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Physical activity and sedentary
behavior among ambulatory
children with cerebral palsy
using accelerometer: a
cross-sectional study
Njoud Aydhah Alamoudi, Maha F. Algabbani*,
Muhammad O. Al-Heizan and Adel A. Alhusaini

Department of Health Rehabilitation Sciences, College of Applied Medical Sciences, King Saud
University, Riyadh, Saudi Arabia
Background and objective: Physical activity (PA) is paramount for childhood
development and growth. However, children diagnosed with Cerebral Palsy
(CP) were often considered sedentary, and their physical inactivity was
associated with adverse health conditions and complications. Therefore, this
study aimed to objectively describe and compare the PA levels and SB levels
of children with and without CP of the same age group. It also studied the
factors correlating with PA, SB, and step count per day in children with CP.
Subjects and methods: A cross-sectional study using a wrist-worn accelerometer
was conducted. PA and SB were measured over seven consecutive days.
Results: Eighty-five children aged 6–12 years, consisting of 41 children with
CP and 44 TD children, participated in this study with a mean age of 9.18 ±
1.95 and 8.45 ± 1.78 years, respectively. According to the gross functional
measures, 53.6% of children with CP were classified as first classification. A
significant amount of time was spent in SB and Light PA (LPA) by children
with CP compared to TD children, and no significant differences were
observed in moderate PA (MPA) or step count. Gender mainly affected MPA
as girls spent more time in MPA than boys. The age, height, and weight of
children with CP correlate significantly with SB. As children’s age, height,
and weight increase, SB increases. Additionally, children with higher weights
have lower step counts per day.
Conclusion: This study showed that children with CP spend more time in LPA
and SB than typically developed children. Therefore, concerted efforts are
needed to encourage physical activity and reduce the sedentary lifestyle, to
take into account the gender and anthropometric measures of children to
enhance the quality of life among children with CP, and to consider gender
and anthropometric measures of the children.
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1 Introduction

Cerebral palsy (CP) is a neurological disorder that affects movement and coordination,

resulting from damage or abnormalities to the central nervous system, usually occurring

before, during, or shortly after birth (1, 2). It is considered one of the most common

motor disabilities among children. CP types include spastic, dyskinetic, ataxic, and
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mixed CP (1, 2). Moreover, Children with CP can be classified

according to their functional level using the Gross Motor

Function Classification System (GMFCS) (3).

Children with CP may experience difficulty with motor skills,

balance, and posture, which may have an adverse effect on their

overall health and well-being (4, 5). Regular physical activity

(PA) is one aspect of maintaining a healthy lifestyle for children

with CP. PA is crucial in enhancing physical fitness, promoting

muscular strength, improving flexibility, sleeping quality, and

reducing the risk of obesity and other health issues (6–9).

Moreover, the negative consequences of inactivity and sedentary

lifestyles are already evident during the developmental ages

(10, 11) and continue into adulthood (12, 13). In addition,

inactivity may lead to low self-esteem and lower academic

achievement among school-aged children and adolescents (5–17

years of age) (14, 15). However, children with CP may face

unique challenges when participating in physical activities (16, 17).

Physical activity (PA) is “any form of skeletal muscle

movement that results in energy expenditure” (18). A moderate

to vigorous physical activity (MVPA) of at least 60 min a day is

highly recommended by the World Health Organization (WHO)

for children between the ages of 5 and 17 (19). Based on energy

expenditure, physical activity is divided into three categories:

(1) Light Physical Activity (LPA), (2) Moderate Physical Activity

(MPA), and (3) Vigorous Physical Activity (VPA). Sedentary

behavior (SB) refers to waking behaviors characterized by a lower

energy expenditure than 1.5 METS (physical intensity units)

during sitting, reclining, or lying (19). Further, several step-count

guidelines recommend that children walk 12,000 steps daily (20).

This recommendation emphasizes the need for children to move

regularly throughout their day.

According to a study by Molina-Cantero et al. in Spain, only

17.6% of children with CP meet physical activity recommendations

that decrease with age and are not affected by gender (21). Another

study conducted in Ireland showed that ambulant children with CP

(GMFCS I-III) aged 6–10 years spent more sedentary time and less

time in PA than their TD children (22). Further, Obeid et al.

reported that ambulant youth with CP aged 8–17 years in Canada

spend more sedentary time than their peers (23). In another study,

Janzen et al. examined the PA levels of ambulatory children and

adolescents with CP and their typically developing peers, finding

that individuals with CP had lower MVPA than those without CP

(24). According to Ginis et al., people with disabilities are 16%–

62% less likely to meet prescribed PA levels and are more likely to

develop health problems (25). Despite the well-documented health

benefits of performing daily physical activity, there needs to be

more data allowing us to determine the child’s level of physical

activity in Saudi Arabia.

A recent study conducted by Alghamdi and Alsaigh to evaluate

the physical activity level among children with disability in Saudi

based on an online survey showed that there is less physical

activity among children with disabilities compared to their peers

who are typically developing (26). The most available data on

large-scale physical activity assessments are based on self-

reported measures, a method with validity and reliability issues.

In addition, all studies focused on typically developing children
Frontiers in Pediatrics 02
(27), while no studies have been conducted on children with CP.

Objective measures of physical activity may provide valid and

reliable estimates of physical activity and are available for use in

large-scale assessments of physical activity (28).

Regular monitoring of physical activity levels and sedentary

behavior in children is crucial to provide valuable insights into

children’s overall health and well-being. It helps to identify

trends, patterns, and disparities among different groups of

children, such as socioeconomic status, gender, or clinical

characteristics. It is important to answer the following

questions: What is the level of physical activity and sedentary

behavior in children with cerebral palsy? What is the

difference between physical activity and sedentary behavior in

children with and without cerebral palsy? What factors affect

PA, SB, and step count in cerebral palsy children? We

hypothesized that the level of physical activity and sedentary

behavior in children with CP would be significantly lower than

that of TD children. This information can be used to develop

targeted interventions and strategies to address the specific

needs of children and ensure equal access to physical activity

opportunities. Therefore, this study aimed to objectively

describe and compare LPA, MPA, VPA, and SB in children

with and without CP aged 6–12 years old and to study the

factors that correlate with PA, SB, and step count per day in

children with cerebral palsy.
2 Methods

2.1 Study design, setting and sampling
methods

A cross-sectional quantitative descriptive study was conducted

in this study. Children with CP were voluntarily recruited from the

rehabilitation departments at the Disabled Children Association

(DCA) and the Prince Sultan Military Medical City (PSMMC) in

Riyadh, Saudi Arabia. The in-charge therapist in rehabilitation

departments provided a list of eligible children. The principal

investigator contacted parents of eligible children by phone or

email with an invitation letter. Children with CP were recruited

using a convenience sample (Participants were selected based on

their accessibility or availability. The TD group was recruited

using a snowball sampling method (Recruitment occurs by

asking existing participants for recommendations of additional

participants who meet the same criteria.). The study was

conducted from September 2020 to February 2021.
2.2 Institutional review board statement

Permission for the study was granted by the research ethics

committee in King Saud University (E-19-4520) in the 3rd of

February 2020 and Prince Sultan Medical Military City

(PSMMC) (HP-01-R079) in the 14th of September, 2020, and

Permission for the study was granted by the Disabled Children’s

Association (DCA).
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2.3 Informed consent statement

The participants’ parents were given a detailed explanation of

the study protocol. Once all questions had been answered, the

parents were satisfied. We obtained written consent forms from

the parents and legal guardians of the children and assent forms

from the participants before beginning the study.
2.4 Participants

The study included children with CP who were: (1) aged 6–12

years old, (2) diagnosed with spastic cerebral palsy, and (3) had a

GMFCS level of I: Walk without limitations but with some

difficulty with balance and coordination, II: walk independently

but may require assistive devices such as crutches or walkers, or

III: Can walk with assistive devices but may need more support

and assistance (3). Children who had Botox injections for lower

extremities within the last three months. Children with recent

surgical interventions for lower extremities, such as soft tissue

releases within six months, had vision impairment, had an

uncontrolled seizure, had a musculoskeletal injury, had

cardiopulmonary disease, or were unable to follow simple

instructions were excluded. The study included typically

developing children ages 6–12 (without visual impairment,

neurological condition, musculoskeletal injury, cardiopulmonary

disease, or recent trauma) of the same age group as the CP children.
2.5 Sample size

The sample size was calculated using power analysis software

(G*Power, version 3.1.9.4) (29). Using a one-tailed test for the

difference between two independent groups, with a large effect

size (d = 0.8) (22, 30), α=0.05, and a power of 0.95, a total

sample of 70 participants with two equal-sized groups of n = 35

was required. In addition, a 20% estimated dropout rate was added.
2.6 Data collection

Data were collected by the same principal investigator in all cases.

2.6.1 Characteristics of sociographic,
anthropometry, and clinical characteristics of
participants

The parents filled out a data collection sheet to report

sociodemographic data. Typically developing children and

children with CP with no skeletal deformities were measured by

standing against a wall-mounted tape measure. When skeletal

deformities exist, such as flexion deformities of the lower legs

(29), height is estimated using segmental measurements based on

the knee height equation, where height (cm) = [2.69 × knee height

(cm)] + 24.2 (30). The height was measured to the nearest

0.1 cm. Using a mechanical scale (Detecto balance beam scale)

(31–33), the child’s weight was measured to the nearest 0.1 kg
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while barefoot. A mechanical chair scale was used to measure the

weight of those children with GMFCS level III (33). Body mass

index (BMI) was calculated according to the following formula:

BMI ¼ Weight (kg)
Height squared(m2)

BMI percentile was measured using an online calculator on the

website https://www.cdc.gov. The child’s height, weight, sex,

Georgian measurement date, and Georgian birth date (34). Clinical

information was obtained from the parents and from the medical file.
2.6.2 Physical activity levels, sedentary behaviour
and step count per day

Accelerometer model wGT3X-BT (ActiGraph, Pensacola, FL,

2013) was used to measure children’s PA and SB objectively

(35, 36). ActiGraph is a small device (4.6 cm×3.3 cm×1.5 cm),

lightweight (19 grams), and battery-powered. The motion sensor

was designed to detect accelerations in 3 axes [horizontal (x),

vertical (y), and Perpendicular (z)]; it could record acceleration

data at rates ranging from 30 to 100 Hertz and store it in epoch

lengths from 1 to 240 s (37–39). Using ActiLife 6 Data Analysis

Software, participants’ height, weight, gender, and date of birth

were recorded. A 60-second epoch-length file was used to

calculate PA (LPA, MPA, and VPA) and SB times in minutes

from raw data collected by the accelerometer. Additionally, the

step count was recorded and used as an indicator of PA level (40).
2.7 Procedures

To obtain the most valid datasets, the accelerometer was

instructed to be worn for seven days (school days were five and

weekends were two) (37) and at the same time of year (middle of

academic year). Considering that the accelerometer is not water-

resistant, it was instructed to be removed only when the child is

exposed to water (such as when washing or swimming) (37). For

the accelerometer dataset included in this study, a minimum wear

time of 8 h (480 min) per day for four days, including a weekend,

was deemed valid, as this met the criteria for inclusion in the

International Children’s Accelerometry Database (41).

A standardized procedure was used to initialize the ActiGraph

before it was given to a child. This initialization was conducted

with the child’s code number, sex, height, weight, date of birth,

and race; “Limb” was set to the wrist, and “Side” to the non-

dominant hand (42). The monitor was processed in an epoch

length of 10 s to capture very short bouts of movement due to

the sporadic activity of participants (29, 37, 43). Also, short

epoch lengths increased the resolution of the measurement (44).

For increased compliance, a strap was used to secure the device

around each participant’s non-dominant wrist, proximal to their

ulnar and radial styloid (45, 46). Accelerometers worn on the

wrist are more sensitive to upper body movement, which is

considered to be a significant component of children’s physical

activity [Fairclough et al., (45)].
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After receiving the accelerometer and activity diary one week

later, the principal investigator downloaded the ActiGraph data

from the sensor monitor using the ActiLife software and stored it

in the file for further analysis.
2.8 Statistical analysis

Statistical Package for Social Studies (SPSS) Version 29 for

Windows (IBM SPSS, Armonk, NY, USA) was used for analysis.

Shapiro-Wilk tests were used to determine whether the data

distribution was normal. For normally distributed continuous

data, means and standard deviations are presented, whereas, for

non-normally distributed continuous data, medians and

interquartile ranges are presented. Data from categorical variables

are described using frequencies and percentages.

In order to assess differences between the CP and the TD

groups in sociodemographic and anthropometric variables, the

Mann-Whitney U-test or independent sample t-test for

continuous variables were applied according to the distribution

of data. The chi-square test was applied to categorical variables

(Fisher’s exact test if the count is less than five).

This study utilized a two-way multivariate analysis of

covariance (MANCOVA) to examine the effects of group,

gender, and the interaction of group with gender on the variables

PA, SB, and step count with age as a covariate.

The relationship of PA, SB, and step count per day with the

sociodemographic, anthropometric, and clinical characteristics of

children in CP group variables were studied using Superman’s
FIGURE 1

The flow diagram of the participants.
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rank correlation (for continuous data) or the Eta test (nominal

with continuous data). Correlation interrupted as no or very

weak correlation, <.1; weak,.1–.3; moderate,.4–.6; strong,.7–.8;

and a perfect correlation = 1 (47).
3 Results

Out of the 103 participants recruited for this study, Data were

not available for 17 children, and one child with CP refused to

wear the ActiGraph (The flow diagram is shown in Figure 1). This

analysis included 85 children, 41 with CP (20 males) and 44 with

TD (20 males), with a mean age of 8.83 ± 1.90 years old; all

children were enrolled in school. The height data were normally

distributed; otherwise, all continuous variables were not normally

distributed. All PA scores and step counts were normally distributed.
3.1 Characteristics of the participants

Table 1 shows the sociodemographic and anthropometric of the

participants as well as the differences between the two groups. In

spite of no significant differences in age or gender (p = .11, p = .76,

respectively), typically developing children had higher heights,

weights, and BMI scores (P < .05). None of the children were

involved in a regular physical activity program. Vehicles were used

by both groups for the main transportation with no significant

differences. A significant number of children with CP lived on the

ground floor compared to children with TD. The education level
frontiersin.org
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TABLE 1 Participants’ sociodemographic and anthropometric characteristics
and the statistical differences between CP group and TD group.

Variable CP
group
N= 41

TD
group
N= 44

p
value*

Age (years)
Median (1st, 3rd quartiles)

8.44
(6.78, 9.48)

9.19
(7.15, 10.79)

.11a

Height in cm
Mean ± SD

121 ± 57 131.83 ± 13.8 <.001b

Weight in kg
Median (1st, 3rd quartiles)

20.00 (18,25) 28.50
(21.00, 39)

<.001a

Body mass index in kg/m2

Median (1st, 3rd quartiles)
15.12

(14.16, 16,37)
16.80

(14.08, 20,38)
.04a

Gender N (%) Boys 20 (48.8%) 20 (45.5%) .76c

Girls 21 (51.2%) 24 (54.5%)

Transportation
methods N (%)

Vehicle transportation 39 (95.1%) 42 (95.5%) .93d

Pedestrian
transportation

2 (4.9) 2 (4.5%)

Accommodation
level N (%)

Ground floor 37 (90.2%) 26 (59.1%) <.001d

first or second floor 4 (9.8%) 18 (40.9%)

Mother’s
education N (%)

High school or less 26 (63.4%) 17 (38.6%) .02c

Bachelor or higher 15 (36.6%) 27 (61.4%)

Father’s
education N (%)

High school or less 22 (53.7%) 21 (47.7%) .59c

Bachelor or higher 19 (46.3%) 23 (52.3%)

Income per
month N (%)

<9,000 SR 23 (56.1%) 26 (59.1%) .78c

>9,000 SR 18 (43.9%) 18 (40.9%)

N, number of participants; CP, cerebral palsy; TD, typically developing; cm, centimetre; kg,

kilogram;%, percentage.
aMann–Whitney U-test.
bIndependent t-test.
cPerson Chi-square test.
dFisher’s exact test.
*Significant at level p < .05.
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of mothers of children with CP was a significantly lower than of

mothers of TD children (p = .02). while the education level of

fathers was not significantly different (p = .59). Families’ incomes

did not differ significantly between the two groups.
3.2 Clinical characteristic of children with CP

The clinical characteristics of children with CP were: 22 children

(53.7%) were classified as GMFCS level I, seven children (17.1%)

classified as GMFCS level II, and 12 (29.3%) children were classified

as GMFCS III. Among children with CP, 12 (29.4%) were

hemiplegic, 27 (65.9%) were diaplegic, and two (4.9%) were

quadriplegic. Twelve (29.3%) use a walker, and 29 (70.7%) walk

independently. There are 17 (41.5%) individuals who wear only
TABLE 2 Descriptive statistics for PA variables.

Variables CP group

Girls
N= 21

Boys
N= 20

Total
N = 41

Girl
N = 2

SB (min/day) 830 ± 90 847 ± 139 838 ± 115 770 ±

LPA (min/day) 78 ± 17 80 ± 18 79 ± 17 69 ±

MPA (min/day) 379 ± 87 361 ± 106 370 ± 96 394 ±

Step count per day 8,929 ± 2,917 9,406 ± 2,884 9,162 ± 2,875 9,504 ±

Data presented as mean ± standard deviation. SB, sedentary behaviour; LPA, light physical activity

children; N, number of participants.
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medical shoes and 24 (58.5%) individuals who wear medical shoes

with different AFOs and heel raises.
3.3 Physical activity (PA) data in TD and CP
children

Both children with CP and children with TD wore the

ActiGraph wGT3X-BT for a median time of seven days and for a

mean duration of 6.9 ± 0.7 h and 6.9 ± 0.4 h per day, respectively.

6 (14.6%) of children with CP and 7 (15.9%) of the TD children

exceeded the recommended step count per day, but none of the

children reported any VPA, meaning that none met the

recommended PA level. Table 2 shows descriptive data for PA,

SB, and step count. The MANCOVA test revealed that there was

a main effect of group in SB and LPA (children with CP spent

significant more time in the SB and LPA), and there was a main

effect of gender on MVA where girls spent more time in MPA

than boys. There was no interaction between group and gender

on physical activity, sedentary behavior, and step count (Table 3).
3.4 The correlation of PA, SB, and step
count with sociodemographic,
anthropometric, and clinical characteristic
in children with cerebral palsy

Eta test showed very weak correlation of SB, LPA, MPA, and step

count per day with gender (Eta = .08,.07,.09,.08, respectively) and very

weak to weak correlation with type of CP (Eta = .09,.20,.13,.31,

respectively) and very week correlation with type of walking aids

(Eta = .01,.14,.01,.12, respectively). On the other hand, Table 4 shows

the other variables. Age, height, and weight moderately positively

correlate with SB and negatively with MPA, indicating that the SB

increases and MPA decreases with an increase in the children’s age,

height, and weight. No other correlation with the other variables was

observed (Table 4).
4 Discussion

Children with and without CP aged 6–12 were evaluated

objectively for PA level and SB. A comparison between their

results supported our hypothesis that children with CP spend less

time in physical activity.
TD group Total

s
4

Boys
N= 20

Total
N= 44

Girls
N= 45

Boys
N= 40

82 826 ± 91 796 ± 90 798 ± 90 836 ± 116

8 66 ± 7 67 ± 8 73 ± 14 73 ± 15

86 331 ± 82 365 ± 89 387 ± 85 346 ± 95

2,433 9,176 ± 2,693 9,355 ± 2,529 9,236 ± 2,655 9,291 ± 2,757

; MPA, moderate physical activity; CP, children with Cerebral palsy; TD, typically developing
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TABLE 4 Correlation of PA, SB, and step count with sociodemographic,
anthropometric, and clinical characteristic in children with cerebral palsy.

Variables SB LPA MPA Step count per day
Age (years) .43** .02 −.44** −.12
Height in cm .49** .06 −40** −.29
Weight in kg .44** −.09 −.44** −.37**
Body mass index in kg/m2 .19 .04 −.16 −.15
GMFCS −.19 .05 .03 −.18
Accommodation level .01 −.03 −.11 −.04
Mother’s education −.08 .24 .06 .03

Father’s education .12 .12 −.08 −.02
Income per month .09 .00 .08 .20

SB, sedentary behaviour; LPA, light physical activity; MPA, moderate physical activity; cm,

centimetre; Kg, kilogram; m2, meter square; GMFCS, gross motor functional classifications.

**Significant differences P < .001 based on Spearman’s rank correlation.

TABLE 3 The MANCOVA for the main effects of group and gender and the interaction of group and gender on physical activity, sedentary behavior and
step count.

Source Dependent variable df F Sig. pη2 95% CI for difference Observed power

Lower bound Upper bound
Group SB 1 7.657 .007 .09 16 99 .78

LPA 1 15.477 <.001 .162 6 17 .97

MPA 1 .154 .696 .002 −44 30 .06

Step count per day 1 .719 .399 .009 −1,654 666 .13

Gender SB 3.525 .064 .042 −79 2 .46

LPA .010 .921 .000 −5 6 .05

MPA 5.365 .023 .063 6 78 .63

Step count per day .005 .943 .000 −1,177 1,095 .05

Group × Gender SB .399 .530 .005 – – .09

LPA 1.086 .301 .013 – – .18

MPA .861 .356 .011 – – .15

Step count per day .246 .622 .003 – – .08

SB, sedentary behaviour; LPA, light physical activity; MPA, moderate physical activity; df, degrees of freedom, F, F-value, Sig., significance level (<.05); pη2, partial eta-squared; CI,
confidence interval.
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In this study, children with and without CP did not meet the

recommended levels of physical activity, spending most of their

time on SB, and only a small percentage achieved the

recommended daily step count. These results were consistent with

other national (48–50) and international (51–53) studies that

reported that the majority of children with and without disability

fail to meet the recommended physical activity level. Many factors

can explain the persistence of lower physical activity worldwide.

The increasing prevalence of sedentary lifestyles and reliance on

electronic devices may contributed to the lack of physical activity

among children (54). Moreover, Parental engagement and support

also play a crucial role in ensuring that children meet the

recommended physical activity level (55). Many parents fail to

prioritize physical activity in their children’s lives, either due to

work commitments, lack of time, or misconceptions regarding its

importance. The social and cultural context in which children grow

up can also affect their physical activity levels (56).

A significant amount of time was spent in SB and LPA by

children with CP compared to TD children, and no significant

differences were observed in MPA or step count. The results of this

study are in agreement with previous international studies that

used accelerometry to compare the PA between children with and
Frontiers in Pediatrics 06
without CP (22, 57–59). In the literature, several studies found that

children with CP spent more time in sedentary behavior compared

to typically developed children (22, 23, 60). A recent study by

Okur et al. (59) compared physical activity using an accelerometer

and activity diary in a sample of 48 children, including 24 children

with CP level I-II and 24 typically developed children aged 6–18

years, and they found that the CP (I-II) spent less time in

moderate PA than typically developed children. This study,

however, found no significant differences between MPA levels in

the two groups of children. Low levels of PA in children with CP

may be due to the limitations imposed by their condition, such as

difficulties with mobility or balance. While no significant

differences were observed in MPA or step count between the two

groups, this does not necessarily mean that children with CP

engage in the same level of moderate-intensity physical activity as

their TD peers; it may be because TD children’s MPA levels are

declining upstream. Various factors may also have to be taken into

account, such as motivational differences and access to appropriate

physical activities. Other Possible explanations for this may be that

the study was conducted during the pandemic coronavirus

(COVID-19) lockdown (social isolation, schools, and clinics

closed); this may have an impact on the typically developed

children’s activity (61). Moreover, the results agree with previous

international studies that used physical activity questionnaires to

compare the PA between children with and without CP (62, 63).

The children with CP had less PA, maybe because the caregivers

commonly thought that children with CP were fragile; therefore, they

may be overprotective to prevent possible injuries (64). In addition,

the researcher thought that children with CP attempt to engage in

physical activity, but their significant developmental problems, such

as balance disturbances, spasticity, and general weakness, might

prevent or limit them from participating in physical activity (33, 65).

Some studies revealed both groups (children with CP and TD)

have similar PA levels (58, 66). For example, a study by Bjornson

et al. using a Step-Watch monitor found that children with CP

in GMFCS level I spent a similar amount of PA as the TD

children (58). Stevens et al. found no difference in the number of
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daily steps between children with CP (GMFCS level I-II) and TD

children aged 4–10 years by using an accelerometer (66). An

explanation for that might be that the sample of children with

CP who have the highest functioning level, classified in GMFCS

levels I-II, walk and tend to be more similar to TD children.

Also, in the current study, the TD children were more

overweight than children with CP, which is consistent with

accumulating evidence that reported that increased time spent in

sedentary behavior is associated with overweight and metabolic

dysfunction in children with typical development (67, 68).

Another explanation may be that families of children with CP are

more sensitive to the adverse effects of sedentary behaviors (SB)

by maintaining the home exercise program of physiotherapy (69).

Furthermore, vigorous physical activity in this study appeared to

be non-existent, which is consistent with previous studies on people

with intellectual disabilities (70–72). This may be due to the fact that

children with CP are unable to achieve the endurance and velocity

required for vigorous activities (59); due to the presence of

spasticity, the muscle’s physiological changes, such as reducing

muscle volume and poor muscle growth, lead to poor force

production (73, 74), then lack of ability to activate maximal

activity in the muscle needed in the vigorous activity (75).

Gender had a main effect on MPA in this study. It was

interesting to find that girls spent more time in MPA than boys

which was contradicted by other previous studies (76, 77). It is

possible that a significant motivator for engaging in physical

activity is body image concerns. Research suggests that girls tend

to be more affected than boys by body image concerns (78). Due

to this self-consciousness about their appearance, they may be

less motivated to engage in physical activity.

The anthropometric measures of children with CP correlated

significantly with SB. As children’s age, height, and weight increase,

SB increases. Additionally, children with higher weights have lower

step counts per day. Firstly, age was a factor that can influence SB

patterns. As children age, they may develop preferences and habits

that increase their sedentary time, and this finding was in line with

other studies for children with and without CP (79–81). This can be

a result of spending more time watching television, playing video

games, or engaging in other forms of screen-based activities. These

activities can provide entertainment and relaxation, but they also

contribute to increased SB. Height and weight (usually associated

with each other) were other factors that can influence SB. Similar to

children without disability, children with increased weight have a

higher likelihood of engaging in sedentary behaviors (82, 83).

Unfortunately, there is a lack of studies exploring the association

between anthropometric measures and PA levels for children with

CP to compare with.

Surprisingly, the clinical characteristics of children with CP, such

as the type of CP and GMFCS level, did not correlate with PA, SB, or

step count per day, unlike in previous studies (21, 84). It is suggested

that other factors that have not been examine in this study CP may

directly influence their ability to participate in physical activity such

as cognitive ability, motivations, and parental support and

encouragement specially (16, 85).

The significantly lower PA levels in children with CP than in

TD children highlight the importance of addressing the PA to
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prevent chronic disease. Study findings may inform programs

designed to enhance PA and decrease SB among both CP and

TD children. To encourage increased physical activity and reduce

sedentary behaviors in this population, public health planners

need to know PA levels in this population (86).

A study of children with CP’s physical activity levels is essential

for assessing their overall health, promoting physical activity, and

developing intervention strategies. While there are challenges,

such as variability and limited reliable assessment tools, the use

of objective measuring tools in this study for Saudi children with

cerebral palsy provides valuable data that enhances the accuracy

of activity level assessment. It provides a consistent, quantifiable

metric that minimizes subjective errors. Thus, more tailored and

effective intervention strategies can be developed, improving the

overall health outcomes of these children.

As a result of using an objective measure (accelerometer),

this study offers several strengths, including reliability, validity,

and quantitative data, but it also has some limitations that

should be taken into account when interpreting the findings.

The sample may not be representative of all Saudi children; it

was limited to Riyadh city. To get more insight and accuracy

of results and comparisons, future studies need to use a larger

sample size that includes GMFCS VI-V and different ages. In

addition, future data collection could include details of school

hours for children with CP and TD. Another important

limitation is that this study was conducted during the

COVID-19 pandemic, which could influence the results.

Future studies should focus on how physical activity can

enhance gross motor proficiency in children with disabilities. By

targeting specific exercises and activities, researchers can identify

the most effective methods to improve motor skills. This could

lead to better-designed programs that significantly boost the

physical capabilities and quality of life for these children.
5 Conclusion

This study is the first study conducted in Saudi Arabia that

used an objective method to measure the PA and SB among

children with CP compared to TD peers. Our study noticed

that LPA and SB among children with CP aged 6–12 years were

higher than TD children. This is an important finding to be

considered by family and healthcare professionals who work

with children with CP since children with CP are at risk of

developing diseases associated with physical inactivity.

Therefore, there is a need for well-designed, preventive health

promotion strategies and interventions to promote physical

activity and physical fitness levels and improve the quality of

life for children with CP.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
frontiersin.org

https://doi.org/10.3389/fped.2024.1463288
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Alamoudi et al. 10.3389/fped.2024.1463288
Ethics statement

The studies involving humans were approved by

Permission for the study was granted by the research ethics

committee in King Saud University (E-19-4520) in the 3rd

of February 2020 and Prince Sultan Medical Military City

(PSMMC) (HP-01-R079) in the 14th of September 2020,

and Permission for the study was granted by the Disabled

Children’s Association (DCA). The studies were conducted

in accordance with the local legislation and institutional

requirements. Written informed consent for participation in

this study was provided by the participants’ legal guardians/

next of kin.
Author contributions

NA: Formal Analysis, Methodology, Writing – original

draft, Writing – review & editing, Conceptualization, Data

curation, Resources. MA: Data curation, Formal Analysis,

Methodology, Resources, Writing – original draft, Writing –

review & editing. MA-H: Formal Analysis, Methodology,

Resources, Writing – original draft, Writing – review &

editing, Data curation. AA: Conceptualization, Data curation,

Formal Analysis, Methodology, Resources, Supervision,

Writing – original draft, Writing – review & editing.
Frontiers in Pediatrics 08
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

Researchers Supporting Project number (RSPD2024R659),
King Saud University, Riyadh, Saudi Arabia.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Bax M, Flodmark O, Tydeman C. The definition and classification of cerebral
palsy. Dev Med Child Neurol. (2007) 49(s109):1–44. doi: 10.1111/j.1469-8749.2007.
00001.x

2. Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano D, et al. A
report: the definition and classification of cerebral palsy April 2006. Dev Med Child
Neurol Suppl. (2007) 109:8–14.

3. Bodkin AW, Robinson C, Perales FP. Reliability and validity of the gross motor
function classification system for cerebral palsy. Pediatr Phys Ther. (2003) 15
(4):247–52. doi: 10.1097/01.PEP.0000096384.19136.02

4. Yun G, Huang M, Cao J, Hu X. Selective motor control correlates with gross
motor ability, functional balance and gait performance in ambulant children with
bilateral spastic cerebral palsy. Gait Posture. (2023) 99:9–13. doi: 10.1016/j.gaitpost.
2022.10.009

5. Patel DR, Neelakantan M, Pandher K, Merrick J. Cerebral palsy in children: a
clinical overview. Transl Pediatr. (2020) 9(Suppl 1):S125. doi: 10.21037/tp.2020.01.01

6. McPhee PG, Verschuren O, Peterson MD, Tang A, Gorter JW. The formula for
health and well-being in individuals with cerebral palsy: cross-sectional data on
physical activity, sleep, and nutrition. Ann Rehabil Med. (2020) 44(4):301–10.
doi: 10.5535/arm.19156

7. Gerritsen A, Hulst RY, van Rijssen IM, Obeid J, Pillen S, Gorter JW, et al. The
temporal and bi-directional relationship between physical activity and sleep in
ambulatory children with cerebral palsy. Disabil Rehabil. (2024) 46(13):2821–7.
doi: 10.1080/09638288.2023.2232720

8. Arruda R, Tassitano RM, Brito A, Martins O, Cabral PC, Antunes M. Physical
activity, sedentary time and nutritional Status in Brazilian children with cerebral
palsy. J Pediatr (Rio J). (2022) 98(3):303–9. doi: 10.1016/j.jped.2021.07.005

9. Valadão P, Cenni F, Piitulainen H, Avela J, Finni T. Effects of the execp
intervention on motor function, muscle strength and joint flexibility in individuals
with cerebral palsy. Med Sci Sports Exercise. (2024) 56(1):1–12. doi: 10.1249/MSS.
0000000000003273

10. Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, et al.
Systematic review of sedentary behaviour and health indicators in school-aged children
and youth. Int J Behav Nutr Phys Act. (2011) 8(1):98. doi: 10.1186/1479-5868-8-98
11. Janssen I, Leblanc AG. Systematic review of the health benefits of physical
activity and fitness in school-aged children and youth. Int J Behav Nutr Phys Act.
(2010) 7:40. doi: 10.1186/1479-5868-7-40

12. Wang K, Li Y, Liu H, Zhang T, Luo J. Can physical activity counteract the
negative effects of sedentary behavior on the physical and mental health of children
and adolescents? A narrative review. Front Public Health. (2024) 12:1412389.
doi: 10.3389/fpubh.2024.1412389

13. Duff SV, Kimbel JD, Grant-Beuttler M, Sukal-Moulton T, Moreau NG, Friel KM.
Lifelong fitness in ambulatory children and adolescents with cerebral palsy ii:
influencing the trajectory. Behavioral Sciences. (2023) 13(6):504. doi: 10.3390/
bs13060504

14. LeBlanc AG, Katzmarzyk PT, Barreira TV, Broyles ST, Chaput J-P, Church TS,
et al. Correlates of total sedentary time and screen time in 9–11 year-old children
around the world: the international study of childhood obesity, lifestyle and the
environment. PLoS One. (2015) 10(6):e0129622. doi: 10.1371/journal.pone.0129622

15. Carson V, Hunter S, Kuzik N, Gray CE, Poitras VJ, Chaput J-P, et al. Systematic
review of sedentary behaviour and health indicators in school-aged children and
youth: an update. Appl Physiol Nutr Metab. (2016) 41(6):S240–S65. doi: 10.1139/
apnm-2015-0630

16. Abid M, Cherni Y, Batcho CS, Traverse E, Lavoie MD, Mercier C. Facilitators
and barriers to participation in physical activities in children and adolescents living
with cerebral palsy: a scoping review. Disabil Rehabil. (2023) 45(25):4322–37.
doi: 10.1080/09638288.2022.2150327

17. Romeo DM, D’Amario G, Brunozzi G, Napoli V, Villa M, Arpaia C, et al. Sports
activities in children with cerebral palsy: a narrative review. Medicina (B Aires). (2024)
60(3):457. doi: 10.3390/medicina60030457

18. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research. Public
Health Rep. (1985) 100(2):126–31.

19. Chaput J-P, Willumsen J, Bull F, Chou R, Ekelund U, Firth J, et al. 2020 Who
guidelines on physical activity and sedentary behaviour for children and adolescents
aged 5–17 years: summary of the evidence. Int J Behav Nutr Phys Act. (2020)
17:1–9. doi: 10.1186/s12966-019-0908-0
frontiersin.org

https://doi.org/10.1111/j.1469-8749.2007.00001.x
https://doi.org/10.1111/j.1469-8749.2007.00001.x
https://doi.org/10.1097/01.PEP.0000096384.19136.02
https://doi.org/10.1016/j.gaitpost.2022.10.009
https://doi.org/10.1016/j.gaitpost.2022.10.009
https://doi.org/10.21037/tp.2020.01.01
https://doi.org/10.5535/arm.19156
https://doi.org/10.1080/09638288.2023.2232720
https://doi.org/10.1016/j.jped.2021.07.005
https://doi.org/10.1249/MSS.0000000000003273
https://doi.org/10.1249/MSS.0000000000003273
https://doi.org/10.1186/1479-5868-8-98
https://doi.org/10.1186/1479-5868-7-40
https://doi.org/10.3389/fpubh.2024.1412389
https://doi.org/10.3390/bs13060504
https://doi.org/10.3390/bs13060504
https://doi.org/10.1371/journal.pone.0129622
https://doi.org/10.1139/apnm-2015-0630
https://doi.org/10.1139/apnm-2015-0630
https://doi.org/10.1080/09638288.2022.2150327
https://doi.org/10.3390/medicina60030457
https://doi.org/10.1186/s12966-019-0908-0
https://doi.org/10.3389/fped.2024.1463288
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Alamoudi et al. 10.3389/fped.2024.1463288
20. Da Silva MP, Fontana FE, Callahan E, Mazzardo O, De Campos W. Step-count
guidelines for children and adolescents: a systematic review. J Phys Act Health. (2015)
12(8):1184–91. doi: 10.1123/jpah.2014-0202

21. Molina-Cantero AJ, Pousada García T, Pacheco-da-Costa S, Lebrato-Vázquez C,
Mendoza-Sagrera A, Meriggi P, et al. Physical activity in cerebral palsy: a current state
study. Healthcare. (2024) 12:535. doi: 10.3390/healthcare12050535

22. Ryan JM, Forde C, Hussey JM, Gormley J. Comparison of patterns of physical
activity and sedentary behavior between children with cerebral palsy and children
with typical development. Phys Ther. (2015) 95(12):1609–16. doi: 10.2522/ptj.
20140337

23. Obeid J, Balemans AC, Noorduyn SG, Gorter JW, Timmons BW. Objectively
measured sedentary time in youth with cerebral palsy compared with age-, sex-,
and season-matched youth who are developing typically: an explorative study. Phys
Ther. (2014) 94(8):1163–7. doi: 10.2522/ptj.20130333

24. Janzen L, Toomey CM, Brunton LK, Condliffe EG, Esau S, Kirton A, et al.
Physical activity levels and adiposity in ambulant children and adolescents with
cerebral palsy compared with their typically developing peers. Pediatr Exerc Sci.
(2023) 35(4):225–31. doi: 10.1123/pes.2022-0064

25. Ginis KAM, van der Ploeg HP, Foster C, Lai B, McBride CB, Ng K, et al.
Participation of people living with disabilities in physical activity: a global
perspective. Lancet. (2021) 398(10298):443–55. doi: 10.1016/S0140-6736(21)
01164-8

26. Alghamdi S, Alsaigh R. Determinants of physical activity among children with
disabilities. Healthcare. (2023) 11:494. doi: 10.3390/healthcare11040494

27. Al-Hazzaa HM. Physical inactivity in Saudi Arabia revisited: a systematic review
of inactivity prevalence and perceived barriers to active living. Int J Health Sci. (2018)
12(6):50.

28. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical
activity in the United States measured by accelerometer. Med Sci Sports Exercise.
(2008) 40(1):181. doi: 10.1249/mss.0b013e31815a51b3

29. Edwardson CL, Gorely T. Epoch length and its effect on physical activity
intensity. Med Sci Sports Exercise. (2010) 42(5):928–34. doi: 10.1249/MSS.
0b013e3181c301f5

30. Lamounier JA, Marteletto NM, Calixto CA, Andrade M, Tibúrcio JD. Stature
estimate of children with cerebral palsy through segmental measures: a systematic
review. Rev Paul Pediatr. (2020) 38:e2018185. doi: 10.1590/1984-0462/2020/38/
2018185

31. Lesi FA, Adekoje T, Ibeabuchi M. Anthropometry of children with cerebral palsy
at the lagos university teaching hospital. J Clin Sci. (2016) 13(3):96–104. doi: 10.4103/
2468-6859.185245

32. Alsubaie ASR. An Epidemiological Investigation of Health–Related Behaviours
among Male High School Adolescents in Riyadh. Saudi Arabia: Newcastle University
(2010).

33. Bell KL, Davies PS. Energy expenditure and physical activity of ambulatory
children with cerebral palsy and of typically developing children. Am J Clin Nutr.
(2010) 92(2):313–9. doi: 10.3945/ajcn.2010.29388

34. Centers Dis Control Prev. Healthy Weight. (2015). Available online at: https://
www.cdc.gov/healthyweight/bmi/calculator.html (cited accessed May 1, 2018).

35. Puyau MR, Adolph AL, Vohra FA, Butte NF. Validation and calibration of
physical activity monitors in children. Obes Res. (2002) 10(3):150–7. doi: 10.1038/
oby.2002.24

36. Trost SG, Pate RR, Freedson PS, Sallis JF, Taylor WC. Using objective physical
activity measures with youth: how many days of monitoring are needed? Med Sci
Sports Exerc. (2000) 32(2):426. doi: 10.1097/00005768-200002000-00025

37. Migueles JH, Cadenas-Sanchez C, Ekelund U, Nyström CD, Mora-Gonzalez J,
Löf M, et al. Accelerometer data collection and processing criteria to assess physical
activity and other outcomes: a systematic review and practical considerations. Sports
Med. (2017) 47(9):1821–45. doi: 10.1007/s40279-017-0716-0

38. Whitaker KM, Gabriel KP, Jacobs Jr DR, Sidney S, Sternfeld B. Comparison of
two generations of actigraph accelerometers: the cardia study. Med Sci Sports Exercise.
(2018) 50(6):1333. doi: 10.1249/MSS.0000000000001568

39. ActiGraph L. Gt3x+ and Wgt3x+ Device Manual. Pensacola, FL: Actigraph, LLC
(2013).

40. Actigraph Wearable Devices (Wgt3x-Bt). (2020). Available online at: https://
actigraphcorp.com/actigraph-wgt3x-bt/ (accessed July 02, 2024).

41. Sherar LB, Griew P, Esliger DW, Cooper AR, Ekelund U, Judge K, et al.
International children’s accelerometry database (icad): design and methods. BMC
Public Health. (2011) 11(1):1–13. doi: 10.1186/1471-2458-11-485

42. Brønd JC, Arvidsson D. Sampling frequency affects the processing of actigraph
raw acceleration data to activity counts. J Appl Physiol. (2016) 120(3):362–9. doi: 10.
1152/japplphysiol.00628.2015

43. Vanhelst J, Béghin L, Duhamel A, Bergman P, Sjöström M, Gottrand F.
Comparison of uniaxial and triaxial accelerometry in the assessment of physical
activity among adolescents under free-living conditions: the Helena study. BMC
Med Res Methodol. (2012) 12(1):1–6. doi: 10.1186/1471-2288-12-26
Frontiers in Pediatrics 09
44. Aibar A, Bois J, Zaragoza J, Generelo E, Julián J, Paillard T. Do epoch lengths
affect adolescents’ compliance with physical activity guidelines? J Sports Med Phys
Fitness. (2014) 54(3):326–34.

45. Fairclough SJ, Noonan R, Rowlands AV, Van Hees V, Knowles Z, Boddy LM.
Wear compliance and activity in children wearing wrist- and hip-mounted
accelerometers. Med Sci Sports Exerc. (2016) 48(2):245–53. doi: 10.1249/MSS.
0000000000000771

46. McLellan G, Arthur R, Buchan DS. Wear compliance, sedentary behaviour and
activity in free-living children from hip-and wrist-mounted actigraph Gt3x+
accelerometers. J Sports Sci. (2018) 36(21):2424–30. doi: 10.1080/02640414.2018.
1461322

47. Akoglu H. User’s guide to correlation coefficients. Turk J Emerg Med. (2018) 18
(3):91–3. doi: 10.1016/j.tjem.2018.08.001

48. Alqahtani AS, Algabbani MF, Alhammad SA, Alwadeai KS, Alhusaini A.
Physical activity status and its association with quality of life among children with
down syndrome in Saudi Arabia: a comparative cross-sectional study. PLoS One.
(2024) 19(2):e0297111. doi: 10.1371/journal.pone.0297111

49. Alqahtani BA, Alenazi AM, Alhowimel AS, Elnaggar RK. The descriptive pattern
of physical activity in Saudi Arabia: analysis of national survey data. Int Health. (2021)
13(3):232–9. doi: 10.1093/inthealth/ihaa027

50. Alhumaid MM. Parental physical activity support for parents of children with
disabilities in Saudi Arabia. Heliyon. (2024) 10(7):1–17. doi: 10.1016/j.heliyon.
2024.e29351

51. Mendoza-Muñoz M, Castillo-Paredes A, Muñoz-Bermejo L, Pérez-Gómez J,
Adsuar JC, Brazo-Sayavera J, et al. A regional report card on physical activity in
children and adolescents: the case of extremadura (Spain) in the global matrix 4.0.
J Exerc Sci Fit. (2024) 22(1):23–30. doi: 10.1016/j.jesf.2023.10.005

52. McCarthy N, Hall A, Shoesmith A, Sutherland R, Hodder R, Campbell E, et al.
Australian children are not meeting recommended physical activity levels at school:
analysis of objectively measured physical activity data from a cross sectional study.
Prev Med Rep. (2021) 23:101418. doi: 10.1016/j.pmedr.2021.101418

53. Aubert S, Brazo-Sayavera J, González SA, Janssen I, Manyanga T, Oyeyemi AL,
et al. Global prevalence of physical activity for children and adolescents;
inconsistencies, research gaps, and recommendations: a narrative review. Int J Behav
Nutr Phys Act. (2021) 18:1–11. doi: 10.1186/s12966-021-01155-2

54. Ekanayake HDK, Salibi G, Tzenios N. Analysis of association between childhood
overweight/obesity with screen time, sedentary life style and low levels of physical
activity. Special J Med Acad Other Life Sci. (2023) 1(6):1–17.

55. Rhodes RE, Guerrero MD, Vanderloo LM, Barbeau K, Birken CS, Chaput J-P,
et al. Development of a consensus statement on the role of the family in the
physical activity, sedentary, and sleep behaviours of children and youth. Int J Behav
Nutr Phys Act. (2020) 17:1–31. doi: 10.1186/s12966-020-00973-0

56. Hu D, Zhou S, Crowley-McHattan ZJ, Liu Z. Factors that influence participation
in physical activity in school-aged children and adolescents: a systematic review from
the social ecological model perspective. Int J Environ Res Public Health. (2021) 18
(6):3147. doi: 10.3390/ijerph18063147

57. Capio CM, Sit CH, Abernethy B, Masters RS. Fundamental movement skills and
physical activity among children with and without cerebral palsy. Res Dev Disabil.
(2012) 33(4):1235–41. doi: 10.1016/j.ridd.2012.02.020

58. Bjornson KF, Belza B, Kartin D, Logsdon R, McLaughlin JF. Ambulatory
physical activity performance in youth with cerebral palsy and youth who
are developing typically. Phys Ther. (2007) 87(3):248–57. doi: 10.2522/ptj.
20060157

59. Okur EO, Inal-Ince D, Saglam M, Vardar-Yagli N, Arikan H. Physical activity
patterns in children with cerebral palsy and typically developing peers. Physiother
Theory Pract. (2021) 37(6):710–8. doi: 10.1080/09593985.2019.1641863

60. Nooijen CF, Slaman J, Stam HJ, Roebroeck ME, Van Den Berg-Emons RJ.
Inactive and sedentary lifestyles amongst ambulatory adolescents and young adults
with cerebral palsy. J Neuroeng Rehabil. (2014) 11(1):1–8. doi: 10.1186/1743-0003-
11-49

61. Štveráková T, Jačisko J, Busch A, Šafářová M, Kolář P, Kobesová A. The impact
of COVID-19 on physical activity of Czech children. PLoS One. (2021) 16(7):
e0254244. doi: 10.1371/journal.pone.0254244

62. Zwier JN, Van Schie PE, Becher JG, Smits D-W, Gorter JW, Dallmeijer AJ.
Physical activity in young children with cerebral palsy. Disabil Rehabil. (2010) 32
(18):1501–8. doi: 10.3109/09638288.2010.497017

63. Maher CA, Williams MT, Olds T, Lane AE. Physical and sedentary activity in
adolescents with cerebral palsy. Dev Med Child Neurol. (2007) 49(6):450–7. doi: 10.
1111/j.1469-8749.2007.00450.x

64. Lindsay S, McPherson AC. Experiences of social exclusion and bullying at school
among children and youth with cerebral palsy. Disabil Rehabil. (2012) 34(2):101–9.
doi: 10.3109/09638288.2011.587086

65. Kim WH, Park EY. Causal relation between spasticity, strength, gross
motor function, and functional outcome in children with cerebral palsy: a path
analysis. Dev Med Child Neurol. (2011) 53(1):68–73. doi: 10.1111/j.1469-8749.
2010.03777.x
frontiersin.org

https://doi.org/10.1123/jpah.2014-0202
https://doi.org/10.3390/healthcare12050535
https://doi.org/10.2522/ptj.20140337
https://doi.org/10.2522/ptj.20140337
https://doi.org/10.2522/ptj.20130333
https://doi.org/10.1123/pes.2022-0064
https://doi.org/10.1016/S0140-6736(21)01164-8
https://doi.org/10.1016/S0140-6736(21)01164-8
https://doi.org/10.3390/healthcare11040494
https://doi.org/10.1249/mss.0b013e31815a51b3
https://doi.org/10.1249/MSS.0b013e3181c301f5
https://doi.org/10.1249/MSS.0b013e3181c301f5
https://doi.org/10.1590/1984-0462/2020/38/2018185
https://doi.org/10.1590/1984-0462/2020/38/2018185
https://doi.org/10.4103/2468-6859.185245
https://doi.org/10.4103/2468-6859.185245
https://doi.org/10.3945/ajcn.2010.29388
https://www.cdc.gov/healthyweight/bmi/calculator.html
https://www.cdc.gov/healthyweight/bmi/calculator.html
https://doi.org/10.1038/oby.2002.24
https://doi.org/10.1038/oby.2002.24
https://doi.org/10.1097/00005768-200002000-00025
https://doi.org/10.1007/s40279-017-0716-0
https://doi.org/10.1249/MSS.0000000000001568
https://actigraphcorp.com/actigraph-wgt3x-bt/
https://actigraphcorp.com/actigraph-wgt3x-bt/
https://doi.org/10.1186/1471-2458-11-485
https://doi.org/10.1152/japplphysiol.00628.2015
https://doi.org/10.1152/japplphysiol.00628.2015
https://doi.org/10.1186/1471-2288-12-26
https://doi.org/10.1249/MSS.0000000000000771
https://doi.org/10.1249/MSS.0000000000000771
https://doi.org/10.1080/02640414.2018.1461322
https://doi.org/10.1080/02640414.2018.1461322
https://doi.org/10.1016/j.tjem.2018.08.001
https://doi.org/10.1371/journal.pone.0297111
https://doi.org/10.1093/inthealth/ihaa027
https://doi.org/10.1016/j.heliyon.2024.e29351
https://doi.org/10.1016/j.heliyon.2024.e29351
https://doi.org/10.1016/j.jesf.2023.10.005
https://doi.org/10.1016/j.pmedr.2021.101418
https://doi.org/10.1186/s12966-021-01155-2
https://doi.org/10.1186/s12966-020-00973-0
https://doi.org/10.3390/ijerph18063147
https://doi.org/10.1016/j.ridd.2012.02.020
https://doi.org/10.2522/ptj.20060157
https://doi.org/10.2522/ptj.20060157
https://doi.org/10.1080/09593985.2019.1641863
https://doi.org/10.1186/1743-0003-11-49
https://doi.org/10.1186/1743-0003-11-49
https://doi.org/10.1371/journal.pone.0254244
https://doi.org/10.3109/09638288.2010.497017
https://doi.org/10.1111/j.1469-8749.2007.00450.x
https://doi.org/10.1111/j.1469-8749.2007.00450.x
https://doi.org/10.3109/09638288.2011.587086
https://doi.org/10.1111/j.1469-8749.2010.03777.x
https://doi.org/10.1111/j.1469-8749.2010.03777.x
https://doi.org/10.3389/fped.2024.1463288
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Alamoudi et al. 10.3389/fped.2024.1463288
66. Stevens SL, Holbrook EA, Fuller DK, Morgan DW. Influence of age on step
activity patterns in children with cerebral palsy and typically developing children.
Arch Phys Med Rehabil. (2010) 91(12):1891–6. doi: 10.1016/j.apmr.2010.08.015

67. Cliff DP, Jones RA, Burrows TL, Morgan PJ, Collins CE, Baur LA, et al. Volumes
and bouts of sedentary behavior and physical activity: associations with
cardiometabolic health in obese children. Obesity. (2014) 22(5):E112–E8. doi: 10.
1002/oby.20698

68. De Bourdeaudhuij I, Verloigne M, Maes L, Van Lippevelde W, Chinapaw MJ, Te
Velde SJ, et al. Associations of physical activity and sedentary time with weight and
weight Status among 10-to 12-year-old boys and girls in E urope: a cluster analysis
within the energy project. Pediatr Obes. (2013) 8(5):367–75. doi: 10.1111/j.2047-
6310.2012.00117.x

69. Bertamino M, Cornaglia S, Zanetti A, Di Rocco A, Ronchetti A, Signa S, et al.
Impact on rehabilitation programs during COVID-19 containment for children
with pediatric and perinatal stroke. Eur J Phys Rehabil Med. (2020) 56(5):692–4.
doi: 10.23736/S1973-9087.20.06407-2

70. Temple VA, Walkley JW. Physical activity of adults with intellectual disability.
J Intellect Dev Disabil. (2003) 28(4):342–53. doi: 10.1080/13668250310001616380

71. Draheim CC, Williams DP, McCubbin JA. Prevalence of physical inactivity and
recommended physical activity in community-based adults with mental retardation.
Ment Retard. (2002) 40(6):436–44. doi: 10.1352/0047-6765(2002)040<0436:
POPIAR>2.0.CO;2

72. Stanish HI, Draheim CC. Assessment of walking activity using a pedometer and
survey in adults with mental retardation. Adapt Phys Activ Q. (2005) 22(2):136–45.
doi: 10.1123/apaq.22.2.136

73. Moreau NG, Falvo MJ, Damiano DL. Rapid force generation is impaired in
cerebral palsy and is related to decreased muscle size and functional mobility. Gait
Posture. (2012) 35(1):154–8. doi: 10.1016/j.gaitpost.2011.08.027

74. Oberhofer K, Stott N, Mithraratne K, Anderson I. Subject-specific modelling of
lower limb muscles in children with cerebral palsy. Clin Biomech. (2010) 25(1):88–94.
doi: 10.1016/j.clinbiomech.2009.09.007

75. Rose J, McGill KC. Neuromuscular activation and motor-unit firing
characteristics in cerebral palsy. Dev Med Child Neurol. (2005) 47(5):329–36.
doi: 10.1017/S0012162205000629

76. de Jesus GM, Dias LA, Barros AKC, Araujo L, Schrann MMF. Do girls wash
dishes and boys play sports? Gender inequalities in physical activity and in the use
Frontiers in Pediatrics 10
of screen-based devices among schoolchildren from urban and rural areas in Brazil.
BMC Public Health. (2024) 24(1):196. doi: 10.1186/s12889-024-17672-1

77. Widiyanto W, Setyawan H, Suharjana S, Purwanto S, Indra EN, Sujarwo S, et al.
Fitness levels of elementary school students based on gender and race in Indonesia: are
there differences? Retos. (2024) 55:963–8. doi: 10.47197/retos.v55.105679

78. Guest E, Zucchelli F, Costa B, Bhatia R, Halliwell E, Harcourt D. A systematic
review of interventions aiming to promote positive body image in children and
adolescents. Body Image. (2022) 42:58–74. doi: 10.1016/j.bodyim.2022.04.009

79. Reedman SE, Johnson E, Sakzewski L, Gomersall S, Trost SG, Boyd RN.
Sedentary behavior in children with cerebral palsy between 1.5 and 12 years: a
longitudinal study. Pediatr Phys Ther. (2020) 32(4):367–73. doi: 10.1097/PEP.
0000000000000740

80. Wei X, Zang Y, Jia X, He X, Zou S, Wang H, et al. Age, period and cohort effects
and the predictors of physical activity and sedentary behaviour among Chinese
children, from 2004 to 2011. BMC Public Health. (2017) 17:1–11. doi: 10.1186/
s12889-016-3954-4

81. Lee J, Suk M-H, Yoo S, Kwon J-Y. The decline of physical activity with age in
school-aged children with cerebral palsy: a single-center cross-sectional
observational study. J Clin Med. (2023) 12(13):4548. doi: 10.3390/jcm12134548

82. Jago R, Salway R, Emm-Collison L, Sebire SJ, Thompson JL, Lawlor DA.
Association of bmi category with change in children’s physical activity between ages
6 and 11 years: a longitudinal study. Int J Obes. (2020) 44(1):104–13. doi: 10.1038/
s41366-019-0459-0

83. Sigmund E, Sigmundová D. The relationship between obesity and physical
activity of children in the spotlight of their parents’ excessive body weight. Int
J Environ Res Public Health. (2020) 17(23):8737. doi: 10.3390/ijerph17238737

84. Reedman S, Boyd RN, Sakzewski L. The efficacy of interventions to increase
physical activity participation of children with cerebral palsy: a systematic review
and meta-analysis. Dev Med Child Neurol. (2017) 59(10):1011–8. doi: 10.1111/
dmcn.13413

85. Lai B, Lee E, Kim Y, Matthews C, Swanson-Kimani E, Davis D, et al. Leisure-
time physical activity interventions for children and adults with cerebral palsy: a
scoping review. Dev Med Child Neurol. (2021) 63(2):162–71. doi: 10.1111/dmcn.14751

86. Lobenius-Palmér K, Sjöqvist B, Hurtig-Wennlöf A, Lundqvist L-O.
Accelerometer-Assessed physical activity and sedentary time in youth with
disabilities. Adapt Phys Activ Q. (2018) 35(1):1–19. doi: 10.1123/apaq.2015-0065
frontiersin.org

https://doi.org/10.1016/j.apmr.2010.08.015
https://doi.org/10.1002/oby.20698
https://doi.org/10.1002/oby.20698
https://doi.org/10.1111/j.2047-6310.2012.00117.x
https://doi.org/10.1111/j.2047-6310.2012.00117.x
https://doi.org/10.23736/S1973-9087.20.06407-2
https://doi.org/10.1080/13668250310001616380
https://doi.org/10.1352/0047-6765(2002)040%3C0436:POPIAR%3E2.0.CO;2
https://doi.org/10.1352/0047-6765(2002)040%3C0436:POPIAR%3E2.0.CO;2
https://doi.org/10.1123/apaq.22.2.136
https://doi.org/10.1016/j.gaitpost.2011.08.027
https://doi.org/10.1016/j.clinbiomech.2009.09.007
https://doi.org/10.1017/S0012162205000629
https://doi.org/10.1186/s12889-024-17672-1
https://doi.org/10.47197/retos.v55.105679
https://doi.org/10.1016/j.bodyim.2022.04.009
https://doi.org/10.1097/PEP.0000000000000740
https://doi.org/10.1097/PEP.0000000000000740
https://doi.org/10.1186/s12889-016-3954-4
https://doi.org/10.1186/s12889-016-3954-4
https://doi.org/10.3390/jcm12134548
https://doi.org/10.1038/s41366-019-0459-0
https://doi.org/10.1038/s41366-019-0459-0
https://doi.org/10.3390/ijerph17238737
https://doi.org/10.1111/dmcn.13413
https://doi.org/10.1111/dmcn.13413
https://doi.org/10.1111/dmcn.14751
https://doi.org/10.1123/apaq.2015-0065
https://doi.org/10.3389/fped.2024.1463288
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Physical activity and sedentary behavior among ambulatory children with cerebral palsy using accelerometer: a cross-sectional study
	Introduction
	Methods
	Study design, setting and sampling methods
	Institutional review board statement
	Informed consent statement
	Participants
	Sample size
	Data collection
	Characteristics of sociographic, anthropometry, and clinical characteristics of participants
	Physical activity levels, sedentary behaviour and step count per day

	Procedures
	Statistical analysis

	Results
	Characteristics of the participants
	Clinical characteristic of children with CP
	Physical activity (PA) data in TD and CP children
	The correlation of PA, SB, and step count with sociodemographic, anthropometric, and clinical characteristic in children with cerebral palsy

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


