signals were
bandpass-filtered (5–30 Hz) with the lower (≤5 Hz) and
higher frequencies (≥30 Hz) removed in order to assist in the
detection of the foot of each waveform. The foot of each
waveform was identified as the minimum value of the digi-
tally filtered signal [27] and corresponds to the end of dia-
stole, when the steep rise in the wave begins and appears as a
sharp inflection of the original signal [28].

Central PTT was determined using the subtraction
method [29]. Similarly, cPWV path length was calculated by
subtracting the surface distance between the sternal notch
and the carotid PPG placement from that of the sternal notch
and the femoral PPG placement. Peripheral pulse transit
time was determined as the time delay between the arrival of
the femoral artery pulse wave and the dorsalis pedis artery
pulse wave [19], with the path length measured as the dis-
tance between these two sites. Anthropometric measuring
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tape was used to measure the straightline distances between
skin sites (sternal notch to the placement of each PPG sensor)
along the surface of the body.

2.3.2. Carotid Distensibility and Intima-Media Thickness.
Direct measurements of carotid distensibility were acquired
as previously described [30] using a combination of high-
resolution, two-dimensional, B-mode ultrasound images
(System FiVe; GE Medical Systems, Horten, Norway) and
applanation tonometry (model SPT-301; Millar Instru-
ments, Houston, TX, USA). A hand-held tonometer was
positioned over the point of greatest pulsation and held in
a fixed position for ten consecutive heart cycles while ultra-
sound images of the left common carotid artery were col-
lected simultaneously. Absolute carotid artery systolic blood
pressures were calculated by calibrating the relative values
acquired using applanation tonometry to the calibrated bra-
chial artery blood pressures acquired simultaneously [31,
32].

Ultrasound images were stored offline in Digital Image
and Communications in Medicine (DICOM) format for later
analysis using a semiautomated edge tracking system (AMS
(Artery Measurement System) Image and Data Analysis.
Tomas Gustavsson, gustav@alumni.chalmers.se) [30]. In
each frame, carotid artery (minimum, mean, and maximum)
lumen diameters were calculated from roughly 100 mea-
surement markers along the vessel wall within the region of
interest (ROI), for a total of 110 000 measures in a 10 heart
cycle data sample. Distensibility was calculated using the
equation [13]:

Distensibility =
∏

(dmax/2)2 −∏ (dmin/2)2

∏
(dmax/2)2 × PP

, (2)

where dmax is the maximum diameter, dmin is the minimum
diameter, and PP is carotid pulse pressure, the change in
pressure from DBP and SBP. The mean carotid diameter
was calculated using the average of all diameters acquired
throughout the ten heart cycles. The same software program
and ultrasound images were used on the far wall of the caro-
tid artery for measurement of the cIMT.

2.3.3. Flow-Mediated Dilation Assessment. The flow-medi-
ated dilation (FMD) assessment has been shown to be the
most reproducible and least variable of the techniques used
to measure endothelial function in children [33]. With the
participant in the supine position, the left arm was posi-
tioned (roughly 80◦ from the torso) and immobilized so that
an optimal image of the brachial artery could be obtained
in a comfortable position [34]. A sphygmomanometric cuff
was placed on the forearm, below the medial epicondyle [35],
and remained deflated while baseline data were collected.
B-mode ultrasound images of the left brachial artery were
collected through two-dimensional grayscale ultrasound
imaging using a 10 MHz linear array probe (System FiVe; GE
Medical Systems, Horten, Norway). A baseline longitudinal
image of the brachial artery (3 consecutive cardiac cycles) was
acquired by a single ultrasonographer. An intensity-weighted

sample volume was attained and the gate width was therefore
adjusted accordingly.

To create the flow stimulus, the forearm cuff was instan-
taneously inflated to a standardized, suprasystolic pressure of
200 mmHg to ensure arterial inflow occlusion and ischemia
of downstream vessels and tissue [35]. The cuff was instanta-
neously deflated after 5 min. of occlusion and the first 30 sec.
of reactive hyperemic blood velocity signals were collected
using pulsed-wave Doppler ultrasound. The forward and
reverse frequency signals were processed by an external
spectral analysis system (Neurovision 500 M, Multigon Ind;
Yonkers NY) and an intensity-weighted calculated mean
was output into a data acquisition system (Powerlab model
ML795). B-mode ultrasound images of the brachial artery
over three consecutive heart cycles were stored every 15 sec.
from 30 sec. until 3 min. after cuff.

End-diastolic frames were extracted from each sequence
of images using a DICOM editing software program (Sante
DICOM Editor 3.1.13, Santesoft, Athens, Greece). The semi-
automated edge detection software program (AMS) was used
to detect the vessel diameters within a specific ROI for the
three end-diastolic frames at each time point. The peak dila-
tion of the vessel was established as the single largest end-
diastolic diameter (mm) measured from 30 sec. to 3 min.
after cuff release. From this data, the absolute FMD (mm)
and relative FMD (%FMD) were calculated as follows [36]:

Absolute FMD = Peak Diameter (mm)

− Baseline Diameter (mm),

Relative FMD =
(

Absolute FMD
Baseline Diameter

)

× 100%.

(3)

The following equation was used to calculate shear rate (SR)
for each participant [37]:

Shear Rate = 8×
(

Velocity
Diameter

)

, (4)

where velocity represents the mean blood flow velocity of
the velocity profile of the first 30 sec. after cuff release and
the baseline brachial diameter (mm) is used for the inter-
nal artery diameter value. The area under the curve of the
shear rate was calculated from the mean of the first point,
using the trapezoid rule to obtain the area under the entire
curve (GraphPad Prism version 4.00 for Windows, GraphPad
Software, San Diego California USA, http://www.graphpad
.com/). Relative FMD (%FMD) was normalized to the area
under the entire SR curve and reported as %FMD/SRAUC:

Normalized FMD =
(

%FMD
SRAUC

)

. (5)

This method of analysis provides values of absolute maxi-
mum dilation (mm), time to reach peak dilation (sec.), and
a raw calculation of the SR stimulus (SRAUC).

2.4. Physical Activity. Habitual PA patterns were assessed
using the Exercise Questionnaire adopted from Brunton
and Bartlett, used in a longitudinal study describing exer-
cise participation of adolescents with CP [38]. This recall
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questionnaire provides information regarding the frequency,
duration, and intensity of PA performed in the previous
week. This questionnaire, based on the “Previous Day Phy-
sical Activity Record” by Weston et al. (1997) [39], was used
to assess PA in both the CP and control group.

2.5. Statistical Analysis. Statistical analyses were performed
using SPSS Statistics, version 19.0 (SPSS, Inc., Chicago, IL).
Data distribution was initially examined for normality using
the Shapiro-Wilk’s Test and homogeneity of variance using
Levene’s Test. Independent t-tests were used to compare
group differences in all vascular indices, anthropometric
measures, and levels of PA. Analyses of vascular indices were
also completed with chronological age as a covariate. Statis-
tical significance for all analyses was set at P ≤ 0.05.

3. Results

Characteristics of the study population are described in
Table 1. The control and CP group were of similar age,
height, weight, WC, WHR, and BMI. There were no group
differences in resting seated brachial systolic blood pressure,
dias-tolic blood pressure, mean arterial pressure, or resting
supine heart rate.

Outcomes of the flow-mediated dilation (FMD) assess-
ment are reported in Table 2. It must be noted that one
participant with CP was removed from all FMD analysis
due to inadequate ultrasound image quality of postocclusion
data. One control subject was also identified as an outlier (via
box plot and a response greater than 2 SD above the mean)
and removed from the analysis. Thus, all statistical analyses
of endothelial function (Table 2) were performed with an
n = 10 in each group, with the exception of the preocclu-
sion brachial diameters (n = 11) as all pre-occlusion data
remained acceptable for analysis. There were no differences
between groups (P > 0.05) in pre-occlusion brachial dia-
meter (mm) or peak diameter (mm) reached during reactive
hyperemia (Table 2). There were no differences in the SR
stimulus or time taken to reach peak diameter between
groups (Table 2).

There were no differences in baseline measures of carotid
distensibility, cIMT, or baseline carotid diameter between
groups (Table 3). One control subject was a significant
outlier and removed from analysis of distensibility (CON,
n = 10) and one CP subject could not be included in the
analysis of cIMT due to insufficient clarity of the far wall IMT
for pro-per identification (CP, n = 10). No differences were
seen in cPWV or pPWV or PTT between groups (Table 3).
One individual from the control group could not be included
in the analysis due to an arrhythmia that did not permit
appropriate analysis of the PWV data (CON, n = 10).

The total number of minutes/week of PA in each intensity
category is reported in Figure 1(a). There were no group
differences in the total number of minutes spent in light and
moderate PA. The CP group reported a significantly smaller
amount of vigorous PA weekly than the control group
(Figure 1(a)) with over 60% of individuals in the CP group
reporting 0 minutes of total time spent performing vigorous

Table 1: Subject characteristics.

Control
(n = 11)

CP
(n = 11)

P value

Age, yrs 12.4± 2.3 13.2± 2.1 0.458

Height, m 1.6± 0.1 1.5± 0.1 0.169

Weight, kg 49.3± 14.2 41.4± 8.4 0.129

APHV 13.08± 0.9 14.02± 1.3 0.062

TPHV, yrs −0.66±2.1 −0.86±1.7 0.809

WC, cm 69.8± 8.8 67.3± 7.2 0.478

WHR 0.44± 0.05 0.45± 0.06 0.750

BMI, kg/m2 19.5± 3.7 18.4± 3.2 0.474

BMI percentile 57± 31 38± 33 0.178

Resting HR, bpm 68± 10 74± 13 0.278

Resting systolic BP, mmHg 113± 8 106± 12 0.164

Resting diastolic BP, mmHg 65± 5 62± 6 0.169

Resting MAP, mmHg 84± 3 81± 6 0.152

Values are represented as means ± SD. APHV: age at peak height velocity;
TPHV: time to peak height velocity; WC: waist circumference; WHR: waist-
to-height ratio; BMI: body mass index; HR: heart rate; BPM: beats per
minute; BP: blood pressure; MAP: mean arterial pressure.

PA in the previous week. Furthermore, when total PA
time/week was calculated (combining each intensity of PA),
there were no significant differences between groups (CP:
4260 min/week versus Controls: 4840 min/week) (Figure
1(b)).

4. Discussion

Over time, decreased levels of PA are generally associated
with impairments of vascular function and structure and
increased cardiovascular risk. This becomes particularly
important when PA levels are limited in children and adole-
scents with a physical disability, such as cerebral palsy. Thus,
early vascular assessments in this at-risk population may
assist in determining potential CV risk factors. In this study
we purposefully studied vascular health in the most func-
tional adolescents with CP to contrast their PA levels and
vascular health with their healthy peers. The primary find-
ings did not confirm our hypothesis that arterial function
and structure in adolescents with CP (GMFCS level I-II) are
different from a healthy control group despite individuals
with CP spending significantly less time performing vigorous
PA in comparison to their typically developing peers.

In this study, the primary risk factor (for future cardio-
vascular health) of interest was level of PA, as measured using
the Exercise Questionnaire [38]. Both groups spent similar
amounts of time performing light-to-moderate PA; however,
the CP group spent a significantly less amount of time engag-
ing in vigorous intensity PA. Despite this discrepancy in time
spent in high intensity PA, no group differences were seen in
any of the measured indices of vascular health. It has been
suggested that the strongest relationships between exercise
interventions (comparable to levels of PA) and enhanced
endothelial function exist in groups with relatively impaired
FMD a priori. The tightest correlations between PA and
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Table 2: Group comparisons of brachial vascular dimensions and FMD response.

Control (n = 10) CP (n = 10) P value

Preocclusion diameter, mm 3.20± 0.37 3.08± 0.48 0.803

RH peak diameter, mm 3.40± 0.39 3.48± 0.38 0.815

Absolute FMD, mm 0.19± 0.11 0.33 ± 0.21 0.075

Relative FMD (%FMD) 6.1± 3.6 11.1± 7.8 0.080

Normalized (%FMD/SRAUC) 0.0027± 0.0015 0.0046± 0.0033 0.126

Mean SR 530± 250 544± 198 0.788

Time to peak, s 110± 45 102± 46 0.826

PP, mmHg 48± 10 45± 13 0.523

Values are represented as means ± SD. RH: reactive hyperemia; FMD: flow mediated dilation; SR: shear rate; SRAUC: shear rate area under the curve.
Note. n = 11 in both groups for baseline brachial diameter.

Table 3: Group comparisons of PTT, PWV, carotid vascular dimensions, and carotid distensibility.

Control (n = 10) CP (n = 11) P value

Central PTT 0.103± 0.032 0.089± 0.013 0.454

cPWV (m/s) 4.1± 0.9 4.3± 0.6 0.977

Peripheral PTT 0.108± 0.012 0.111± 0.028 0.768

pPWV (m/s) 7.6± 1.1 7.1± 1.7 0.450

Baseline diameter, mm 5.73± 0.29 5.63± 0.74 0.690

cIMT, mm 0.41± 0.03 0.42± 0.04 0.576

Wall/lumen ratio 0.072± 0.007 0.077± 0.012 0.832

Distensibility, mmHg−1 0.008± 0.002 0.008± 0.002 0.474

Compliance, mm2/mmHg 0.19± 0.03 0.17± 0.06 0.376

PP (mmHg) 36± 10 42± 11 0.208

Values are represented as means ± SD. PTT: pulse transit time; PWV: pulse wave velocity, distensibility and compliance: Control, n = 10; IMT: intima-media
thickness and wall/lumen ratio: CP, n = 10; PP: pulse pressure.
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Figure 1: (a) Group comparisons of weekly PA according to intensity. (b) Group comparisons of total PA (summation of all three intensities)
performed in one week, individual data and group means presented; n = 11 in each group.
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FMD response have been shown to exist in the lowest tertiles
of endothelial function [40]. Considering this, there is no
reason to believe that the control group has experienced
vascular dysfunction, which would predispose them to a
positive vascular adaptation as a result of their higher levels
of vigorous activity in comparison to the seemingly healthy
CP group.

No significant differences between groups were found in
cPWV or pPWV. These values were comparable to a previous
study assessing PWV in a slightly younger group of healthy
children (10.1 ± 0.3 yrs) who showed very similar cPWV
values (4.2 ± 0.4 m/s) [14] to those in both groups in the
current study (Table 3). This indicates preserved arterial stif-
fness at this time point for both the control and CP group.
Similarities in PWV between groups in this study may be ref-
lective of similar levels of low intensity PA, as indicated by the
same amount of time spent in light and moderate intensity
PA as well as the same total time spent performing PA per
week (Figure 1(b)).

No differences were found between groups in either caro-
tid distensibility or cIMT. Throughout the lifespan, habitual
PA has been shown to positively influence arterial distensi-
bility [14, 18]. Age-related decreases in arterial distensibility
and increases in stiffness have been reported [18]; however,
increased levels of PA have been suggested to delay the age-
dependent loss of arterial distensibility, in proportion to the
amount and/or intensity of exercise [18, 41, 42]. Although
there was no difference in distensibility between the CP and
control group at this time, sufficient rationale is provided
for this clinical group of adolescents to increase their levels
of high intensity PA at an early stage and maintain these
behaviours into adulthood in an attempt to mitigate these
normative age-related changes.

cIMT measurements were also similar between groups
and were comparable to other control groups used in pre-
vious studies [43, 44]. Iannuzzi and colleagues (2004) [43]
characterized the differences in cIMT between obese children
and age-matched control subjects (6–14 years) and showed
a significantly greater IMT in the obese group in comparison
to the healthy controls (0.55 ± 0.08 mm versus 0.49 ±
0.09 mm). The cIMT of the obese children in the aforemen-
tioned study was approximately 24% and 25% greater than
the cIMT of the present study’s CP and control group, sug-
gesting healthy vascular structure in both groups in the cur-
rent study.

In a previous study assessing the relationship between
habitual PA (as measured using the double labeled water
approach) and brachial FMD in 5–10-year-old children, a
significant correlation was found (r = 0.39, P = 0.007),
highlighting PA as the most influential variable in predicting
the FMD response [9]. This group reported that physical
fitness, as assessed using an incremental discontinuous tread-
mill-based exercise test, and levels of PA, as measured using
Actigraph accelerometers, were lowest in the lowest %FMD
and %FMD/SRAUC tertile. These relationships between fit-
ness, PA, and FMD response were significant, and it was con-
cluded that PA measurements were the best predictors of
endothelial (dys) function in this young group [40]. These
data support the concept that PA exerts its protective effect

on CV health via the endothelium and draws attention to the
role of lifestyle modifications, specifically increases in levels
of habitual PA in pediatric practice.

This cross-sectional study is the first to characterize
indices of vascular health in higher functioning youth with
CP and to make comparisons to a group of their typically
developing peers. Children harbouring classic CV risk fac-
tors, including physical inactivity have been shown to exhibit
impairments in vascular function and structure early in life
and have an increased risk of premature atherosclerosis in
adulthood [44]. It has been shown that levels of both PA and
inactivity track significantly from adolescence (9 to 18 yrs)
to young adulthood placing inactive children at an increased
risk of becoming physically sedentary adults [45]. With evi-
dence of physical inactivity being a significant precursor to
CVD-related death and moderate levels of fitness providing
protective effects against the influence of traditional risk fac-
tors on mortality [46], the value of well-established, healthy
patterns of habitual PA in pediatric practice must not be
overlooked. In a group of youth that may have increased
susceptibility to physical inactivity, identifying any early alte-
rations in vascular function and structure may assist in iden-
tifying preclinical vascular disease, allowing for intervention
at the earliest stage possible.

5. Limitations

The FMD methodology used in the current study is relatively
straightforward and noninvasive. However, limitations to the
procedure are present. It is possible that during the FMD
assessment peak dilation was underestimated as images were
taken every 15 sec. for three heart cycles and not continu-
ously for 3 min. following cuff release. This is a limitation of
the storing capabilities of the equipment used; thus we chose
to collect diameter data at fifteen-second intervals to attempt
to represent the complete diameter profile following cuff
release. The current results are limited to highly functioning,
ambulatory individuals with CP and their typically develop-
ing peers. It is difficult to say if these results are applicable to
prepubertal or postpubertal individuals as it can be assumed
a mixed sample was represented. In this investigation, we did
not control for or assess diet, vitamin ingestion or blood-
borne CVD markers and therefore we cannot account for
the contribution of these factors in any changes in vascular
function.

One possible explanation for our finding of similar
vascular structure and function despite differences in the
amount of vigorous PA is that light-to-moderate PA is the
main determinant of vascular health and that vigorous exer-
cise is not necessary to maintain normal vascular structure
and function in youth. It is also possible that the method used
in the current study to assess PA (CP specific questionnaire)
was not sensitive enough to determine absolute differences
at all intensities or that confounding factors might result in a
relative underestimation of the vigorous component of exer-
cise for youth with CP. Future studies, which include more
direct measurement of activity levels, may delineate the rela-
tionship between absolute activity levels and arterial health.
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6. Conclusion

Although no differences in vascular structure or function
between youth (9–16 years) with CP and typically developing
peers were observed in the current study, the establishment
of techniques to assess arterial health in youth with CP is
critically important for determining future CV risk in this
clinical population. This study confirms the feasibility of the
use of these vascular assessment techniques in this popu-
lation and presents potential for future, longitudinal assess-
ments of individuals with CP across all levels of GMFCS
classification. Each measurement of cardiovascular health
was well tolerated and widely accepted by both participants
and their parent/guardian(s). The consequences of signifi-
cantly decreased amounts of time spent in vigorous PA for
youth with CP, at this time and potentially into adulthood,
remain unknown. For future research it is of interest to assess
whether vessel health is compromised in youth and adults
with more pronounced decreased levels of PA such as those
in GMFCS levels III–V. Identifying these parameters may act
as a tool for risk stratification in this population, thereby
permitting identification of children who would benefit most
from intensified PA and/or exercise interventions.
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[44] B. Hacihamdioǧlu, V. Okutan, Y. Yozgat et al., “Abdominal
obesity is an independent risk factor for increased carotid
intima- media thickness in obese children,” Turkish Journal of
Pediatrics, vol. 53, no. 1, pp. 48–54, 2011.

[45] M. Juonala, J. S. A. Viikari, M. Kähönen et al., “Life-time risk
factors and progression of carotid atherosclerosis in young
adults: the Cardiovascular Risk in Young Finns study,” Euro-
pean Heart Journal, vol. 31, no. 14, pp. 1745–1751, 2010.

[46] R. Telama, X. Yang, J. Viikari, I. Välimäki, O. Wanne, and O.
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Introduction. Adolescents with cerebral palsy (CP) often have difficulty participating in exercise at intensities necessary to improve
cardiovascular fitness. Functional electrical stimulation- (FES-) assisted cycling is proposed as a form of exercise for adolescents
with CP. The aims of this paper were to adapt methods and assess the feasibility of applying FES cycling technology in adolescents
with CP, determine methods of performing cycling tests in adolescents with CP, and evaluate the immediate effects of FES assistance
on cycling performance. Materials/Methods. Four participants (12–14 years old; GMFCS levels III-IV) participated in a case-based
pilot study of FES-assisted cycling in which bilateral quadriceps muscles were activated using surface electrodes. Cycling cadence,
power output, and heart rate were collected. Results. FES-assisted cycling was well tolerated (n = 4) and cases are presented
demonstrating increased cadence (2–43 rpm), power output (19–70%), and heart rates (4-5%) and decreased variability (8–13%)
in cycling performance when FES was applied, compared to volitional cycling without FES assistance. Some participants (n = 2)
required the use of an auxiliary hub motor for assistance. Conclusions. FES-assisted cycling is feasible for individuals with CP and
may lead to immediate improvements in cycling performance. Future work will examine the potential for long-term fitness gains
using this intervention.

1. Introduction

Cerebral Palsy (CP) is a nonprogressive disorder that results
from a disturbance in the fetal or infant brain [1, 2]. This
disturbance, although varied in etiology, results in motor
impairments in the developing child [3–6]. Individuals with
CP have muscle weakness and abnormally high muscle
spasticity in the affected extremities, which result in fine and
gross motor developmental delays [2, 4, 5, 7]. Poor selective
muscle control often results in coactivation of agonist and
antagonist muscle groups [5]. Spasticity and abnormal tone
that is present in the muscles of children with CP [7, 8] can
cause abnormal forces at the joints, which can lead to bony
deformity, joint instability, and muscle contractures as the
child grows [7, 9–11]. The weakness that affects these muscles

results in balance impairments and poor selective motor
control which may lead to diminished independence and a
lack of physical activity [12, 13]. Although CP is a nonpro-
gressive injury of the brain, the impairments and functional
limitations associated with CP can change over time, with
many children becoming less independent with functional
mobility as they enter their teenage years [14, 15]. Traditional
means of exercise, such as running, jumping, and playing
organized sports, may be difficult for individuals with such
functional limitations and, unfortunately, many individuals
with disabilities participate in less physical activity than
people without disabilities [16–19].

Stationary recumbent cycling has been proposed as a fea-
sible method to exercise in this population [20–29] because
cycling does not require the dynamic balance that exercise
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in a standing position requires. Cycling provides a potential
means of improving strength, cardiovascular function, and
range of motion, while exercising in a safe position and
performing an activity that most children enjoy [26, 27,
29, 30]. Unfortunately, children with CP may not have the
strength or coordination to cycle at the power intensities
or sustained intervals required to achieve cardiovascular
benefits from exercise [21, 31]. Many children with CP have
difficulty with the motor performance of the cycling task
because of unsmooth, asymmetrical cycling resulting from
uncoordinated pushing and pulling on the pedals rather than
cycling in a continuous manner [20, 21, 28]. Further dif-
ficulties include agonist/antagonist muscle coactivation,
poor gross mechanical efficiency with the cycling task, and
difficulties attaining threshold heart rates and cycling inten-
sities necessary to achieve cardiorespiratory training effects
and musculoskeletal changes [31]. Thus, additional means
may be necessary to improve cycling ability for fitness at-
tainment in children with CP.

Functional electrical stimulation (FES) has been used
to facilitate cycling to improve cardiorespiratory fitness and
to cause musculoskeletal gains in individuals with complete
paralysis due to spinal cord injuries (SCI) [32–38]. In addi-
tion to cardiorespiratory and musculoskeletal gains, Krause
et al. found that FES cycling may also moderate the excessive
muscle tone that is present in individuals with SCI [39].
Children with spastic CP have lower levels of cardiovascular
fitness [12], muscle weakness [3–5, 7, 8, 40], and elevated
muscle tone [7, 11] that also could potentially respond to a
FES cycling intervention [24, 41, 42]. The application of FES
in individuals with CP, however, is fundamentally a different
task than the application of FES in individuals with complete
SCI because individuals with CP have varying degrees of
volitional ability to pedal a cycle and additionally have sen-
sate lower extremities. Preliminary work in our laboratory
[24, 25] examined the development of a FES system for
assisting and evaluating cycling in individuals with CP. Two
recent publications have also reported the application of FES
in individuals with CP [41, 42]. The first publication was a
case study featuring training with FES cycling in an adult
with CP [41]. The second publication reported on the use of
FES in children with CP [42]; however, unlike in the current
project, the participants were asked to passively allow FES
to propel the crank rather than using volitional effort to
contribute to the cycling task. The goal of FES assistance
in the present study is to increase the cadence and power
output that can be produced volitionally during cycling such
that adolescents with CP can reach the heart rate thresholds
necessary to gain cardiovascular benefits from exercise. There
is also the potential that increasing cardiovascular fitness
and strength may lead to improved function and quality of
life. The aims of this study were to (1) adapt methods and
assess the feasibility of applying FES cycling technology in
adolescents with CP, (2) determine methods of performing
cycling tests in adolescents with CP of GMFCS levels III-IV,
and (3) Evaluate the immediate effects of FES assistance on
cycling performance (i.e., cycling cadence and power output,
coefficient of variance of cycling performance measures,

and cardiovascular responses). Preliminary results have been
presented elsewhere [25].

2. Materials and Methods

2.1. Participants. Participants were recruited from the Ce-
rebral Palsy Clinic at Shriners Hospital for Children, Phila-
delphia, or through referral from community physical thera-
pists. Adolescents with CP of Gross Motor Function Classifi-
cation System (GMFCS) levels III-IV were recruited for this
study [43]. Participants of GMFCS levels III-IV were targeted
because these individuals have the physical capacity to learn
how to cycle but they are often limited in their physical activ-
ity opportunities due to their lower level of independence
with physical mobility. Individuals of GMFCS level III are
able to ambulate with the use of an assistive device but may
use a wheelchair for long distances. Individuals of GMFCS
level IV have limited self-mobility and may require power
mobility in the community. The participant inclusion and
exclusion criteria are summarized in Table 1.

All participants were screened by an orthopedic surgeon
to ensure that they were not at risk for hip dislocation and
by a physical therapist to verify that they had sufficient
passive range of motion to complete a revolution of the crank
comfortably. The informed consent document, including all
accompanying procedures and risks, was discussed with each
participant and his/her parent or guardian. Sufficient time
was provided for review of the document and to answer
any questions. Informed consent and assent documents, ap-
proved by the governing Institutional Review Board, were
signed by each participant and their parent or guardian.

A sample of convenience consisting of four participants
(2 male) with spastic CP between the ages of 12–14 years
(mean 13 ± 1.2 years) participated in this case-based pilot
study (demographic information is provided in Table 2). Par-
ticipant 1 had previous cycling experience in the community
using an upright tricycle and had previously used neuro-
muscular electrical stimulation in an isometric strengthening
protocol. Cycling and the application of surface electrical
stimulation were novel to participants 2, 3, and 4.

2.2. Equipment. A previously described custom recumbent
tricycle-based FES system was used for all testing sessions
[24]. This tricycle-based system (a sport tricycle (KMXKarts;
United Kingdom) mounted on a cycle trainer (Tacx; Wasse-
naar, The Netherlands) to allow for stationary cycling) was
instrumented with a torque sensor and shaft encoder to
allow for collection of torque, crank position and cadence,
and consequently the calculation of power output during
the cycling session (Figure 1). The tricycle-based system also
allows for optional, direct drive pedaling assistance by an
auxiliary hub motor directly coupled to the rear wheel’s fixed
gear. The use of this motor allows for controlled mechanical
propulsion assistance in addition to the muscle contraction
assistance provided by FES. Data were collected using custom
software (MatLab, The Mathworks, Inc). The seat position,
crank arm length, bottom bracket, and foot pedal position
were adjusted to accommodate the leg length of each
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Table 1: Inclusion and exclusion criteria for participation.

Inclusion Exclusion

(i) 10–18 years of age (i) Diagnosis of athetoid or ataxic CP

(ii) Diagnosis of spastic diplegic or quadriplegic CP (ii) Significant scoliosis with primary curve >40 degrees

(iii) GMFCS level III (walks with assistive device; may use a
wheelchair for long distances) or IV (self-mobility with limitations;
transported or uses power mobility in the community)

(iii) Spinal fusion extending into the pelvis

(iv) Sufficient covering of the femoral head in the acetabulum
(MIGR% < 40%)

(iv) Severe tactile hypersensitivity

(v) Adequate range of motion of the hips, knees, and ankles to allow
pedaling

(v) Joint instability or dislocation in the lower extremities

(vi) Sufficient visuoperceptual skills and cognition/communication
skills to participate in cycling trials

(vi) Surgery, traumatic or stress fractures in the last year

(vii) Seizure-free or well-controlled seizures
(vii) Botulinum toxin injections in the LE muscles in the past 6
months

(viii) Willingness to participate in testing at Shriners Hospital for
Children, Philadelphia

(viii) Severe spasticity of the leg muscles (e.g., a score of >4 on the
Modified Ashworth Scale)

(ix) Ability to communicate pain or discomfort with testing
procedures

(ix) Joint pain or discomfort during cycling

(x) Ability to obtain parent/guardian consent and child
assent/consent

(x) Severely limited range of motion/irreversible muscle contractures
that prevent the subject from being able to be safely positioned on
the cycling

(xi) History of pulmonary disease limiting exercise tolerance
(Asthma Control Test screen) or history of known cardiac disease
(American Heart Association Screen)

(xii) Pregnancy

Table 2: Participant description and FES parameters for cycling tests with FES.

Participant Gender Age (years) Type of spastic CP GMFCS level Mode of community mobility

1 F 12 Diplegic III Anterior rolling walker

2 M 14 Diplegic III Posterior rolling walker

3 M 14 Quadriplegic III
Posterior rolling walker; manual
wheelchair at school

4 F 12 Quadriplegic IV Manual wheelchair

GMFCS refers to gross motor function classification scale level [43].

participant and any soft tissue contractures. In addition,
shank guides previously used in our laboratory [22–24] were
used to prevent excessive hip abduction and adduction dur-
ing the cycling motion.

For this investigation, only the bilateral quadriceps fem-
oris muscles were stimulated during the limb extension phase
of the cycling crank rotation using a commercially-available
stimulator with custom programming (Hasomed RehaStim,
Magdeburg, Germany). Self-adhesive electrode sizes were
selected for each individual to maximize the surface area
over the quadriceps being activated in an effort to min-
imize stimulation current density and thereby maximize
participant comfort. The appropriate electrode size for all
participants was 7.5 × 10 cm (Axelgaard Manufacturing Co.,
Fall Brook, CA). The proximal electrode was positioned
in an oblique orientation over the proximal rectus femoris
and vastus lateralis heads of the quadriceps femoris and the
distal electrode was positioned in an oblique orientation

over the vastus medialis obliquus and distal vastus lateralis
heads of the quadriceps femoris. Care was taken to ensure
that electrodes were placed over an area of the skin free from
blemishes or skin breakdown.

2.3. Stimulation Levels. The participants in this study com-
pleted training at a stimulation frequency of 33 Hz based
on the parameters used in our laboratory for FES cycling
in individuals with SCI [24, 35, 44]. A current intensity
of 40 mA was well tolerated and allowed for easy facilita-
tion of a fused quadriceps contraction using the electrical
stimulation [24]. The level of stimulation applied was then
varied by using a throttle (potentiometer) to increase or
decrease the stimulus pulse width to control the strength of
elicited muscle contractions. A custom program (MatLab,
The MathWorks, Inc) controlled the on and off time for
the stimulation applied to each leg based upon the position
of the crank and the instantaneous cadence at which the
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Figure 1: Tricycle components and participant set-up for FES-as-
sisted cycling study [24]. The tricycle-based system is instrumented
with a torque sensor and shaft encoder to allow for collection of
torque, crank position and cadence, and consequentially the cal-
culation of instantaneous power output, during the cycling session.
The stimulator provides surface stimulation to bilateral quadriceps.
The auxiliary hub motor was used for subjects 3 and 4 (please see
text for details). A laptop computer is used for data acquisition,
control of the stimulation timing, and control of the hub motor and
to provide visual feedback on cycling performance to the cyclist.

participant was cycling [24]. Participants were instructed to
tell investigators to turn down or turn off the stimulation at
any time if they felt uncomfortable. Participants were also
provided with a kill switch that could be pressed to terminate
the stimulation at any time during the testing procedures.

Motor level stimulation, defined as the level of stimula-
tion required to cause a muscle contraction that moved the
lower extremity through a pedaling arc of motion, was used
for FES-assisted cycling trials. Participants were positioned
on the bike with the leg being stimulated flexed at the knee
and hip and the pedal positioned at the crank angle just prior
to where active knee extension occurs. Participants were
asked to relax their muscles and allow the electrical stim-
ulation to move their legs. The stimulus pulse width was
gradually increased until the limb moved through an arc
of motion into extension. This procedure to determine the
motor level response pulse width was then repeated until
three successive trials were consistent (i.e., with motor level
response pulse width values within 5% of each other). This
procedure for determining motor level pulse width was then
repeated for the opposite extremity. The motor level response
pulse width for each individual was used for all FES-assisted
cycling tests. Pulse width settings ranged from 90 to 200 µsec
(160, 100, 90, and 200 µsec for participants 1, 2, 3, and 4,
resp.).

2.4. Cycling Tests. To quantify the immediate effects of ap-
plying FES assistance, all participants completed cycling trials
with and without the application of FES assistance. As part of

the development of testing procedures, custom software was
used to provide a simple feedback system for all participants.
A laptop computer provided participants visual feedback of
cycling performance with either power output or cadence
targets to sustain (Figure 2).

Feedback targets were determined for each participant
based on their cycling ability. Some individuals’ cycling ses-
sions were essential to the development of cycling perform-
ance testing procedures (e.g., use of hub motor to main-
tain a minimum cadence, discussed hereinafter), while
the data from other individuals were used to determine
the FES cycling techniques (e.g., application of alternating
periods of stimulation on and off in participant 1). The
specific tests and total number of tests each participant
completed depended upon the stage of development of
the project and aim being addressed when the participant
participated and the number of times the participant was
able to come to Shriners Hospital for testing (Table 3).
Participants completed 2–4 sessions with at least 24 hours
of rest between cycling sessions and with all testing occurring
within a two-week period for each participant. Heart rate was
recorded every 10 seconds, for the duration of the test, using
a pulse oximeter.

2.4.1. Incremental Load Tests (Participants 1 and 4). The
purpose of the incremental load test was to determine peak
power output, cadence, and heart rate for each participant.
Participants first completed a brief 30-second cycling trial
to determine the appropriate power output or cadence
increments. During the incremental load tests, the target was
increased by equal increments at one-minute intervals. Tests
lasted 8–12 minutes as recommended by traditional incre-
mental exercise testing guidelines [45] and were sufficiently
rigorous to determine the participant’s peak power output.

2.4.2. Constant Load Tests (All Participants). The purpose of
the constant load testing was to assess submaximal perfor-
mance and determine the participant’s ability to work at a
steady-state level. For constant load trials, a single power
output or cadence target was selected and the participant
attempted to maintain the target level for the duration of
the test. Constant load tests lasted 8–10 minutes and were
sufficient in length for each participant to achieve steady-
state cycling performance. For participants completing incre-
mental testing prior to constant load testing, the target for
the constant load test was set at 80% of the peak power
output achieved during the incremental test. The target for
the constant load test was based upon the method of Hunt
et al. [46] who examined the energetics of FES cycling in
individuals with paraplegia in which the work rate was
based on the individual’s maximal power on a prior test.
Unpublished pilot work in our laboratory determined that
exercising at 80% of the incremental load peak power output
was sufficient to achieve steady-state oxygen uptake prior to
lower extremity fatigue. For participants 2 and 3, who did not
complete an incremental load test, the target for the constant
load test was set at 80% of the peak power output achieved on
the brief, maximal effort, 30-second cycling trial. At least 24
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(a) (b) (c)

Figure 2: Visual feedback provided during cycling tests and training sessions. Participants are asked to cycle at a target power level or cadence
which is represented by the white box on the screen. If the participant is successful, the ball stays within the box and turns green (a). If the
participant cycles at a higher (b) or lower (c) power level or cadence, the ball moves out of the box and turns red.

Table 3: Overview of Tests Completed by Each Participant.

Participant
No motor
constant
load VOL

No motor
constant
load FES

No motor
incremental

load VOL

No motor
incremental

load FES

Motor
constant
load VOL

Motor
constant
load FES

Motor
incremental

load VOL

Other cycling trials
completed

1 × ×
No motor constant load

with FES
alternating on:off in 1

minute increments

2 × ×
3 × × ×
4 × × × No motor-Brief trial

without FES assistance

Participants are listed by row with “×” corresponding to each test a given subject completed. “No motor” refers to cycling tests without the use of the auxiliary
hub motor to control cadence, while the hub motor was used in the “Motor” tests. VOL refers to tests without the use of FES assistance. FES refers to tests
in which FES was applied. For the tests in which FES was applied, stimulation was applied at 33 Hz, 40 mA. Pulse width ranged from 90 to 200 µsec and
corresponded to the participant-specific pulse width required to elicit a motor level contraction. Participants 1 and 2 used cadence as feedback on cycling
performance, while participants 3 and 4 used power output for feedback due to requiring the use of the auxiliary hub motor (please see text for details).

hours of rest was provided between incremental and constant
load cycling tests.

2.4.3. Auxiliary Hub Motor (Participants 3 and 4). Initial
analysis of the first three participants determined that not
all participants were able to complete a standard constant
load or incremental test without the use of a motor to
assist with propulsion. Participants 3 and 4 were unable to
cycle consistently enough to maintain target cadences during
constant load or incremental load tests. Consequently, the
auxiliary hub motor located within the rear wheel of the
cycle (Figure 1) was used during some of the testing for
participants 3 and 4. The motor facilitated automatic control
of cadence while simultaneously collecting power output
data to provide information on cycling performance [24, 25].
Because of the poor cycling ability of these participants, the
majority of the torque produced was resistive to forward
motion of the crank which resulted in a negative net work
rate. For these participants, in a period of passive cycling in
which the participants allowed the motor to move their legs,
negative power output data were collected. This represented
how much the individual was resisting the passive movement
of their legs and, in effect, how much work the motor

had to do to overcome the weight and muscle tone in the
participant’s legs to turn the crank. After a period of passive
cycling, the participants were asked to actively cycle and the
difference between the passive phase and active phase power
outputs was calculated to determine the net power output for
the cyclist. Because cadence was controlled by the auxiliary
hub motor for participants 3 and 4, power output targets
were used for visual feedback during the cycling tests.

2.5. Data Analysis. Cadence and torque data were collected
at 20 Hz using custom software (MatLab, The MathWorks,
Inc) and used to calculate instantaneous power output. For
participants completing constant load tests with and without
FES assistance, paired t-tests were used to analyze differences
between mean power output between tests with and without
FES. Cycling performance was also analyzed by calculating
the coefficient of variance of power output for each minute
of the active cycling phase and then averaging across the total
number of minutes to determine the coefficient of variance
for the test. For participants completing the test using
cadence as feedback (participants 1 and 2), the coefficient of
variance of cadence was also calculated using the standard
deviation of cadence and mean cadence in the calculation
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instead of power output. Paired t-tests were performed to
compare coefficient of variance between testing conditions
with and without FES assistance.

Peak heart rate during incremental load testing was
determined as the maximum of all heart rate data collected in
a testing session. Peak heart rate was reported as a percentage
above resting heart rate to account for slight within-
participant variations in resting heart rate occurring between
testing days. Average heart rate reflects an average of all heart
rate data collected during the active cycling phase of testing
within a single testing session.

3. Results

3.1. Application of FES Assistance. All participants were able
to complete tests without difficulty and were able to tolerate
the application of FES to bilateral quadriceps muscles. All
participants were able to complete motor level stimulation
thresholding and FES-assisted cycling trials without re-
quiring additional acclimation to tolerate the stimulation.
Additionally, although participants were provided with the
kill switch, none of the participants chose to terminate the
stimulation when FES was applied. The stimulus pulse width
required to elicit a motor level response ranged from 90
to 200 µsec (see Section 2.3 for participant-specific pulse
widths).

3.2. Cycling Performance. Participants 1 and 2 completed
cycling tests without the use of the auxiliary hub motor to
maintain a constant cadence. Cadence was used as a target for
the constant load and incremental tests in these participants.
Participant 1 completed two separate incremental tests (with
and without FES assistance) and a constant load test in
which FES assistance alternated between on and off at one-
minute increments over the length of the test. Participant
2 completed constant load trials with and without FES
assistance.

Participants 3 and 4 completed cycling tests with the
auxiliary hub motor assistance. Power was used as the feed-
back target for the constant load and incremental tests for
these participants. Baseline passive cycling data were col-
lected to determine the amount of work the motor needed to
perform to passively move the legs through a range of motion
without the participant assisting with the task. Participant
3 completed three constant load tests: one without the use
of the auxiliary hub motor and without FES assistance, one
with the use of the auxiliary hub motor and without FES
assistance, and one test with both the auxiliary hub motor
and FES assistance. Participant 4 completed brief cycling
trials with and without the use of the auxiliary hub motor
and she completed three tests with the use of the auxiliary
hub motor: an incremental test without FES assistance and
constant load tests with and without FES assistance.

3.2.1. Incremental Load Test Results (Participants 1 and 4).
Only participant 1 completed incremental load tests with
and without FES assistance. During incremental cycling tests,
this participant achieved higher peak cadence and heart

rate values during the test with FES assistance (Figures 3(a)
and 3(b)). The primary objective of the incremental test
was to determine peak heart rate and power output values;
however, a secondary analysis examined average heart rate
and power output across the tests to determine the relative
level of exertion at which the participant was working over
the duration of the test (Figures 3(c) and 3(d)).

Cycling performance was also analyzed by calculating the
coefficient of variance (averaged over each minute during
the cycling trial) in power output and cadence. Participant 1
demonstrated a decrease in the variability in cadence (mean
16.3 ± 4.3% without FES assistance versus 7.8 ± 2.1% with
FES assistance) and power output (mean of 28.8 ± 4.5%
without FES assistance versus 16.5 ± 2.5% with FES as-
sistance) in the cycling test with FES applied.

The incremental load test completed by participant 4
was performed as part of development of incremental load
testing procedures using the auxiliary hub motor. The par-
ticipant was able to complete the testing and appropriately
respond to the increasing target on the computer screen. He
did not complete a FES-assisted incremental load test that
could be used for comparison.

3.2.2. Constant Load Test Results (All Participants). Partici-
pant 1 completed a constant load test in which FES assistance
was alternated in one-minute increments of being on and off.
The coefficient of variance for this participant’s power output
and cadence were calculated across each minute. Overall, the
participant demonstrated an immediate decrease in the vari-
ability in cadence (mean 11.5 ± 4.1% without FES assistance
versus 8 ± 2% with FES assistance) and variability of power
output (mean 12.8 ± 2.6% without FES assistance versus
9.9 ± 2% with FES assistance) during the periods when
FES assistance was applied (all P values > 0.3) (Figure 4).
Although changes in variability were not statistically signif-
icant, it did appear that participant 1 cycled more smoothly
with FES.

The application of FES assistance led to immediate
changes in cycling performance for participant 2, who
had no cycling experience and he was unable to complete
a crank revolution without assistance. As described previ-
ously, Participant 2 completed constant load trials (full tests
were unable to be completed due to poor cycling ability
and this participant participating prior to the implemen-
tation of the auxiliary hub motor) with and without FES
assistance. During volitional trials without FES assistance,
his lower extremities would get stuck during his attempt
to pedal forward and he would alternate between pedaling
approximately 180 degrees forward and backward. The
forward and backward motion of the crank resulted in no
net power generation (Figure 5(a): prior to the application
of FES assistance) and a cadence that fluctuated from
positive to negative (Figure 5(b): prior to the application
of FES assistance). Once FES assistance was applied, the
participant was able to successfully pedal the cycle (Figure 5).

Participant 3 required the use of the hub motor to per-
form constant load cycling tests. During the volitional cycling
test, the participant’s power output was negative throughout
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Figure 3: Cycling performance during incremental cycling tests with and without FES assistance in a child who is well adept at cycling
(participant 1). The graphs illustrate peak cadence (a), peak heart rate as a percentage of resting heart rate (b), average power output (c),
and average heart rate (d) during the tests. For average power output (c) and average heart rate (d) standard deviation values are shown. The
blue bars represent volitional cycling and the red bars represent FES-Assisted cycling trials.
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the majority of the cycling task, although positive power
output was achieved during portions of the FES-assisted
constant load test (Figure 6). Participant 4 also completed
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Figure 5: Cycling performance during the initial application of
FES in a child for whom cycling was a novel task (participant 2).
The top trace (a) illustrates his power output and the bottom trace
(b) illustrates his cadence. The red vertical bars at 240 s indicate
when FES assistance began and FES remained on during the red-
shaded portion of the graph. Data were smoothed for analysis using
a second-order lowpass Butterworth filter with a cutoff frequency of
0.1 Hz.

constant load trials with and without FES assistance; paired
samples t-tests comparing average power output during two
constant load cycling test conditions (with and without FES
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Figure 6: Power output during constant load cycling tests with
(red line) and without (blue line) FES assistance. This data are
from a child without cycling experience (participant 3) and the
auxiliary hub motor was required for testing. The vertical black line
at 120 seconds denotes the transition from a passive cycling phase
(in which the motor moved the child’s legs while he rested) to an
active phase (in which the motor continued to control cadence,
and the participant assisted with the cycling effort). In the FES
assistance condition, the stimulation was applied only during the
active cycling phase. Data were smoothed for analysis using a
second-order lowpass Butterworth filter with a cutoff frequency of
0.1 Hz.

assistance) for participants 3 and 4 were not statistically
significant (P = 0.846).

4. Discussion

FES-assisted cycling was well tolerated by the participants in
this study and demonstrated the feasibility of applying FES
assistance in children with CP. The use of an auxiliary motor
to control cadence was necessary to allow for meaningful
assessment of cycling performance in some participants.
FES-assisted cycling resulted in increased cadence, power
output, and heart rates and decreased variability in cycling
performance compared with volitional cycling without FES
assistance. Such improvements in cycling ability with the
application of FES assistance may make cycling for fitness
attainable for individuals with CP who have impaired cycling
ability.

4.1. Application of FES Assistance. All participants were able
to tolerate the application of FES and complete testing. Only
one participant (participant 1) had previous experience with
surface electrical stimulation while the other three did not.
Unlike in individuals with complete SCI who are unable to
volitionally contribute to the cycling task, our participants
were able to cycle volitionally, although inefficiently, and
were provided with visual feedback on the computer screen
to encourage cycling at a target cadence or power output
(Figure 2). The use of this feedback system may also have

applications in studies involving children with incomplete
SCI or poststroke because these individuals may have some
ability to contribute to the cycling task [47]. In a recent
study by Trevisi et al., participants with CP were asked
to not contribute to the cycling effort and to allow the
cycle to move their legs during the passive cycling and
FES cycling phases [42]. Although the authors did find
that FES in conjunction with traditional rehabilitation led
to greater improvements in quadriceps strength and motor
control than traditional rehabilitation alone, these gains
may have been even greater had the participants trained
using volitional effort combined with FES assistance. In
addition, unlike the stationary ergometers used in previously
published studies on FES cycling in individuals with CP
[41, 42], the tricycle-based system in this study is capable of
overground applications [24].

4.2. The Use of an Auxiliary Hub Motor (Participants 3 and
4). This work demonstrated that not all children with CP
are able to pedal a tricycle without assistance. The use of
the auxiliary hub motor allowed us to run quantitative
exercise tests at clearly defined power increments. The work
of Johnston et al. and our own pilot work have demonstrated
the erratic cycling patterns used by children with CP of
GMFCS levels III and IV [21, 24]. By using the auxiliary
hub motor, we were able to quantify cycling performance
in individuals with poor cycling ability. This information is
difficult or impossible to gather without the use of the motor
assistance due to the low, erratic, or negative work rates. For
example, participant 3 was unable to cycle at a target power
output of 0 Watts without motor assistance. Thus, he did not
have the strength and coordination to volitionally cycle while
working against only the resistance of his own legs. This
resistance can be thought of as retarding torque which can
be caused by muscle coactivation and muscle spasm, friction
from the cycle drive train, and inertial resistance from the
mass of the limbs. The cycling system, motor, and software,
however, allowed us to collect power output data, despite the
fact that the power output was less than 0 W. We discovered
that during passive cycling, with the motor propelling the
individual’s legs, the power recorded was −8 W, indicating
that the motor assistance required to passively move his
limbs through the revolution was 8 W (Figure 6). With the
use of the auxiliary motor and software, we were able to
determine that the individual can contribute approximately
4 W of cycling effort for a net power output of −4 W. The
contributing effort of the individual would be immeasurable
with a nonmotorized system because of the inability to
record negative power output for the individual unable to
complete a crank revolution without motor assistance.

4.3. Cycling Performance. Using FES-assisted cycling tech-
nology in adolescents with CP is a novel translational ap-
proach from the treatment of individuals with SCI [24,
25]. The results demonstrated that FES-assisted cycling can
be used to facilitate cycling in children who cannot cycle
independently (Figure 5). Although in some cases the appli-
cation of FES produced immediate increases in power output
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(Figure 5(a)), in others it took several minutes to see a
significant increase in power (Figure 6). In the participant
who required a few minutes of FES assistance to demonstrate
increased power output (Figure 6), however, the early phase
of active FES-assisted cycling also demonstrated a decrease in
his resistive torque (he was fighting the passive movement of
his legs less than in the volitional test).

4.3.1. Incremental Load Tests. The application of FES assis-
tance led to increased peak power output and heart rate
during incremental cycling tests (Figures 3(a) and 3(b)). This
participant also maintained a higher average heart rate when
cycling with FES assistance (Figure 3(d)). The data from this
participant demonstrates that FES assistance can facilitate
an elevated heart rate while cycling. Thus, we hypothesize
that FES-assisted cycling training has the potential to allow
children with CP to cycle more vigorously and achieve
therapeutic levels of effort which could result in improved
cardiovascular fitness in individuals with CP who are not able
to exercise in a traditional manner [12, 16–18].

Additionally, FES assistance also decreased the variability
in cycling cadence and power output. Decreased variability
in cadence signifies improved cycling performance and better
potential for carryover into prolonged endurance cycling and
overground cycling applications.

4.3.2. Constant Load Tests. Participants performing constant
load tests also demonstrated increased power output and
decreased variability in cadence and power output, which
were immediate, when FES assistance was applied (Figures
4 and 6). In participant 3, the power output recorded in the
volitional effort test (Figure 6—blue trace) decreases follow-
ing the passive cycling phase; thus the motor had to work
harder to turn the crank when the individual was helping
than it did when he was resting and allowed the motor to
move his legs passively. This observation demonstrates par-
ticipant 3’s inefficiency and unproductive volitional cycling
ability, and we hypothesize that this is due to the increased
coactivation and mechanical inefficiency of cycling which
results in a lower net torque and an increase in the resistive
torque. The decrease in power output observed in the
volitional test (Figure 6—blue trace) was not present when
FES assistance was applied to assist with muscle contraction
timing (Figure 6—red trace). This participant was able to use
less resistive torque when the FES assistance was applied. We
hypothesize that with further training and FES assistance,
this participant may have the potential to begin to produce
positive torque and power output when cycling with the
use of the auxiliary hub motor. Although the differences
between FES-assisted and volitional cycling conditions were
not statistically different, we anticipate that changes would
be present with a larger sample size.

4.4. Limitations. The conclusions on the application of FES
assistance on cycling in children with CP are limited due to
the small sample size and the pilot nature of this preliminary
work. The investigators acknowledge the risk of selection
bias because (1) the participants were not randomly selected,

(2) participants were required to have sufficient cognition
and communication skills to participate in testing and
training procedures, and (3) patients and families volun-
teering to participate may not be representative of the
general population of children with CP. In addition, due
to participant availability, not all participants completed a
full series of constant load and incremental tests with and
without FES assistance. This work was also limited in that
metabolic data were not captured to provide additional
insight on oxygen consumption and metabolic efficiency
during cycling tests with and without FES assistance.

5. Conclusions

The objectives of this study were to (1) adapt methods and
assess the feasibility of applying FES cycling technology in
adolescents with CP, (2) determine methods of performing
cycling tests in adolescents with CP of GMFCS levels III-
IV, and (3) evaluate the immediate effects of FES assistance
on cycling performance. Functional electrical stimulation-
assisted cycling was tolerated well and resulted in increased
cadence, power output, and heart rates and decreased
variability in cycling performance. Such improvements in
cycling ability with the application of FES assistance may
make cycling for fitness attainable for individuals with CP
with impaired cycling ability. The use of an auxiliary motor
to control cadence may be necessary to perform quantitative
cycling tests in individuals with CP with poor cycling ability.
This study was designed to evaluate FES-assisted cycling as
a method of improving cycling ability and to develop eval-
uation methods for use in future studies designed to assess
potential benefits of this type of exercise intervention.
Novel techniques such as FES-assisted cycling have the
potential to provide a method for exercise and fitness for
individuals with CP whose physical impairments limit their
level of physical activity. With FES-assisted training and
the immediate improvement in cycling ability it produces,
there is the potential for carryover into overground cycling
to provide recreational opportunities for individuals with
CP. Future work will focus on determining the optimum
stimulation settings for this approach and an evaluation of
the effect of FES-assisted cycling training on cycling and
cardiovascular performance.
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Background. Evidence suggests that children and youth with special health care needs (CYSHCN) have decreased physical activity
compared to peers. This study describes weight status and physical activity in CYSHCN and identifies factors associated with
physical activity and community resources to promote physical activity. Methods. Parents (n = 21) and CYSHCN (n = 23) were
recruited from a pediatric clinic. The most prevalent diagnoses were autism (n = 7, 30%) and cerebral palsy (n = 3, 13%).
Interviews were conducted with parents for information on physical activity and community resources. Children’s height and
weight were measured to calculate body mass index (BMI). Results. The majority of CYSHCN (n = 13, 59%) were obese. CYSHCN
did not meet recommended levels of 60 minutes of daily physical activity and engaged in more screen time than recommended.
More children with cognitive/behavioral/emotional diagnoses were obese compared to children with physical/medical diagnoses. A
majority of parents (n = 16, 73%) indicated their CYSHCN need more supervision to participate in physical activity in community
programs. Conclusion. The majority of CYSHCN in this study were obese and sedentary. Resources to promote physical activity
are needed for this population.

1. Introduction

A major emphasis in health care today is health promotion
and disease prevention driven, in part, by the increased
prevalence of childhood overweight and obesity and
decreased physical activity levels among children [1]. Chil-
dren and youth with special health care needs (CYSHCN)
are at an increased risk for obesity and inactivity compared
to their peers with typical development [2–4]. CYSHCN may
have physical, cognitive, and/or emotional conditions that
limit their abilities to be physically active, which may increase
risk for overweight and obesity. CYSHCN are defined by the
federal Maternal and Child Health Bureau as, “those who have
or are at increased risk for a chronic physical, developmen-
tal, behavioral, or emotional conditions and who also require
health and related services of a type or amount beyond that

required by children generally” [5]. Health promotion strate-
gies for CYSHCN may not be addressed in primary care or in
rehabilitation services due to time constraints and competing
chronic and/or acute medical needs. It is especially important
to promote healthy weight in CYSHCN because chronic
secondary conditions accompanying overweight and obesity
may lead to health problems that limit independence [4].

Health consequences of obesity in childhood and ado-
lescence include high blood pressure and high cholesterol,
which are risk factors for cardiovascular disease (CVD) [6],
increased risk of decreased glucose tolerance, insulin resis-
tance and type 2 diabetes [7], breathing problems, such as
sleep apnea, and asthma [8, 9] joint and musculoskeletal
problems [8, 10], fatty liver disease, gallstones, and gastro-
esophageal reflux [7, 8], and risk of social and psycholog-
ical problems, such as discrimination and poor self-esteem
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[7, 11, 12]. Children who are obese have a high likelihood of
being obese as adults [13–15] and may be at risk for serious
health conditions such as heart disease, diabetes, and some
cancers [16].

The current prevalence of obesity in children with typical
development has increased from 5% to 17%, more than a
threefold increase in the last 20–30 years [17]. Although over-
weight and obesity are known detriments to overall health,
there is no national statistic of overweight or obesity specific
to CYSHCN. The National Health and Nutrition Exami-
nation Survey (NHANES) database has been examined to
determine overweight and obesity in children with devel-
opmental disorders and functional limitations [2]. Findings
suggest that children with physical activity limitations were
more than twice as likely to be overweight compared to
children without these limitations. Responses from an online
health promotion survey among adolescents with special
health care needs indicated that 16.8% were obese and 19.3%
were overweight compared to national database on typically
developing peers where 13% were obese and 15.8% were
overweight [18].

Physical inactivity is a known risk factor for overweight
and obesity for all children [19] and studies suggest CYSHCN
participate less in physical activity than their typically devel-
oping peers [20]. This is in part due to the impairments that
CYSHCN experience because of their medical conditions/di-
agnoses and because of barriers to physical activity in the
physical or built environment. Additional barriers to physical
activity in the built environment include inaccessible play-
grounds (nonadaptive equipment) and inaccessible school
and work environments [20, 21]. Neighborhood character-
istics such as crime and traffic patterns also pose barriers to
outdoor physical activity as reported by parents of CYSHCN
who were overweight or obese [18].

The social and/or family environment is important to
facilitate healthy behaviors in children. Parent health behav-
iors establish norms and set routines that can influence a
child’s level of physical activity [22]. Parents monitor the
health behaviors of their children and are an appropriate
source for information on child health behaviors [22].
Moreover, parents of CYSHCN may be more invested in their
child’s health-related behaviors, activities, and services due
to the chronicity and intensity of their child’s health con-
dition(s) [23]. However, the social and family environment
may pose barriers to physical activity and healthy lifestyles.
For example, in the social environment lack of necessary
staff to provide a safe and supportive environment during
organized physical recreation and highly competitive team
sports may pose barriers that exclude CYSHCN from par-
ticipating in active leisure [20]. The family environment may
present barriers to physical activity for CYSHCN if parents
do not have the time or financial resources for sporting
equipment or membership fees. Parents may have limited
social support to be sure their children get to participate
in active recreation (i.e., a single-mother may be the head
of the household) or families may live in poverty. These
kinds of family factors present barriers to physical activity
and are associated with higher levels of obesity in CYSHCN
[24–26]. In planning and implementing this pilot study, the

International Classification of Functioning Model (ICF) was
used as the guiding conceptual framework. The ICF Model is
an enablement model that uses a holistic perspective to focus
on child’s abilities given his or her health condition(s) [27].
This model consists of personal dimensions of health (body
functions and body structure; activity; participation) and
the contextual factors (physical and social) that may influ-
ence personal health outcomes. As illustrated in Figure 1,
the ICF model was critical to frame the study and help iden-
tify personal and environmental factors that may influence
physical activity.

Families seek health and medical advice from their chil-
dren’s primary care providers (PCPs) [28]. They often look to
the PCPs for advice and resources to promote their children’s
health [28]. PCPs have indicated that they need more
information and training to provide effective interventions
and give appropriate guidance for patients and their families
[29]. Therefore, it is key to learn from parents the resources
that they use and those they need to promote physical activity
and health in their children. It is important to develop a
community resource database to support and inform clin-
ical practice so that PCPs can direct families to available,
accessible resources to promote healthy, active lifestyles for
patients and their families.

It is important to note that participants in this pilot study
were recruited from the primary care clinic in the Center
for CYSHCN at St. Christopher’s Hospital for Children
(SCHC), a large pediatric tertiary care hospital in an urban
community. Therefore, the participants were medically stable
even though many had significant health and environmental
challenges. Some of the environmental challenges these
families and CYSHCN face are due to the community in
which they live (the neighborhoods surrounding and served
by SCHC). SCHC is located in Eastern North Philadelphia,
in Pennsylvania’s 1st Congressional District. This area is
described as having the third highest childhood poverty rate
in the nation (45% compared to the national average of
22%), the second highest percentage of children living in
single parent families in the nation (67% compared to the
national average of 34%), the second most food insecure
district in the nation (49.6% of households between 2008–
2010), and the poorest neighborhood in the Commonwealth
of Pennsylvania [30, 31].

The primary purposes of this pilot study were to describe
child factors (weight status, diagnosis), child activity levels
(physical activity and sedentary behaviors), and parent fac-
tors (parent education, income, and employment) and to
identify social and environmental facilitators and barriers to
physical activity for CYSHCN. A secondary purpose was to
explore relationships among child and parent factors and
child activity levels. We hypothesized that parent factors
would be correlated with childhood weight status categories
and activity levels. Further, we hypothesized that childhood
weight status categories would be correlated with physical
activity and sedentary behaviors. Lastly, we hypothesized that
childhood weight status categories would be correlated with
medical diagnoses or conditions [2, 18].

The final purpose of this study was to inform PCPs about
community facilitators and barriers to physical activity for
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Figure 1: Modified ICF model.

CYSHCN and their families so they can provide appropriate
guidance and resources and advocate with and for families
for more community resources to promote active, healthy
lifestyles.

2. Materials and Methods

2.1. Participants. The participants in this study were
CYSHCN (n = 23) and their parents or legal guardians
(n = 21), including mothers (n = 17), one father, one foster
father, and two grandmothers. Two parents each had two
CYSHCN. Inclusion criteria were that children were ages 3–
18 years, had a diagnosed special health care need(s), were
medically stable and ambulatory, and were patients in the
primary care clinic at the Center for CYSHCN at SCHC. Both
parents and children needed to be proficient in English. A
sample of convenience was recruited by the medical director
(pediatrician) and nurse manager and participants were
enrolled by the study team. Child and parent demographics
can be found in Table 1.

Parent-child dyads were chosen to participate in this pilot
study based on the evidence that parents are role models for
their children, they provide opportunities for their children
to participate in physical activities, and they may be more
invested in their children’s activities and services due to the
demands of their child’s health condition(s) [22, 23].

Information on children’s diagnoses indicated that the
most frequent primary diagnosis was autism (n = 7, 30%)
followed by cerebral palsy (n = 3, 13%), and asthma (n =
2, 9%). Eleven children (48%) each had a unique primary
diagnosis, and the majority were genetic syndromes and
neuromuscular conditions. Moreover, most children had one
or more diagnoses in addition to their primary diagnosis,
which is listed on Table 2. Due to the heterogeneity of the

children’s primary diagnoses, the research team created two
diagnostic categories; physical/medical conditions (n = 13,
57%) and cognitive/emotional/behavioral conditions (n =
10, 43%) (see Table 2).

Most parents (n = 14, 67%) indicated that their children
used between 1 and 8 pieces of equipment or adaptive devices
(mean = 1.3). Six children (33%) used nebulizers or portable
inhalers and three children (13%) were on gastrostomy
tubes. Of the three children with cerebral palsy, one was clas-
sified as Gross Motor Function Classification System level II
(GMFCS II) and two were classified as GMFCS level III [32].

At the time of this study, 74% (n = 17) of children were
on medications and parents reported that their children took
up to seven prescribed medications (mean = 3.5). Six chil-
dren (33%) used inhaled steroids, which may be associated
with weight gain [33]. Five of these children were in the
physical/medical group.

Primary care providers (PCPs) often classify CYSHCN
using the Complexity Index [34]. This tool uses a 10-point
ordinal scale to rate the medical severity and social or family
complexity of a child’s condition [34]. CYSHCN in this
study were assigned a rating by their PCP. Table 3 shows the
distribution of complexity scores for children in this study.
We present these ratings to describe the participants and
to provide information on the contextual factors (personal
and social environment) contributing to the severity of their
conditions. Note that all CYSHCN have moderate to severe
medical problems and 35% (n = 8) also have complicating
social or family issues.

2.2. Measures. This is a cross-sectional exploratory, descrip-
tive study in which we examined the relationship among
child, family, and activity variables (see Figure 2). Addition-
ally we conducted in-depth interviews with families to gather
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Table 1: Parent/guardian and child demographics.

Variable Child Parent

Gender n (%) (Child n = 23, Parent, n = 21)

Male 17 (74) 2 (10)

Female 6 (26) 19 (90)

Age mean (sd, range) (Child, n = 23, Parent, n = 20) 9.7 (4.64, 3–18) 38 (16.17, 24–58)

Race n (%) (Child, n = 23, Parent, n = 20)

Asian 1 (4) 1 (5)

Black/African American 6 (26) 5 (25)

Native Hawaiian/Pacific Islander 1 (4) 1 (5)

White 5 (22) 5 (25)

Other 10 (43) 8 (40)

Annual household income (n = 17) n (%)

<$15,000 NA 7 (41)

$15,000–29,999 NA 4 (24)

$30,000–$44,999 NA 4 (24)

$45,000–59,999 NA 1 (6)

$75,000–$99,999 NA 1 (6)

Child health factors mean (sd)

Average BMI percentile (n = 22) 80 (31) NA

Average number of days child achieves recommended level of physical activity (60
minutes of moderate-to-vigorous physical activity) (n = 22)

4.7 (1.9) NA

“Screen time” (average no. of hours/typical weekday) (n = 21) 3.1 (2.3) NA

Table 2: Primary diagnoses and diagnostic categories.

Primary diagnosis
Number of

children
Diagnosis category

Autism 7
Cognitive/emotional/
behavioral

Cerebral palsy 3 Physical/medical

Asthma 2 Physical/medical

ADHD 1
Cognitive/emotional/
behavioral

Mood disorder 1
Cognitive/emotional/
behavioral

Severe intellectual disability 1
Cognitive/emotional/
behavioral

Charge syndrome 1 Physical/medical

Premature 1 Physical/medical

Beckwith-Wiedemann
syndrome

1 Physical/medical

Noonan syndrome 1 Physical/medical

Spina bifida 1 Physical/medical

Seizures 1 Physical/medical

Brain tumor 1 Physical/medical

Spherocytosis 1 Physical/medical

qualitative data about community resources and barriers to
physical activity for their CYSHCN. Each parent-child dyad
participated in one data collection session, which included

a series of questionnaires. Children were measured on height
and weight to calculate body mass index (BMI).

Child Medical Information Questionnaire (CMIQ). This
questionnaire was used in past research on physical activity
and fitness programs for CYSHCN [35, 36]. Parents com-
pleted this questionnaire to provide information on their
children’s diagnoses or medical conditions, medications,
medical technology, seizures, allergies, or problems with
vision, hearing, or communication. Other information ob-
tained from this questionnaire included the child’s past
surgical interventions, exercise restrictions, use of assistive
devices, home modifications, and child’s participation in
physical activity programs or on sports teams.

Parent and Child Demographic and Health Behavior Ques-
tionnaires (PDHBQ and CDHBQ). These two questionnaires
were developed for this study and were based on question-
naires used in past parent-child health behavior research on
physical activity and sedentary behaviors [22]. The PDHBQ
(36 items) and CDHBQ (31 items) used in the current study
were revised to be more applicable to CYSHCN. Items on
the PDHBQ included family structure, parent and child race
and ethnicity, education and income levels, employment
status, parent perceptions of child’s overall weight and parent
perceptions of their child’s physical activity, and sedentary
levels. Additionally, the PDHBQ had items for parents to rate
availability and accessibility of physical activity resources in
their neighborhood. The CDHBQ included items similar to



International Journal of Pediatrics 5

Table 3: Complexity Index Scores.

Complexity Description n (%)

0 Well child 0

0S Well, no medical problems, but does have complicating social or family issues 0

1 One moderate medical problem involving one organ system 0

1S One moderate medical problem involving one organ system with complicating social or family issues 0

2 One moderate or severe medical problem, involving one organ system with complications 5 (21.7)

2S
One moderate or severe medical problem, involving one organ system with complications and with
complicating social or family issues

1 (4)

3 Two or more moderate or severe medical problems, involving two or more organ systems 9 (40)

3S
Two or more moderate or severe medical problems, involving two or more organ systems and with
complicating social or family issues

5 (21.7)

4
Two or more moderate or severe medical problems, involving two or more organ systems with
complications

1 (4)

4S
Two or more moderate or severe medical problems, involving two or more organ systems with
complications and with complicating social or family issues

2 (8.6)

“S” indicates a child with a psychosocial issue or factor in the household (includes but not limited to single parent, foster care, and history of domestic
violence) [27].

Child health factors

Activity levels

Social environment

• Family income

• Parent education

• Employment status

• Typical number of days child
met physical activity
recommendation per week

• Typical amount of screen time
per weekday

• Weight category
(obese versus not obese)

• Diagnostic category
(physical/medical versus
cognitive/behavioral/emotional)

Figure 2: Items explored in correlation analysis.

the PDHBQ with additional items on perceptions of height
and weight and ratings of overall health and desire to be
healthier.

The health behavior items for both questionnaires were
from the Youth Risk Behavior Surveillance Survey (YRBSS)
for high-school and middle-school-aged students [37]. Some
of the parent items were from the Behavioral Risk Factor
Surveillance Survey (BRFSS) [38]. The specific items of
interest for this study were the physical activity and sedentary
behaviors items. We provided a definition of physical activity
on the questionnaire to reduce ambiguity for the partici-
pants. The physical activity definition and PDHBQ items
on physical activity and sedentary behavior are provided in
Table 4.

Specific questions were asked of parents regarding what
special assistance or adaptations children needed to be
physically active. These adaptions may present as facilitators
or barriers to a child’s opportunities to participate in healthy
activities. Using a 5-point rating scale, parents rated the
degree to which an item presented as a barrier. Items in-
cluded: child’s mobility and health limitations, supervision
and adaptive equipment in community programs, family fi-
nances to pay for adaptive equipment, and appropriate
school-based physical education classes (see Table 5).

Lastly, to determine community resources and supports
to promote health behaviors, parents were interviewed about
availability and accessibility of physical activity resources in
the families’ community. Parents were also asked to identify
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Table 4: PDHBQ items used in analysis.

Definitions Items

(i) Physical activity is any activity that increases your child’s heart
rate and makes him or her get out of breath some of the time.
(ii) Physical activity can be done in sports, playing with friends, or
walking to school.
(iii) Some examples of physical activity are running, brisk walking,
rollerblading, biking, dancing, skateboarding, swimming, playing
soccer, basketball, or football, and surfing.

Over a typical or usual week, on how many days is your
child physically active for a total of at least 60 minutes per day?
0 day
1 day
2 days
3 days
4 days
5 days
6 days
7 days

Sedentary behavior was defined as time spent in “screen time.”
Screen time includes time spent watching the television, playing
video games, and using the computer for nonhomework reasons.

How many hours is your child engaged in screen time on a
school day?
(a) My child does not watch TV, play video games, or use the
computer on school days
(b) Less than 1 hour per day (please specify number of
minutes):——
(c) 1 hour per day
(d) 2 hours per day
(e) 3 hours per day
(f) 4 hours per day
(g) 5 hours per day

Table 5: Most common barriers to physical activity.

Item
Sometimes to

always a
barrier n (%)

(a) My child needs more supervision than is
usually available in community programs
(n = 22)

16 (73)

(b) My limited finances to pay for adaptive
equipment for my child (n = 20)

12 (60)

(c) The lack of school-based physical education
and/or activity programs that are appropriate for
my child to participate in physical activity
(n = 19)

9 (47)

(d) My child’s mobility limitations or fragile
health (n = 22)

10 (46)

(e) The lack of adaptive equipment in community
programs to help my child participate (n = 21)

5 (24)

health-promoting resources that they perceived to be absent
from their community. Specific questions asked in the
PDHBQ were as follows:

Please tell us what resources are available in your
community to promote physical activity (e.g., parks,
fitness and recreation centers, summer camps, before or
after school programs, public pools.)

Are the above resources accessible? (Meaning—Are
they easy to get to? Are they open at convenient times?
Are the prices affordable?)

Are there any physical activity resources in commu-
nity that you do not have, but would like to see?

Body Mass Index (BMI). BMI was calculated from each
child’s anthropometric measures (height and weight). Chil-
dren’s height was measured using a stadiometer (Road
Rod 214 Portable Stadiometer, SECA, Hanover, MD) and
weight was measured with a digital scale (UMO 26; Tanita,
Arlington Heights, IL). All children could maintain upright
posture for height measures although several required two
measurers, one to ensure the head and trunk were aligned
and to position the head piece and take the measure, the
other to support lower extremities with proper foot and knee
alignment.

2.3. Procedure

2.3.1. Recruitment and Enrollment. The PCP and nurse man-
ager at SCHC approached families of children who met the
inclusion criteria. Over the course of this one-year study,
active recruitment and enrollment was conducted for eight
months. A total of 45 parents gave permission to be contacted
for participation in the study and 21 parents (47%) were
enrolled. Approximately 250 phone calls were placed in an
attempt to enroll the 45 parents. In many instances phone
numbers were disconnected and parents were unable to
be reached. Barriers for other parents who declined the
invitation to participate were no time, difficulty accessing
transportation, and lack of childcare. Forty-two appoint-
ments were scheduled to enroll the 21 participating parents.
Reasons why scheduled appointments were missed included
children being sick or hospitalized, parents forgetting, and
poor weather conditions.

2.3.2. Data Collection Session. Upon arrival to the clinic at
SCHC, parents and CYSHCN were escorted to a private
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examination room in the clinic area. There was only one data
collection session in the study. The session lasted approxi-
mately 90 minutes.

First, parents and children completed informed consent
and assent forms, respectively. All questionnaires were ad-
ministered by trained interviewers using the same sequence
(CMIQ, PDHBQ, and CDHBQ). Most children required
assistance from their parents to complete the CDHBQ. After
completion of questionnaires, the child’s anthropometric
measures were taken. A standardized protocol was used to
document height and weight and to calculate BMI [22].

Self-report measures were used in this study despite in-
herent biases in reporting because these are the usual
measures to obtain demographic and descriptive informa-
tion. Self-report measures are used most often to measures
physical activity in CYSHCN with most evidence specific to
children with cerebral palsy [39, 40]. Little evidence is avail-
able to support the validity or reliability of accelerometers
or pedometers to measure physical activity in CYSHCN with
available evidence specific to children and adolescent with
cerebral palsy [41]. There are no studies that report using
objective measures of sedentary behaviors for CYSHSN, so
self-report is an appropriate measure [39, 40].

2.4. Data Analysis. A mixed methods design was imple-
mented for descriptive and correlation analyses. The PASW-
Statistic 18.0 [42] statistical package was used to generate fre-
quencies and correlations. Parents responses on the PDHBQ
were used in the analysis. Child responses on the CDHBQ
were not analyzed because of the amount of missing and
incomplete data due to most children’s inability to complete
the CDHBQ (i.e., cognition and/or attention limitations). In
situations where children are too young or lack the cognitive
ability to respond on their own behalf, parents have been
found to reliably report their child’s health information [43].

Descriptive analyses were generated for child factors
(weight status and diagnostic categories) and PDHBQ items
(parent ratings of child’s physical activity level and sedentary
behavior; parent demographics (education, income and em-
ployment); parent ratings on facilitators and barriers to
physical activity).

Chi-square analysis, Fisher’s Exact Tests, and Spearman
correlations were used to test the hypotheses and measure
correlations among child factors (weight status, diagnostic
category) parent factors (income, education, and employ-
ment); child activity level (physical and sedentary behaviors).
The alpha level was set at P < 0.10 to reduce Type II error.
Given the study design and sample size, the larger P value
will allow us to see potential trends in correlations [44, 45].

Qualitative analysis was conducted to examine parent
responses to the open-ended physical activity resource
questions. These questions were administered via in-depth
interviews and open-ended questions. Responses were coded
based on themes and categories and frequencies were
documented to identify unique trends or patterns [46].
Figure 2 illustrates the items examined in the association
analysis. Only statistically significant findings are reported in
the results section.

3. Results

3.1. Descriptive Analysis

3.1.1. Body Composition, Physical Activity, and Child Health
Factors. Many of the participants (n = 12, 55%) were obese
(BMI ≥ 95th percentile). An additional 14% (n = 3) of
participants were overweight (BMI ≥ 85th percentile). On
average, parents reported that their children were physically
active for 60 minutes or more on 4.68 (SD 2.0) days per week.
None of the children in this study were reported to have
participated on sports teams. Parents also reported that their
children engaged in an average of 3.1 (SD 2.3) hours of screen
time per day. Screen time was defined as television, video
games, and computer use (for nonhomework activities) [47].

3.1.2. Parent Perception of Child’s Overall Health. Parents
used a 5-point Likert scale to rate their child’s overall
health and to rate how much their child’s health or physical
limitations were a barrier to physical activity. A majority
(68%, n = 15) of parents rated their children in good, very
good, or excellent overall health. A majority of parents (55%,
n = 12) indicated that mobility limitations were rarely or
never a barrier.

3.1.3. Environmental Facilitators and Barriers to Physical
Activity. Parents were asked to rate the level by which specific
social, organizational, and community resources or lack of
resources presented as barriers to physical activity. Parents
were asked to rate each item (presented in Table 5) on a
5-point Likert scale from “never” to “always” a barrier. A
majority of parents perceived the level of supervision in
community programs as a barrier. Additionally, a majority
of parents agreed that limited finances to pay for adaptive
equipment were also a barrier.

Parents were asked to identify available and accessible
resources in their community to support physical activity
behaviors for their children. Availability was defined as re-
sources that exist in the community and accessibility was
defined as, affordable, convenient hours of operation, easy
to get to, and adaptable to the specific needs of their child.
Parents were also asked what community resources were
needed to support physical activity. When examining open-
ended responses to these questions, parks were the most
frequently identified physical activity resource in parents’
communities. In addition, most parents perceived these
parks to be an accessible resource to promote physical activity
for their CYSHCN. On the other hand, pools are needed in
many parents’ communities. Twenty-one percent of parents
said that they do not have a pool in their community, but
would like one. Pools only accounted for five percent of the
available resources cited by parents. A complete summary of
responses is displayed in Table 6.

3.2. Factors Associated with Obesity in CYSHCN. Results
of the chi-square analyses (Table 7) suggest that CYSHCN
who were classified as having cognitive/behavioral/emotional
conditions were more likely to be obese compared to
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Table 6: Availability, accessibility and need of physical activity re-
sources in the community.

Resource Available Accessible Need

Parks 35% 80% 0%
∗Other 18% 90% NA

Recreation Centers 16% 90% 7%

Gyms 11% 67% 10%

YMCA 9% 100% 14%

Pools 5% 100% 21%

Playgrounds 5% 0% 10%

Sports 0% 0% 7%

Summer Camps 0% 0% 7%
∗∗Needs NA NA 24%
∗

Other refers to available/accessible resources (such as church, bowling,
variety club) that were only mentioned once.
∗∗Needs refers to needed resources (such as horse backing riding, gymnas-
tics and after school programs) that were only mentioned once.

Table 7: Chi-square analysis.

Diagnostic category
(n = 22)

Obese n (%)
Not obese
n (%)

Exact sig
(2-sided)∗

Physical/medical 5 (42) 7 (58)
P = 0.10

Cognitive/behavioral/
emotional

8 (80) 2 (20)

Family income
category (n = 17)

Obese n (%)
Not Obese
n (%)

Exact Sig
(2-sided)∗

<$15,000 per year 2 (29) 5 (71)
P = 0.06

≥$15,000 per year 8 (80) 2 (20)
∗

Fisher’s Exact Test.

CYSHCN who were classified as having physical/medical
conditions (P = 0.10). CYSHCN who belong to families of
higher income were more likely to be obese compared to
CYSHCN who belonged to families of lower income (P =
0.06).

Results of the Spearman’s correlation suggest that BMI
percentile was significantly, inversely related to the number
of days in which a child achieves recommended levels of
physical activity in a typical week (r = −.43, P < 0.05).

4. Discussion

A majority of CYSHCN in this study were obese. This finding
is supported by previous studies demonstrating a high
prevalence of overweight and obesity in CYSHCN [2, 18].
We hypothesized that parent factors would be correlated with
child weight status category and activity levels. Additionally,
we hypothesized that child weight status would be correlated
with activity levels and diagnostic category.

There were three significant findings from the hypothesis
testing. Children who were categorized with cognitive/emo-
tional/behavioral conditions were significantly more likely
to be obese than those categorized with physical/medical
conditions. This finding is supported by previous studies

of CYSHCN [18] and may highlight the need for more
accessible facilities, family and recreation or fitness staff
training, and adapted activities to provide safe, appropriate
environments with sustained moderate-to-vigorous physical
activity to result in improved health and weight status.
Further research is necessary to understand health outcomes
and long-term implications in this specific population of
CYSHCN.

The second significant finding from hypothesis testing
suggests that there was a significant relationship between
increased parent income and increased obesity. This finding
is counterintuitive but may be partially explained by the fact
that most of the CYSHCN in the higher-income families
had cognitive/emotional/behavioral conditions and children
with these conditions were significantly more obese than
children with physical/medical conditions.

Finally, the significant inverse correlation between obe-
sity and physical activity is in keeping with the research
evidence and suggests that inactivity in CYSHCN may lead
to obesity [18]. On average, parents indicated that their
children did not achieve the recommended level of daily
moderate-to-vigorous physical activity (60 minutes every
day) [48]. Data for typical high school students suggests
that only 18.4% achieve the recommended daily levels of
moderate-to-vigorous physical activity [49] but this is much
better than our findings of 0%. Although CYSHCN did not
meet the physical activity recommended threshold, parents
responses were higher than expected and were not supported
by the high obesity rates in the participants. A possible expla-
nation is that the physical activity parents observed may not
be at the necessary intensity (moderate to vigorous) to result
in energy expenditure for CYSHCN to achieve and maintain
healthy weight. In candid conversations during interview
sessions, some parents spoke of their children not being able
to fully participate in sports and recreation to the degree
and competitive level of children with typical development.
Also, as mentioned previously, we must consider the biases
inherent in self-report data [50].

All CYSHCN in this study engage in screen time beyond
the American Academy of Pediatrics recommendation (1-
2 hours per day) [50]. In our study, CYSHCN partici-
pated in less screen time compared to typically developing
children. Evidence suggests that preschoolers with typical
development are exposed up to 4 hours of screen time per
weekday, and older children and adolescents are exposed
up to approximately 3 hours of television per day, not
including time spent with videogames and computers [51–
53]. Other studies have found that children with cognitive
disorders, such as autism, spend a greater amount of their
free time watching television or playing video games than
their peers with typical development [54]. Children with
cerebral palsy have been found to spend relatively the same
amount of time engaged in screen time as their peers with
typical development [55]. Findings from our study suggest
that CYSHCN participate in less screen time than children
with typical development and less screen time than reported
in other studies with CYSHCN. This discrepancy may be
due to parent report or that the item on screen time in the
PDHBQ potentially caused confusion. We asked parents to
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add up their children’s screen time, which may have lead
to inaccuracy in adding those numbers. There are limited
studies investigating screen time in CYSHCN, this health
behavior warrants future research.

In this study, parents identified multiple barriers to
physical activity, with a lack of supervision in community
programs being the most common concern. A majority of
parents agreed that limited finances and inability to pay
for adaptive equipment posed barriers to their children
being able to participate in physical activities. Additionally
parents identified multiple resources they needed in their
community to promote physically activity for their children,
including pools, gyms, and summer camps.

It is worth noting that no parents in this study had a
playground in their community that was accessible to their
CYSHCN. Since the average age of children in our study
was 9.8 years and many children had cognitive delay, it is
likely that by cognitive or developmental age, playgrounds
may be useful to these families. Lack of playground resources
speaks to potential problems with resource availability
and/or appropriate adaptations for universal access for all
children. National physical activity guidelines [48] should
include recommendations on ways to adapt environments
to promote active recreation in all children to make the
guidelines more comprehensive and inclusive. Although
these guidelines mention adults and CYSHCN, minimal
recommendations are provided to address the health and
physical activity needs of these populations [48]. Special
attention and detail in national guidelines and clinical
guidelines may help guide PCPs in their health promotion
recommendations to CYSHCN. Likewise, citywide health
promotion initiatives should include information and rec-
ommendations on universal access to include CYSHCN
and their families so they can participate in and benefit
from these initiatives as much as children with typical
development and their families can.

5. Limitations

A main limitation in this study is the small sample size that
resulted from difficulty with recruitment and enrollment.
Data analysis was therefore limited to descriptive statistics
and nonparametric correlation analyses. Subjects enrolled
in the study were a heterogeneous population of CYSHCN
making it impossible to examine specific conditions or diag-
noses as related to weight status or physical activity levels.
Likewise, the socioeconomic status of participant families
varied but the majority of families were from the lower end of
the socioeconomic status making it impossible to generalize
across all income levels of families with CYSHCN.

As in many studies, there is the potential for selection
bias, and the parent and child health questionnaires brought
inherent self-report bias. Lastly, the 36-item PDBHQ and
31-item CDBHQ may have been too long and burdensome.
Upon observation it appeared that parents and children
might not have answered questions with the same interest
level near the end of the interview. Through the course of
data collection, it was determined that the CDBHQ was not

appropriate for most CYSHCN in this study. If this study
were to continue, only the PDBHQ would be used. A major
revision would be necessary for the CDBHQ if it were to be
used again.

6. Conclusion

To our knowledge, this is the first study conducted in primary
care to examine parent perspectives and community resource
needs to promote physical activity in CYSHCN. Also, this
clinic-based study was conducted with a vulnerable pop-
ulation living in an underserved community. Additionally,
this study contributes to the limited literature documenting
overweight and obesity CYSHCN. Parents identified multiple
resources in their communities to promote physical activity.
PCPs should provide families with anticipatory guidance
and recommendations to find those resources for health
promotion and participation in healthy, active recreation.
PCPs for CYSHCN who use the Complexity Index Scale to
describe their patients should consider adding functional
items to the scale to identify physical activity limitations
and needs for their patients and families to promote healthy
weight and active lifestyles. Physical and occupational ther-
apists working in primary care clinics for CYSHCN should
be included as part of the medical team to provide these
children and families with resources, equipment ideas, and
program ideas to promote healthy participation in physical
activity and active recreation. Resources that were reported as
a “need” in communities should be brought to the attention
of local policy makers, PCPs, and advocates of CYSHCN.
It is important that parents recognize the prevalence of
overweight and obesity in CYSHCN and assist their children
to engage in physical activity for health promotion and
prevention of secondary conditions. Likewise, it is important
that universally accessible community resources are available
to CYSHCN to promote health behaviors.
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The purpose of this study was to compare rates of participation for children (4–9 years of age) with neurodevelopmental disorders
(NDDs) with and without externalizing behavior problems (EBPs) with children without disability and to examine mediators of
the relation between disability and physical activity participation. Data for this study were drawn from Cycle 7 (2006-07) of the
Canadian National Longitudinal Survey of Children and Youth (NLSCY). The frequency of children’s participation in organized
sports or physical activities varied depending on the child’s health condition with children with NDDs and both NDDs and
EBPs participating least in organized sports or physical activities followed by children with EBPs only. In contrast, there were
no statistically significant differences by health group for children’s participation in unorganized sports or physical activities.
These differences remained even after controlling for the effects of other child and family sociodemographic characteristics, except
for children with EBPs only. These findings highlight the importance of considering children’s primary and other existing health
conditions as well as family sociodemographic characteristics in order to better understand the factors that influence participation
in organized physical activities for children with disabilities.

1. Introduction

The advantages of participation in physical activity for chil-
dren are well established, including physical, psychosocial,
and emotional benefits [1, 2]. For children with disabilities
who may experience impairments in mobility, functioning,
and overall well-being, participation in physical activity may
be particularly valuable in that physical activity promotes
physical development and health within a social context [3].
However, children with disabilities may be limited in terms of
motor abilities and social skills, thus impacting their ability
to participate in physical activities. Despite this, specific
physical activity recommendations have been made by the
Canadian Paedeatric Society [4] for certain chronic disease
conditions including juvenile idiopathic arthritis, hemophil-
ia, asthma, and cystic fibrosis, pointing to the recognition
or importance of physical activity for children with chronic
health conditions or disabilities. The purpose of the current
study is to compare rates of participation for children with
neurodevelopmental disorders with and without externaliz-
ing behavior problems with children without disability, and
to examine mediators of the relation between disability and

activity participation. Imms et al. [5] and King et al. [6]
found disparate correlates of informal (unorganized) versus
formal (organized) physical activity for children with disabil-
ities, thus these two types of activities were considered sepa-
rately.

Reviews of the physical activity and disability literature
suggest that participation in physical activity is beneficial
for children with disabilities for therapeutic reasons as well
as general physical and social development [7]. Although
disease state and individual capacity must be considered,
the potential benefits of physical activity participation (in-
cluding psychosocial, muscular strength, and cardiovascular
capacity) may offset or even counteract disease progression,
for example, for children with asthma or juvenile idiopathic
arthritis [8]. Physical activity participation might also be
advantageous in minimizing or counteracting secondar-
y health (e.g., diabetes, obesity) and impairments (e.g.,
decreased strength, poor balance) for children with chronic
health conditions [4, 9–11]. Finally, in addition to the
physical benefits, physical activity participation has been
associated with enhanced social identity, including percep-
tions of competence and similarity to peers, enhanced
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self-worth, and strengthening social interaction and bonding
[3].

An NDD is an impairment of the growth and devel-
opment of the central nervous system, emerging in early
development [12] and impacting various domains of func-
tioning, including ambulation, information-processing, self-
regulation, and communication [13]. Examples of NDDs
include cerebral palsy, intellectual disability, and autism
spectrum disorder. In Canada, 6% of children between the
ages of 4 to 11 years were found to have an NDD [14].
Children with an NDD are also at greater risk of developing
emotional and behavioral problems compared to their peers
[15, 16]. Over half (55%) of Canadian children with an
NDD were also found to exhibit one or more externalizing
behavior problems (EBPs) [14]. EBPs refer to a group of
behavior problems that are manifested in children’s outward
behavior [17] such as conduct disorder/physical aggression,
indirect aggression, and hyperactivity-inattention problems.

While an abundance of information is available regarding
rates of physical activity participation for children in general
[1, 18, 19], less is known about rates of participation for
children with disabilities specifically. Children with disabil-
ities are less likely to engage in physical activity than their
healthy peers [4, 10, 11, 20] and much of the literature
on physical activity and disability has focused on children
with cerebral palsy (CP) as it is the most common form of
childhood disability [11, 21–23]. Bjornson and colleagues
[21] found that children aged 8 to 13 years with CP took
fewer steps per day (as measured by accelerometry) and were
less active overall than typically developing peers. These dif-
ferences were attenuated by gross motor ability, such that
the highest functioning individuals (according to the Gross
Motor Function Classification System, GMFCS [24]) were
more similar to children with typical development [21].

Using data from a national Canadian disability survey,
Kowalchuk and Crompton [25] found that 63% of Canadian
children with disabilities (those who had difficulties with
daily living activities or those for whom a physical or mental
condition or health problem reduced activities) engaged in
organized sport or physical activity, most of whom were
doing so at least once per week. These results are higher than
those reported by Longmuir and Bar-Or [26] who found that
within their clinical sample of Canadian children, 47% of
those with a chronic medical condition (e.g., kidney disease,
hearing impairment) and 26% of those with a physical
disability (including CP, brain injury, spina bifida, and
muscular dystrophy) were physically active. Unfortunately,
this study did not include a control/comparison group.
Differences in these reported rates of participation are likely
due to differences in the sample characteristics (e.g., the age
of the study participants), the identification of disabilities,
and broad definitions of physical activity. For instance, in
Kowalchuk and Crompton’s study, children were considered
to be active (versus inactive) if they had participated in any
organized sport or activity in the past 12 months, regard-
less of frequency, whereas Longmuir and Bar-Or created
three categories of activity (active, moderately active, and
sedentary) based on frequency, intensity, and duration of
activities.

Children with comorbid conditions such as a physical
disability and communication deficits may be at further risk
of reduced physical activity participation [27]. This would
suggest that research considers not only the complexity of
the individual’s medical or social impairment, but also any
additional conditions which may impede participation in
physical activity. While the general literature on EBPs and
physical activity has not shown a link between EBPs such
as aggression and sports participation [28, 29], to our
knowledge, there are no existing studies that have investi-
gated physical activity participation for children with NDDs
with and without EBPs.

In addition to a lower amount of physical activity, chil-
dren with disabilities tend to partake in different types of
activities, particularly lower intensity activities, than their
healthy peers [20, 30]. Despite recent advances in specific
programs such as Special Olympics or Paralympic Games,
children with physical disabilities may have fewer opportu-
nities to engage in formal, organized activities, in particular
competitive or elite sports contexts [3]. Some evidence has
suggested that children with disabilities participate in pre-
dominantly informal, home-based activities [23, 31, 32]
and are less inclined to participate in physical-based leisure
activities as compared to social, recreational, or self-improve-
ment type activities [22].

While much is known regarding the barriers and facilitat-
ing conditions of physical activity for children and youth in
general [33], relatively few studies have examined barriers or
facilitators to participation in physical activity for children
with disabilities [23, 32, 34]. The identification of such
factors may help inform recommendations for identifying
resources and/or strategies for increasing opportunities and
rates of participation for children with disabilities. For exam-
ple, previous work on children with CP specifically has sug-
gested that low parental education [11] and lower parental
income [32] are associated with less participation in physical
activity. Physical ability, often measured as gross motor
function, has also been associated with participation such
that better motor function has been associated with greater
active-physical leisure time activity [5, 20, 23]. Similarly,
Longmuir and Bar-Or [26] found that physical activity level
varied dramatically by disability type, with those having
more severe impairments being less likely to participate than
those with less severe impairments. Moreover, Kowalchuk
and Crompton [25] found that participation in physical ac-
tivity was more likely if the child had a physical (70%) or
nonphysical (69%) disability (e.g., learning disability), as
compared to both physical and nonphysical (59%), and if the
severity was mild (70%) as compared to very severe (45%).
However, these differences in physical activity participation
did not remain statistically significant once sociodemo-
graphic correlates were considered, suggesting that child or
family characteristics (including child age, family income,
and barriers to participation) were stronger determinants of
participation than type or severity of disability. Identification
of any comorbid conditions is thus an important considera-
tion.

Other characteristics have also been examined as poten-
tial correlates of participation. Unlike findings in the typical
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child development literature whereby boys are more likely to
engage in physical activity than are girls [33, 35], an effect
of gender has not typically been shown for participation in
physical activity for children with disabilities [5, 6, 11, 20, 22,
26]. In one study, however, Law and colleagues [31] found
that boys were more likely to participate in active physical
activities than were girls (aged 6–14), as were children of
dual-parent families as compared to single-parent families.
Moreover, age is a potential determinant, with young (i.e.,
age 5 [11]) and older (age 17 [20]) children being less likely
to be active than children in the mid-age range (ages 7 and
11, resp.). In the typical child development literature, access
to recreational facilities has also been associated with physical
activity participation [36].

Previous research on physical activity for children with
disabilities has thus been limited by (i) a focus on children
with CP, (ii) inconsistent definitions of physical activity, (iii)
lack of control groups (i.e., comparisons to healthy children),
and (iv) the omission of other comorbid conditions such as
EBPs. The current study examines rates of participation in
physical activity for children with NDDs living in Canada. In
Canada, children’s participation in physical activities often
occurs outside of the school setting. The advantages of the
present study include the use of a population-based set
of data, a noncategorical definition of disability including
NDDs with and without EBPs, comparisons with a control
group of children without disability, and an examination of
both organized and unorganized physical activity participa-
tion. Our study seeks to address two questions: (1) Are there
differences in participation in organized and/or unorganized
physical activity for children with NDDs, with and without
EBPs, compared to children without disability?, and (2)
What sociodemographic characteristics mediate differences
between NDDs, EBPs, both NDDs and EBPs, and children
without disability?

2. Materials and Methods

2.1. Data Source and Sample. Data for this study were drawn
from Cycle 7 (2006-07) of the Canadian National Longitudi-
nal Survey of Children and Youth (NLSCY), a longitudinal
study of the physical and social development of Canadian
children from birth into adulthood. The NLSCY, jointly
conducted by Human Resources and Skills Development
Canada (HRSDC) and Statistics Canada, started in 1994 and
was repeated biennially. The first cohort of children who
participated in the survey was between the ages of 0 to
11 years. The person most knowledgeable (PMK) of the
child provided information on the participant child as well
as information about him/herself, and his/her spouse or
partner by completing a series of questionnaires in the
household. The surveys were completed using computer-
assisted interviewing (CAI) methods (either via personal
interviewing in the household or telephone interviewing).
In 90% of cases, the PMK was the biological mother of the
child. In this study, the PMK will be referred to hereafter as
the parent.

In 1994-1995, a total of 22,831 children were propor-
tionally sampled from all areas of the country excluding
children living in institutional settings and residing in Yukon,
Nunavut, Northwest Territories, and First Nations reserves
[37]. The cross-sectional sample for this study consisted of
children who were between 4 and 9 years of age in Cycle 7
(2006-07); this was the most recent cycle in which all relevant
variables were available.

2.2. Measures

2.2.1. Child Health Groups. The classification of child health
consisted of four groups: (a) children with an NDD only
(NDD), (b) children with an EBP only (EBP), (c) children
with both an NDD and an EBP (BOTH), and (d) children
who had neither a chronic condition (including an NDD or
an EBP) nor an activity limitation (HEALTHY). The pres-
ence of an NDD in children was identified using a checklist of
chronic conditions diagnosed by a health professional. Four
parent-reported chronic conditions, including epilepsy, CP,
intellectual disability, and a learning disability, were used for
this definition, and 423 (3.4%) children were identified as
having an NDD. This definition has been used in previous
research [14, 38, 39]. It should be noted that approximately
ten children were missing information required to identify
the presence of an NDD and were, therefore, excluded
from the sample. In addition, on the questionnaire, the
term mental handicap was used to represent an intellectual
disability.

The presence of an EBP was identified using a parent-
reported child behavior rating scale, with items derived
from the Child Behavior Checklist (CBCL [40]) and mod-
ified for Canadian children. Three EBP scales were used:
hyperactivity-inattention (8 items, Cronbach’s alpha = .87
[41]; for example, “How often would you say that [child’s
name] cannot sit still, is restless or hyperactive?”), physical
aggression-conduct disorder (6 items, Cronbach’s alpha =
.89; for example, “How often would you say that [child]
gets into many fights?”), and indirect aggression (5 items,
Cronbach’s alpha = .82; for example, “How often would you
say that [child] when mad at someone, tries to get others
to dislike that person?”). Each item was scored on a 3-point
scale ranging from 0 (never or not true) to 2 (often or very
true). Consistent with our previous work [14, 38], children
were considered to have an EBP if at least one of their scores
on the three EBP scales was two standard deviations above
the mean or greater. A total of 1520 (12.3%) children were
identified as having an EBP using these criteria. None of the
children in the sample had missing information required to
identify an EBP.

To identify children without disability (HEALTHY
group), we used two exclusion criteria: (1) presence of an-
other (non-NDD) chronic condition (a long-term condi-
tion diagnosed by a health professional, such as a heart con-
dition, asthma, kidney disease, bronchitis, and diabetes), (2)
limitation in activities (due to asthma or any other activi-ty
limitations at home, at child care, at school, or other set-
tings). There were 3266 children who had a long-term
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condition and/or activity limitation and thus were excluded
from the group of children without disability (HEALTHY
group).

After the final classification of child health into four
groups (N = 9119), there were 286 children in the NDD
group, 1382 children in the EBP group, 137 children in the
BOTH group, and 7314 children in the HEALTHY group.
Approximately 25% of children in the NDD group were
reported to have activity limitations at home and almost half
of these children were reported to have limitations in “other”
activities, including activities at child care or at school, and
transportation or sports and games. Only 4.2% of children
in the EBP group were found to have activity limitations at
home and 8% of them had limitations in “other” activities.
The percentages of children with activity limitations were
higher in the BOTH group of children compared to the other
groups. Approximately 43% of children who had both an
NDD and EBP were found to have activity limitations at
home and 63% of them were reported to have limitations in
“other” settings and activities.

2.2.2. Sociodemographic Characteristics. Two other child
characteristics were considered: child age (0 = preschool-
age (4-5 years old), 1 = school-age (6–9 years old)), and sex
(0 = male; 1 = female). In addition, four family character-
istics were included in the analyses: single parent (0 = no;
1 = yes), parent’s educational attainment (0 = less than
or equal to high school education; 1 = greater than high
school education), household income (0 = low income; 1 =
moderate income; 2 = high income), and child living in a
census metropolitan area (CMA) or census agglomeration
(CA) using 2006 Census of Canada code (0 = no; 1 = yes).
Living in a CMA or CA was used to identify areas expected to
have higher access to services (i.e., higher populated areas).

The measure of household income was based on a
comparison between parents’ report of an estimate of their
household income and the low income cutoff (LICO) score
established by Statistics Canada. The LICO indicates an
income level at which a family will likely spend a greater
portion of its income on basic needs such as food, clothing,
and shelter than does an average family of similar size [42].
An income-to-LICO ratio of less than 1 is generally defined
as living in low income. In this study, a household income-
to-LICO ratio equal to or greater than 1 but less than 2 was
defined as moderate income, while an income-to-LICO ratio
equal to or greater than 2 was defined as high income.

According to information on 2006 Standard Geographi-
cal Classification (SGC) developed by Statistics Canada [43],
a CMA is a standard geographical entity consisting of an
urban core, including several adjacent urban and rural areas
that have a high degree of social and economic integration
with that urban core. A CMA must have a population of at
least 100,000 with an urban core of 50,000. To form a CA,
the urban core must have a population of at least 10,000. It
should be noted that if the population of the urban core of a
CA declines below 10,000, the CA is retired. However, once
an area is defined as a CMA, it is retained as a CMA even if
its population declines below 100,000.

2.2.3. Outcome Variables. Two outcome variables were con-
sidered: children’s participation in organized sports or phys-
ical activities and children’s participation in unorganized
sports or physical activities in the last year. The variable
on organized sports or physical activities was based on two
items from the survey, which asked parents to indicate how
often the child had taken part in (a) sports with a coach
or instructor (except dance, gymnastics or martial arts)
in the past 12 months, and (b) lessons or instruction in
other organized physical activities with a coach or instructor
such as dance, gymnastics or martial arts in the past 12
months. Response options for both items range from 1
(most days) to 5 (almost never). Similar to previous research
[44], a composite item was created to indicate children’s
participation in organized sports or physical activities in
the last year, which was dichotomized (0 = about once a
month or almost never; 1 = about once a week or more)
due to skewness in responses. The second outcome variable
was also a parent-reported item that assessed how often
the child had taken part in unorganized sports or physical
activities without a coach or instructor. The response scale
was similar to the organized sports or physical activities
outcome variable, and for the same reason (i.e., skewness),
the responses were dichotomized to represent children’s
participation in unorganized sports or physical activities at
least once a week versus about once a month or almost never.

2.3. Data Analysis. First, we calculated descriptive statistics
(i.e., percentages) for each variable. Second, we conducted
chi-square tests to examine group differences with the ref-
erence group being children without disability (i.e., children
in the HEALTHY group), including group differences in
participation in organized and/or unorganized physical ac-
tivity for children with NDDs, with and without EBPs, com-
pared to children without disability. The next set of analyses
included a series of logistic regressions. In Model 1, we ex-
amined the associations between child health group and
participation in organized sports or physical activities. In
Model 2, we examined these associations after controlling for
the effects of other child characteristics (i.e., age and sex). In
Model 3, we included family sociodemographic character-
istics in addition to the child characteristics and examined
whether these factors played a role in explaining the rela-
tionships between child health group and participation in
organized sports or physical activities. Moreover, we con-
ducted contrast analyses to determine whether there were
significant differences in beta coefficients among the child
health groups. Finally, we performed additional logistic
regression analyses, where we examined the effects of each
variable separately, to determine what sociodemographic
characteristics mediate differences between NDDs, EBPs,
both NDDs and EBPs, and children without disability. All
analyses were weighted and bootstrapped to account for
complex survey design [45].

3. Results

Descriptive statistics for the total sample and for each child
health group are presented in Table 1. Children in the NDD,
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Table 1: Descriptive statistics of all study variables.

Characteristics (%)
Overall

N = 9119
NDD
n = 286

EBP
n = 1382

BOTH
n = 137

HEALTHY
n = 7314

Child is school-aged 67 83∗ 69 89∗ 66

Child is male 49 65∗ 53∗ 73∗ 48

Child lives with a single parent 14 24∗ 19∗ 24∗ 13

Parent’s educational
attainment (>high school)

72 61∗ 68∗ 54∗ 74

Household income

Low income 15 24∗ 20∗ 28∗ 14

Moderate income 35 37 38∗ 27 34

High income 50 39∗ 42∗ 45 52

Child lives in a CMA or CA 81 82 80 83 81

Child participates in
organized sports or physical
activities at least once a week

70 55∗ 66∗ 50∗ 71

Child participates in
unorganized sports or physical
activities at least once a week

71 73 72 63 71

∗
The superscript indicates group differences, with the reference group being HEALTHY at the P < .05 level.

CMA: census metropolitan area. CA: census agglomeration.
Source: National Longitudinal Survey of Children and Youth 2006-2007, Statistics Canada.

Table 2: Summary of results from logistic regression analyses predicting children’s participation in organized sports or physical activities
(N = 9119).

Variables
Model 1 Model 2 Model 3

OR 95% C.I. OR 95% C.I. OR 95% C.I.

NDD .49∗∗∗ .34–.71 .42∗∗∗ .29–.60 .50∗∗∗ .34–.72

EBP .79∗ .66–.95 .76∗∗ .64–.92 .90 .74–1.10

BOTH .40∗∗∗ .25–.63 .32∗∗∗ .20–.51 .39∗∗∗ .22–.67

HEALTHY Ref Ref Ref

Child is school-aged 2.09∗∗∗ 1.80–2.43 2.31∗∗∗ 1.96–2.73

Child is boy 1.06 .92–1.21 1.07 .92–1.24

Child lives with a single parent 1.03 .84–1.27

Parent’s educational
attainment (>high school)

2.48∗∗∗ 2.12–2.89

Household income

Low income .48∗∗∗ .39–.60

Moderate income Ref

High income 2.32∗∗∗ 1.97–2.74

Child lives in a CMA or CA 1.39∗∗∗ 1.19–1.63

Ref: the reference group. CMA: census metropolitan area. CA: census agglomeration.
Note. All reported values are odd ratios (OR) with 95% confidence intervals (CI).
∗P < .05. ∗∗P < .01. ∗∗∗P < .001.
Source: National Longitudinal Survey of Children and Youth 2006-2007, Statistics Canada.

EBP, and BOTH groups were more likely to be boys, live
with a single parent, have a parent with less than or equal to
high school education, and live in a low income household.
Moreover, children in the NDD and BOTH groups were
more likely to be school-age children as compared to children
in the HEALTHY group. Consistent with our previous work
[14, 38], these findings suggested some sociodemographic
differences among the child health groups.

Regarding participation in sports or physical activity,
children in the NDD, EBP, and BOTH groups were sig-
nificantly less likely to participate in organized sports or
physical activities than children in the HEALTHY group
(see Table 1). This finding was particularly striking for the
BOTH group; whereas more than 70% of children in the
HEALTHY group participated in organized sports or physical
activities at least once a week, only half of children in the
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BOTH group, and slightly more than half (55%) of the
children in the NDD group participated in organized sports
or physical activities at least once a week. This was followed
by children in the EBP group (66%). In contrast, there were
no statistically significant differences by health group for
children’s participation in unorganized sports or physical
activities. It should be noted that because we did not find any
statistically significant differences in children’s participation
in unorganized sports or physical activities, this variable was
not analyzed further.

The results from the logistic regression analyses are sum-
marized in Table 2. Consistent with our comparison analyses,
the results from Model 1 indicated that children in the
NDD, EBP, and BOTH groups were less likely to participate
in organized sports or physical activities as compared to
children in the HEALTHY group. The findings from the
contrast analyses suggested that the independent effect of
being in the NDD and BOTH groups was similar (Wald
F = .50,P > .05), while the independent effect of being
in the EBP group was significantly lower than that for
children in the NDD (Wald F = 5.69,P < .05) and BOTH
(Wald F = 7.80,P < .05) groups. These findings suggest
that the association between children’s participation in
organized sports or physical activities is stronger for children
in the NDD and BOTH group than the EBP group, with these
children reporting significantly less participation in orga-
nized sports or physical activities as compared to children in
the HEALTHY group.

The findings from Model 2 suggested that the asso-
ciations between child health group and participation in
organized sports or physical activities in Model 1 remained
statistically significant even after controlling for the effects
of child age and sex. As expected, child age, but not sex,
was significantly associated with participation in organized
sports or physical activities. That is, school-age children had
twice the odds (OR = 2.09,P < .001) of participating in
organized sports or physical activities as compared to pre-
school-age children. This finding suggests that the child’s
health condition (NDD, EBP, BOTH) is associated with orga-
nized sports or physical activities over and above the effect of
child age.

The results from Model 3 indicated that children in the
NDD and BOTH groups were less likely to participate in
organized sports or physical activities at least once a week
over and above the effects of other child and family socio-
demographic characteristics, including parental education,
household income, and the child living in a CMA or CA.
Interestingly, child EBP condition was no longer significantly
associated with participation in organized sports or physical
activities (OR = .90,P > .05) when controlling for socio-
demographic characteristics. Furthermore, school-age chil-
dren (OR = 2.31,P < .001), children who have a parent with
greater than high school education (OR = 2.48,P < .001),
who live in a high income family (OR = 2.32,P < .001), and
in a CMA or CA (OR = 1.39,P < .001) were more likely to
participate in organized sports or physical activities at least
once a week.

We conducted additional logistic regression analyses,
where each variable was examined separately, to determine

which factors mediated the relationship between child health
condition and participation. The findings indicated that par-
ent’s educational attainment and household income played
a role in mediating the association between child EBP con-
dition and participation in organized sports or physical
activities.

Overall, these findings indicate that by comparison chil-
dren in the NDD and BOTH groups were less likely to
participate in organized sports or physical activities even
after controlling for the effects of other child and family
sociodemographic characteristics. In contrast, the likelihood
of participation in organized sports or physical activities for
children in the EBP group was no longer statistically different
than children in the HEALTHY group after accounting for
the differences in other child and family sociodemographic
characteristics. A similar pattern to the first set of contrast
analyses was found. Specifically, the independent effect of
being in the NDD and BOTH groups was similar (Wald
F = .61,P > .05), while the independent effect of being
in the EBP group was significantly lower than that for
children in the NDD (Wald F = 7.96,P < .01) and BOTH
(Wald F = 8.80,P < .01) groups. These findings suggest
that, even after controlling for the effects of other child
and family sociodemographic characteristics, the association
between children’s participation in organized sports or
physical activities is stronger for children in the NDD and
BOTH group, with these children reporting significantly less
participation in organized sports or physical activities as
compared to children in the HEALTHY group.

4. Discussion

This study used a population-based Canadian survey to
examine the physical activity participation of children with
NDDs with and without EBPs as compared to children
without disability. The results revealed that children with
both NDDs and EBPs, possibly representing more “complex”
health challenges, were the least likely to participate in
organized physical activity, followed by children with NDDs
(although the NDD group did not differ significantly from
the BOTH group) and then those with EBPs as compared to
children without disability.

It is possible that children with varying degrees of
disability have fewer opportunities or less time to participate
in organized physical activity [3], or that children with
complex disabilities are less likely to be capable or feel
competent in organized activities. However, the fact that
children in the comorbid NDD and EBP group as well as the
NDD group participated less than children without disability
supports previous research that has found a link between
severity of condition and activity participation [25, 27].
Severity of the condition (including the presence of a co-
morbid condition) may be particularly relevant in organized
activity participation which requires formal motor skills and
expertise, for example, the ability to manipulate a ball in
many organized sports. Disability type has also previously
been associated with children’s perceptions of fitness, with
those children with physical disabilities less likely to perceive
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themselves as fit as their peers than those with a chronic med-
ical condition [26]. Perceptions of fitness may then translate
into different selection of activities, including reduced partic-
ipation in organized physical activities.

However, differences in physical activity participation
were demonstrated for organized but not unorganized
physical activities. For unorganized physical activities, the
majority of each group participated and no differences in
participation rates were found in comparison to children
without disability. This is in line with previous research
suggesting that children with CP are more likely to engage in
informal, rather than formal, physical activities [23, 31, 32].
The findings might be explained by the fact that informal
activities may be more easily adapted and rules more flexible
to allow for increased participation so that children with
disabilities are at less of a disadvantage than is the case
for formal, organized, and perhaps competitive, physical
activities. Certainly, environmental barriers such as lack of
adequate space and adapted activities which accommodate
children’s needs may be less of a concern with informal
(or unorganized) types of activities [32]. There are certainly
differences that need to be considered concerning availability
of unorganized physical activity. For example, in Canada,
children tend to participate in privately organized program-
ming (e.g., sports clubs and organizations); however, in the
United States of America (USA), many children participate
in privately and federally-funded after-school programming
[46].

The findings from the present study also point to other
important factors that have an impact on the physical activity
participation of children with disabilities, namely, of family
sociodemographics. Although parent sociodemographic fac-
tors were associated with physical activity participation, they
did not mediate associations of NDDs with or without EBPs
and physical activity, perhaps pointing to the importance of
other characteristics such as severity and motor functioning.
However, parental sociodemographic characteristics did have
an impact on the likelihood of participation for children with
EBPs. The likelihood of participation in organized physical
activities for children with EBPs who were of school age,
lived in a CMA or CA, and had parents with higher levels
of education and income, was no different than for children
without disability. It is beyond the scope of the present study
to speculate on the reasons for this but factors such as living
in a CMA or CA and parental socio-economic resources
may allow for differences in opportunities, programs, and
environments conducive to the participation of children with
EPBs.

However, for children with an NDD and those with both
an NDD and an EBP, parent sociodemographic character-
istics did not fully mediate the child health effects on the
probability of participation in organized physical activity.
These findings suggest that lower levels of participation for
children with an NDD and both an NDD and EBP were not
explained by sociodemographic characteristics measured in
the current study. Findings from other international studies
have suggested possible explanatory factors regarding partic-
ipation in physical activity for children with disabilities. For
example, gross motor function was shown to be a significant

predictor of overall physical activity for Australian youth
(aged 11–17) with CP, with those with higher levels of gross
motor impairment being less likely to participate [20]. In
addition, other research has suggested that child and family
preferences for activity, family factors (such as cohesion),
and environmental conditions (including babysitting or
transportation) may be directly or indirectly associated with
physical activity participation for children with disabilities
[6, 32, 34]. These measures were not included in the present
study as they were not available in the NLSCY and thus
could not be considered. Yet, it is important to realize that
factors relating not only the child but also to the family and
the environment are associated with participation in physical
activities for children with disabilities.

Strengths of this study include the use of a population-
based sample of children which allowed us to include
children with NDDs both with and without EBPs as well as
an age-matched comparison group of children who had no
chronic conditions or activity limitations. Previous research
has been limited by small, sometimes condition-specific
samples [5], with a particular focus on children with CP.
We were also able to report rates of participation separately
for organized as well as unorganized activities. Despite
these strengths, limitations of the study include limited
information on the severity of the child’s condition and
motor functioning, availability of appropriate activities (e.g.,
adapted activities), and measures of the physical environ-
ment which may impact opportunities for participation [6,
32, 34]. Finally, although a national study, sample sizes were
too small to examine other questions such as the interaction
effects (e.g., between gender and child health group) on
physical activity participation.

We were also somewhat limited by the measure of
physical activity included in the NLSCY survey. Although
parent or self-reported items are frequently used in national
surveys collecting physical activity information, there are
limitations associated with this type of data such as reporting
bias and respondent definitions of organized and unorga-
nized activities. In addition, the parent-reported measure of
physical activity included in the NLSCY does not include
information about intensity, with whom the activity was
performed, or preferences for activity (as does the Children’s
Assessment of Participation and Enjoyment (CAPE)), which is
used in many other studies of physical activity in children or
youth with disabilities [5, 6].

5. Conclusions

These findings have implications for practice and research,
both within Canada and internationally. Specifically, our
results highlight the importance of considering children’s
primary and other existing health conditions as well as
family sociodemographic characteristics in order to better
understand the factors that influence participation in orga-
nized physical activities. Our results also suggest that the
largest differences in participation for children with health
conditions is for organized and not unorganized physical
activities. Policies aimed at increasing participation rates of
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children with health conditions could focus on facilitating
and increasing participation in organized physical activity
and for some children such as those experiencing EBPs,
ensuring that cost and availability are not barriers to access.
While results from the current study suggest that Canadian
children with an NDD and those with an NDD and an EBP
are less likely to engage in organized physical activity than are
their peers without disability, they are no less likely to engage
in unorganized physical activity.
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