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The association between physical activity and health has been clearly established, and the

promotion of physical activity should be viewed as a cost-effective approach that is univer-

sally prescribed as a first-line treatment for nearly every chronic disease. Health care provi-

ders involved in the care for individuals with cerebral palsy (CP) are encouraged to take an

active role in promoting their health and well-being. Balancing activity behaviours across the

whole day, with improved physical activity, reduced sedentary time, and healthy sleep beha-

viours, can set up infants, preschool-, and school-aged children with CP for a healthy trajec-

tory across their lifetime. However, most clinicians do not apply a systematic surveillance,

assessment, and management approach to detect problems with physical activity or sleep in

children with CP. Consequently, many children with CP miss out on an important first line of

treatment. This article presents an evidence-informed clinical practice guide with practical

pointers to help practitioners in detecting 24-hour activity problems as a critical step towards

adoption of healthy lifestyle behaviours for children with CP that provide long-term health

benefits.

During childhood the body’s physical and cognitive devel-
opment are rapid, and the attitudes and habits formed at
an early age can set the stage for the child’s health in later
life. Therefore, promoting an active lifestyle early on is key
for optimal development and includes engaging in physical
activity as well as minimizing sedentary behaviour. Owing
to several factors, children with cerebral palsy (CP) usually
have low levels of physical activity and spend prolonged
times sitting.1 Given the high prevalence of inactive life-
styles and the concomitant risk of chronic health condi-
tions in adults with CP, it is no surprise that recently
published guidelines for children with CP are informed by
the health implications of physical activity and sedentary
behaviour.1

However, these recommendations might not be enough to
optimize health and development. For typically developing
children, there has been a recent shift towards healthy activ-
ity throughout the whole day. Referred to as the 24-hour
movement guidelines, the recommendations acknowledge
that the entire activity continuum should be considered,
which, in addition to physical activity and sedentary beha-
viour, also includes sleep.2 A child’s 24-hour day can be
spent in several activity domains. This means that a day

could be divided into time spent sleeping, being sedentary,
or being physically active at different intensities, while there
is never a time when a child is not engaging in one of these
activities. In other words, if time spent in one activity is
increased, there is less time available in the day for the
remaining activity domains. For example, 1 hour of sleep
may be lost to compensate for an extra hour of sedentary
behaviour, or, alternatively, for an extra hour of physical
activity. In both examples the hour of sleep has been
exchanged for another activity domain by exactly the same
duration, but the two scenarios are likely to be quite differ-
ent in their health implications. What may sound like a small
shift in behaviour could have a significant long-term impact
on a child’s health trajectory; hence, the importance in con-
sidering the whole-day activity pattern for children.

Emerging literature demonstrates a positive association
between meeting the recommended hours of sleep and
positive (brain) health outcomes in typically developing
children, including global cognition.3 Healthy sleep seems
especially important for more vulnerable children, yet the
prevalence of sleep problems in children with CP is high.4

Following ‘the whole day matters’ philosophy, we need to
adopt a proactive approach to ensure adequate hours of
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uninterrupted sleep in children with CP. The relation
between physical activity and sleep is probably bidirec-
tional where both acute and regular physical activity can
improve sleep,5,6 and sleep duration and quality may like-
wise influence physical activity behaviour.7 Getting ade-
quate sleep helps typically developing children to feel
energized in the morning and participate fully in their
school day and after-school activities. It allows them to be
creative, play sports, socialize with friends, and be active
during the day—which in turn helps children to sleep bet-
ter. Exercise-based interventions promote sleep efficiency
and duration in the general population regardless of the
mode and intensity of the activity,8 yet the effects of such
interventions in children with CP may be less predictable.
Although sleep-time recommendations will probably be
beneficial for all children with CP, they seem especially
promising for those who are classified in Gross Motor
Function Classification System (GMFCS) levels IV and V,
who have limited capabilities and opportunities to be active
in the moderate to vigorous activity spectrum of the move-
ment continuum. Optimizing their sleep quality and quan-
tity might be an effective intervention for lifetime health
promotion, in particular when combined with the physical
activity recommendations.

In summary, a balanced interplay between optimal yet
feasible proportions of activity behaviours throughout the
day (i.e. limited sitting, increased physical activity, and
enough sleep) is recommended for a healthy life for all
children; hence, the importance of adopting the 24-hour
activity guideline approach for children with CP. Key to
promoting physical activity in the clinical setting is the use
of tools in which every child’s 24-hour habits are routinely
assessed and recorded in their medical record. Those not
meeting the recommendations, and their families, should
be supported to optimize their 24-hour activity levels and
sleep pattern.

THE ROLE OF PAEDIATRIC (RE)HABILITATION
The time is now to open a window of opportunity for 24-
hour activity assessment to be integrated into routine
health care practice for children with CP. Paediatric physi-
atrists, (developmental) paediatricians, and other clinicians
involved in the care of children with CP are particularly
well-positioned to address physical inactivity and sleep
problems, because they often have an established relation-
ship and routine with children with CP and their parents
or primary caregivers. By incorporating physical activity
across the 24-hour activity continuum as a recognized vital
sign (similar to height and weight), it can be documented
and tracked routinely over time, facilitating meaningful
and personalized counselling initiatives.

Surveillance of sleep and physical activity problems
Although inquiring about sleep is widely advised in paedi-
atric health care,9 sleep problems are still under-reported
and under-recognized in children with CP.10 A recent
qualitative study among parents of children with CP found

that health care professionals rarely ask them about sleep
issues during clinical encounters, and parents expressed a
strong wish for sleep to receive more attention in paedi-
atric rehabilitation settings.11 In addition, it is known that
the physical inactivity and sedentary behaviour levels of
children with CP are high and that these may require fur-
ther attention to preserve and enhance their health and
well-being/development.1

Therefore, implementation of an assessment tool within a
routine follow-up or monitoring clinic is a good first option
for clinicians interested in 24-hour activity. We advocate a
brief checklist with useful questions for discussing physical
activity and sleep in children with CP. This checklist needs
to be practical and feasible to implement in clinical practice.
For a recent innovation project, we have developed a 24-
hour activity checklist, specifically for children with CP
(Table S1, online supporting information). This tool
includes questions carefully designed to determine whether
a more thorough evaluation for a particular problem is war-
ranted. Parents can complete the checklist at home before
their appointment with the health care provider.

DEVELOPMENT OF THE 24-HOUR ACTIVITY
CHECKLIST
For surveillance, clinicians need to be able to ask the right
questions to recognize the signs of paediatric physical
activity and sleep problems. Questions must be more speci-
fic than quickly asking parents whether their child has
trouble being physically active or sleeping. For example,
more than half of parents who have a child with a sleep
disorder will deny such problems when asked directly using
a general question only,12 whereas others may be unaware
of what is normal or problematic sleep.9

For the questions related to sleep, a detailed description
of the steps required for the development of paediatric
sleep questionnaires was outlined by Spruyt and Gozal.13

The initial steps are important in providing evidence of
content validity, namely the extent to which the question-
naire measures the intended construct and is appropriate
for its intended use. Our 24-hour activity checklist assesses
the occurrence of different types of physical activity and
sleep problems that are not necessarily correlated (i.e. a
formative model); therefore, analysis about structural valid-
ity and internal consistency is not relevant and subse-
quently not reported for this checklist.14

Exploratory interviews
Before the development of the checklist, 18 parents of chil-
dren with CP (GMFCS levels I–V, aged 2–15y) were inter-
viewed to explore their current situation, concerns, and
needs about the care for sleep11 and physical activity of

What this paper adds
• The 24-hour activity checklist detects problems in children with cerebral

palsy (CP).

• A CP-specific infographic facilitates effective 24-hour activity counselling and
education.
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their child, to gain an initial understanding of the areas
within the 24-hour activity spectrum that warrant attention
from a parental perspective.

Item generation and content review
For children with CP, Capio et al.15 have systematically
reviewed the literature on physical activity assessment mea-
sures, including questionnaires. Unfortunately, the current
physical activity measurement tools are not practical for
implementation in routine care. Specifically, for children
with CP, the feasibility of existing questionnaires is limited
owing to their length and the time required for the parents
to complete them, as well as for the clinician to evaluate
them.16 Moreover, existing instruments have not included
sedentary behaviour (as part of physical activity) nor consid-
ered sleep to be part of the (24-hour) physical activity spec-
trum. Using questions from previously validated
questionnaires developed for other paediatric populations,
such as the Family Nutrition and Physical Activity screening
tool,17 and physical activity recommendations for children
with CP,1 we have applied a structured approach with inter-
views involving both health professionals and parents of chil-
dren with CP to adapt items and construct the new
checklist. Existing paediatric sleep questionnaires were iden-
tified through literature review and reviewed by our project
steering group with various backgrounds (i.e. paediatric
rehabilitation, biomedical sciences, [paediatric] physical
therapy, experts in the field of exercise physiology and sleep
medicine, neonatology, and parenting). The steering group
consisted of three researchers (aged 30–54y), seven clinicians
(aged 38–60y), and three parents (aged 34–48y) to identify a
range of questions, which related to symptoms relevant to
identifying sleep problems in children with CP. We
searched for questionnaires that could be used for children
with CP across all ability levels. The following question-
naires were identified: the BEARS sleep screening tool,18,19

the Sleep Disturbance Scale for Children,20 the Paediatric
Sleep Questionnaire,21 and the Children’s Sleep Habits
Questionnaire.22 These questionnaires have all been previ-
ously used in a variety of children with CP, and some have
been validated in typically developing paediatric populations
against objective measures, such as polysomnography.23 The
health care professionals and parents liked the brief, simple
nature of the BEARS sleep screening tool. The questions in
the sleep section of the checklist were therefore based on
items of the BEARS and supplemented with questions that
could be more relevant for children with CP, such as pain/
discomfort during the night. After examining existing ques-
tionnaires within the project steering group, relevant items
were selected along with a response format (based on the
Sleep Disturbance Scale for Children) that would be appro-
priate for all questions. A ‘don’t know’ option was added to
help avoid non-response. The addition of a ‘don’t know’
option can introduce some challenges to the interpretation
and scoring of responses. However, since our aim was to
develop a checklist (and not an outcome instrument), this
was not considered a problem.

Focus group
A focus group with three parents of children with CP (in
GMFCS level I [aged 3y], level III [aged 8y], and level V
[aged 12y]) was organized to discuss the developed check-
list and, if necessary, modify the phrasing of the instruc-
tions and questions. Parents indicated that the checklist
should also acknowledge parental sleep, which ultimately
resulted in a checklist with 10 questions related to the
sleep of the child and three questions related to the sleep
of parents (each with an open-ended question with room
for remarks, questions, or concerns that parents might have
had). In addition, parents valued the importance of incor-
porating questions for the children who were able to
understand items such as how they thought they slept, and
whether they thought being physically active was fun; these
child-oriented items were therefore added to the pilot
checklist.

CLINICAL EXPERIENCES AND IMPLICATIONS
In our innovation project, we have observed some clinical
implications of the 24-hour activity checklist, its use by
clinicians, and its contributions to the care of children and
their families.

After 12 months of pilot testing in three health care set-
tings with quarterly evaluation meetings, we received
mostly positive written feedback from participating parents
(n=79; a response rate of 80% in a consecutive sample of
patients) about usability, content, and clarity of the check-
list. Their children represented a cross-section of those
with CP regarding their GMFCS levels (I–V) and ages (0–
12y). In addition, verbal feedback was collected from pae-
diatric physiatrists and developmental paediatricians in var-
ious settings: a children’s hospital (n=1), a school for
special education (n=2), and a rehabilitation centre (n=6) in
the Netherlands, about the use and applicability of the
checklist in the clinical setting. The feedback and experi-
ences of parents and clinicians can be summarized as fol-
lows. (1) The checklist, which was filled out by parents at
home before their visit to the health care setting, was clear
and easy to answer for parents. However, for some chil-
dren it was not possible to answer the child-oriented ques-
tions (e.g. the children were too young or unable to
understand/answer). The children who were capable of fill-
ing out the child-specific questions were very enthusiastic
that they were asked about these issues. (2) On average, it
took between 5 and 10 minutes to fill out the checklist,
which was considered acceptable by all parents and chil-
dren. (3) The paediatric physiatrists indicated that the
questions yielded sufficient information related to physical
activity and sleep to make an informed decision. (4)
Reviewing and interpreting the checklist took clinicians no
more than 2 minutes. (5) The checklist led to increased
awareness and discussions with parents about 24-hour
activity behaviours. The fact that the parents filled out the
checklist at home before the consultation resulted in a
more prepared doctor’s visit; parents thought about possi-
ble consequences of not having enough activity throughout
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the day and the relation with their complaints. This facili-
tated the conversation between parents and health care
professionals. In some cases, the appointments took longer
than before implementation of the checklist. However, this
was not considered a problem because the issues that were
important for parents were now addressed. This process
greatly increased the likelihood of identifying problems
related to 24-hour activities among children with CP, with
referrals to specialized sleep clinics. (6) The findings were
encouraging and made us decide to continue to keep the
checklist in its current form, with additional instructions
related to the questions for the child. See Table S1 for the
final checklist.

Given that counselling on sleep can be time-consuming
and clinicians often feel incompetent to address sleep prob-
lems properly once encountered, many paediatric clinicians
may inadvertently overlook sleep concerns.24 Moreover,
many parents do not routinely share information about
their child’s sleep,10 urging the need for incorporating
questions about sleep into routine health assessment for
children of all ages. Health care professionals are encour-
aged to proactively ask patients (and their caregivers) ques-
tions about their 24-hour activity levels, and to provide
specific counselling to assist with accessibility strategies for
physical activity as well as suggestions for activity/exercise
prescription and better sleep. Routine surveillance once a
year using the checklist developed specifically for children
with CP is a first step in the 24-hour activity approach for
this group of children. We have noticed that counselling
serves as an approach to increase awareness of the 24-hour
continuum. For counselling and management, it is impor-
tant that the clinician first informs parents of children with
CP who have problems, or who are at risk of them, about
the importance of sleep and physical activity, and educates
them about the consequences that can occur if sleep or
physical activity problems are not addressed. Follow-up
assessment needs to be performed when appropriate.

At present the 24-hour activity checklist does not come
with a validated algorithm or clinical care pathway. That
said, clinicians are encouraged to take a common-sense
approach to determining the likelihood of a child (or par-
ents) having one or more problems with sleep or physical
activity. In other words, every question that has been
answered negatively could be interpreted as a ‘red flag’
requiring follow-up. For example, an endorsement of snor-
ing on most days of the week (often or always) is suggestive
and might be an indication to look for signs of obstructive
sleep apnoea. In this situation, one single question will lead
to the suspicion of a serious problem that should result in
additional assessment. In case more than one question has
been answered negatively, the clinician’s confidence that the
child has a sleep problem requiring further investigation will
probably increase. In our innovation project we used the fol-
lowing rule of thumb: once the paediatric physiatrist deter-
mined that there was a probability of one sleep or physical
activity problem, the child was then referred for a compre-
hensive sleep or physical activity evaluation, respectively.

It is important to realize that the evaluation of sleep or
physical activity problems requires a more thorough his-
tory of the child’s 24-hour routine with a focus on bedtime
habits, night-time behaviour, naps, and daytime physical
activity behaviour. This information can be obtained
through (some form of) daily logs. Because of their easy
accessibility and usability, such diaries may prove suitable
for clinicians who are interested in physical activity and
sleep duration, sleep schedule, and sleep-related behaviours
and interactions. However, when the focus is on sleep
quality or sleep architecture, more sophisticated measures
such as 24-hour actigraphy for sleep and physical activity25

serve as a more reliable choice for those interested in
objective physical activity and sleep assessment for
extended periods in the child’s natural environment.

To make 24-hour activity recommendations simpler
both for clinicians to use and for parents (and children) to
understand, we created an infographic (see Fig. S1, online
supporting information). This infographic was created by
an expert committee, including researchers, experts in the
field of physical activity and sleep medicine, physicians,
and parents. To improve inclusivity of the infographic, an
additional round of feedback from parents of children with
more severe CP, namely those in GMFCS levels IV and V,
was undertaken. The primary goal of this infographic is to
facilitate effective 24-hour activity counselling and educa-
tion for parents and professionals in paediatric health care.
A recently published study explored how parents of chil-
dren and young people with disabilities perceive the Cana-
dian 24-hour Movement Guidelines for Children and
Youth.26 The results of this study indicate that although
mothers of children and young people with disabilities
have positive perceptions of the concept of the guidelines,
the guideline recommendations and the brand messaging
strategy are not inclusive or compatible with the abilities,
needs, and previous experiences of children and young
people with disabilities.26 It is important to realize that
these guidelines are not based on any evidence specific to
these children and young people. The guidelines that we
present in this infographic are based on CP-specific physi-
cal activity recommendations,1 use the generally accepted
sleep recommendations,2 and take into account the sugges-
tions to increase inclusivity by Handler et al.26 We call on
everyone with responsibility for the care of young children
with CP to join us in educating and empowering parents
and clinicians on the importance of the 24-hour activity
approach for this group of children. This infographic
should be used at every available opportunity to help all
children with CP achieve the recommendations, and
develop well and healthily.

In a recent study27 it has been shown that transitioning
from a seated to a standing position contributes to the
accumulation of light activity and reduces sedentary beha-
viour. This activity might be a feasible option for children
with CP who are classified in GMFCS levels IV and V.
However, for most clinicians this type of counselling for
patients who need to increase physical activity is not
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routine practice, even though breaking up sedentary beha-
viour is generally accepted as an intervention. For more
activities that can be used to increase the physical activity
levels of children with CP, we highlight the Ability
Toolkit, developed by Handler et al.28 This Toolkit (avail-
able at https://cdpp.ca/resources-and-publications/ability-
toolkit) is a resource for children and young people with a
disability, and is meant to supplement the 24-hour move-
ment guidelines for typically developing children, similar
to the guidelines for children with CP. The Ability Toolkit
provides information relevant to adapting the guidelines to
the unique movement abilities of children or teenagers
with any type of disability. Some information may be espe-
cially useful for parents and guardians of children and
teenagers with CP.

Unfortunately, there are limited data available on thera-
peutic approaches related to sleep in children with CP.29

However, a good starting point would be to promote good
sleep hygiene.30 Sleep hygiene is defined as a set of sleep-
related behaviours that expose children to cues and activi-
ties that prepare them for and promote appropriately timed
and effective sleep.31 These sleep promotion practices are
grouped into four categories:30 (1) environmental (e.g. bed-
room temperature and blackout curtains); (2) scheduling
(e.g. regular bed- and wake-times); (3) sleep practices (e.g.
a relaxing bedtime routine, limiting screen time before
bed); and (4) physiological (e.g. regular exercise and light
exposure during the day).

Since successful management of chronic sleep disruption
may decrease family stress and improve child functioning
and development, it is timely for health care professionals
who work with children and young people with CP and
other developmental disabilities to change practice by
using the 24-hour activity checklist as a springboard for
meaningful conversations. Despite the emphasis in the lit-
erature on physical activity over the past 10 years, recom-
mendations for physical activity are only beginning to be
applied by health care practitioners.32 We hope this 24-
hour activity checklist will accelerate change of practice.

Moving forward with the 24-hour activity checklist
In the past, clinical practice guidelines have been viewed as
static documents. However, the science that informs clini-
cal decision making continues to evolve. In this case, where
the science related to sleep and physical activity in children
with CP is rapidly evolving, guideline creation should best
be viewed as a continuous improvement process with new
studies reviewed and graded as they become available. It is
important to realize that the checklist is based on the cur-
rently available literature and developed in co-creation

with parents and researchers. Although the checklist has
been well received it does need further validation. Never-
theless, we hope that health care professionals will start
using and incorporate the 24-hour activity checklist into
routine health assessment, experiment with and learn from
its use, and provide us with feedback for continued
improvement.

CONCLUSION
In the care for children with CP there is little attention to
healthy development through a 24-hour approach. So,
despite the emerging literature on the importance of a 24-
hour activity approach, there is a knowledge-to-action gap
in this area for children with CP and their families. Tools
such as the proposed 24-hour activity checklist, have the
potential to contribute to increasing awareness and chang-
ing practice.

Having an easy-to-use tool to identify problems within
the 24-hour activity continuum is only one step in the
process of identifying and resolving paediatric sleep and
physical activity problems in children with CP and their
families. Once the results indicate a high probability of a
problem, clinicians need to be prepared for follow-up
with counselling and a management plan. Often a multi-
or interdisciplinary approach is essential, including medi-
cal specialists (sleep expertise, exercise medicine, child
neurology, pain specialists) as well as service providers
(including physical, occupational, and recreational thera-
pists) and psychosocial expertise (developmental beha-
vioural therapists, child life, early childhood educators,
psychologists, social workers). It is hoped that a system-
atic integration of 24-hour physical activity and sleep
assessment into clinical settings can effectively identify a
large population of at-risk patients and act as a facilitator
for comprehensive management as part of a broader-based
strategy to increase adoption of healthy lifestyle beha-
viours for children with CP.
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Figure S1: The 24-hour activity guidelines infographic.
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