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Abstract: Maintaining physical activity is important for children with cerebral palsy (CP). This
study examined whether age predicted habitual physical activity (HPA) or cardiorespiratory fitness
(CRF) in school-aged children with CP and clarified the relationship between HPA and CRF. We
utilized cross-sectional data from 39 children with CP (18 girls and 21 boys; mean age 7.44 years;
mean body weight 24.76 kg; mean body mass index 15.97 kg/m2; hemiplegic or diplegic CP). The
participants wore an accelerometer (ActiGraph) for five days to measure HPA, physical activity energy
expenditure (kcal/kg/d), sedentary physical activity (%SPA), light physical activity, moderate-to-
vigorous physical activity (%MVPA), and activity counts (counts/min). Participants underwent
cardiopulmonary exercise tests on a treadmill using a modified Naughton protocol. Linear regression
and correlation analyses were performed. p-value (two-tailed) < 0.05 was considered statistically
significant. Age was positively associated with SPA. MVPA negatively correlated with resting heart
rate (HR), and activity counts were negatively correlated with resting HR. In conclusion, our study
found strong evidence of a negative association between HPA and age in school-aged children with
CP. It highlights the importance of creating and improving recreational opportunities that promote
physical activity in all children with CP, regardless of whether they are considered therapeutic.

Keywords: children; cerebral palsy; physical activity; accelerometry; cardiorespiratory fitness; age

1. Introduction

Cerebral palsy (CP) is a group of movement and postural disorders caused by lesions
in the developing human brain [1]. It is one of the most common neurodevelopmental
disorders that cause motor disabilities in children, affecting approximately 2 per 1000
live births [2]. Children with CP have activity limitations due to motor disturbances
accompanied by disturbances in sensation, cognition, communication, perception, behavior,
epilepsy, and musculoskeletal problems [1].

In the healthy general population, those with higher levels of physical activity have
improved cardiorespiratory fitness (CRF) [3], bone mineral density [4], and decreased risk
of cardiovascular diseases [5]. CRF is a useful diagnostic and prognostic health indicator.
Improved CRF is known to prevent or reduce cardiovascular morbidity and mortality in
various patient populations [6]. The prevalence of cardiometabolic disease is higher in
adults with CP than in those without [7]. The increased risk of chronic diseases in patients
with CP is related to physical inactivity [8]. Therefore, efforts to elevate CRF in patients
with CP are important for preventing chronic metabolic diseases relevant to CRF and
maintaining a healthier status [9].
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Physical activity is defined as “bodily movement produced regularly by the contrac-
tion of skeletal muscles that results in a substantial increase over resting energy expen-
diture” [10]. Lower motor capacity owing to physical disability is associated with lower
Habitual Physical Activity (HPA) in children with CP [11,12]. Recently, accelerometers have
been introduced to monitor, measure, and analyze the amount and intensity of HPA [13–15].
A multi-country study [16] that researched the time spent engaging in physical activity in
healthy European school-aged children (n = 1025; mean age, 11.6 ± 0.9 years) found that
65% of the time spent at school was sedentary, and only 5% of the time was moderate-to-
vigorous physical activity. However, children with CP are more sedentary throughout the
day than is typical of developing healthy children of their age [17].

A systematic review [18] showed that there is a positive association between CRF
and HPA in healthy adolescents. However, the authors mentioned that heterogeneity of
the factors related to low CRF demonstrates the complexity of this topic and the need
for further studies to obtain definitive conclusions. Recently, Silva et al. [19] reported a
linear trend in the interaction between HPA and CRF in healthy children and adolescents
throughout the 36-month study period. Ryan et al. [20] reported that reduced moderate-to-
vigorous physical activity and increased sedentary behavior measured using accelerometers
(RT3 model) were associated with elevated blood pressure (BP) in children with CP aged
6–17 years. They used shuttle-run tests to evaluate CRF in their study.

To date, few studies have investigated the relationship between age and HPA in chil-
dren with CP. According to a cross-sectional study of healthy adolescents [21] (n = 24,025,
aged 5.0–18.0 years; from 20 studies in 10 countries obtained from 2008 to 2010), both
vigorous- and moderate-intensity physical activity recorded by accelerometers showed
an age-related decline. Moreover, vigorous-intensity physical activity proportionally de-
creased compared with moderate-intensity physical activity. A similar tendency for age-
related decline may exist in children with CP. One observational study [22] that focused
on characteristics affecting the amount of ambulatory activity in children with CP used a
StepWatch to measure HPA (n = 62, Gross Motor Function Classification System [GMFCS]
levels I–III, aged 7–13 years). Older age, higher GMFCS level, and type of CP (diplegic or
quadriplegic, except for hemiplegic CP) were associated with low ambulatory activity on
school days, while older age, bilaterality, and no sports club participation were associated
with lower ambulatory activity on weekends. According to a prospective cohort study by
Waltersson et al. [23], being more physically active during adolescence in children with CP
(GMFCS I–V, n = 71) resulted in increased physical activity in adulthood. These findings
suggest that lifestyle choices regarding physical activity are established at an early age in
children with CP.

To the best of our knowledge, there are few reports on the effect of age on CRF in
school-aged children with CP. In a prospective cohort study in Northern Ireland [24],
children with CP (n = 184, mean age 10.8 ± 3.6 years, GMFCS levels I–IV) demonstrated
an increase in oxygen costs through an oxygen consumption protocol after an average
follow-up of 2 years, which means a deterioration of energy efficiency that demanded more
energy expenditure while performing the same activity as their non-CP peers.

This study had two main objectives. First, we attempted to determine whether HPA
measured using an accelerometer could be predicted by age in school-aged children with
CP. Our null hypothesis was that HPA is not age-dependent in this population. We also
sought to determine whether there is a correlation between CRF and HPA using a symptom-
limited cardiorespiratory exercise test (CPX), known as the gold standard test for measuring
CRF. Our second null hypothesis was that HPA is not correlated with CRF in school-aged
children with CP.

2. Materials and Methods
2.1. Study Design

This cross-sectional analysis was conducted as a sub-study of our randomized con-
trolled trial registered at ClinicalTrials.gov under the identifier NCT03870893. This study

ClinicalTrials.gov


J. Clin. Med. 2023, 12, 4548 3 of 12

was conducted at the Samsung Medical Center in Seoul, Korea, between August 2017 and
December 2019. A total of 39 ambulatory school-aged children with CP participated in
this cross-sectional analysis. The data used in the study were collected from the baseline
data of our randomized controlled trial before the intervention was administered. Chil-
dren eligible to participate were identified using the institution’s database. The primary
investigator screened children whose parents agreed to participate via telephone. The Insti-
tutional Review Board of the Samsung Medical Center approved this study (registration
number: 2017-06-045).

2.2. Participants

Initially, 47 children with CP participated in this study. Because one child refused
to undergo screening and seven children were unable to undergo CPX due to physical
disability or psychological difficulties (fear), only 39 children were included in the sub-
sequent analysis. Table 1 presents the characteristics of the participants. There were 18
girls and 21 boys, with a mean age of 7.44 ± 1.60 years. Age was defined as the chrono-
logical age. Body height was measured with the patient in the supine position. Body
Mass Index (BMI; kg/m2) was calculated as body weight (kg) divided by the square of
body height (m). GMFCS level I or II was used to categorize the participants’ levels of
physical ability. The inclusion criteria were as follows: (1) diagnosis of CP, (2) GMFCS
level I or II, (3) age between 6 and 12 years, and (4) body weight of <35 kg. The exclusion
criteria were as follows: (1) selective dorsal rhizotomy or orthopedic surgery in the last
year; (2) injection of botulinum toxin injection in the last 3 months; (3) poor visual acuity;
(4) uncontrolled seizures; (5) hearing impairment; (6) severe intellectual disability; (7) hip
dislocation; (8) Cobb angle > 30◦ in scoliosis; and (9) unhealed fracture.

Table 1. Baseline characteristics of the participants.

Characteristics Value (n = 39)

Age (years) 7.44 ± 1.60
Sex (girls/boys) 18/21

Height (cm) 124.06 ± 10.27
Weight (kg) 24.76 ± 5.14

Body Mass Index (kg/m2) 15.97 ± 2.02
Distribution (unilateral; hemiplegia/bilateral; diplegia) 19/20

GMFCS distribution (level I/level II) 21/18
Values are expressed as mean ± standard deviation.

2.3. Habitual Physical Activity

The HPA of the participants was measured using a GT3X triaxial accelerometer (Acti-
Graph, Pensacola, FL, USA). The GT3X accelerometer is a safe, reliable, and validated
approach for measuring physical activity in children with CP, indicating that it is appropri-
ate for rehabilitation research [25]. The participants wore the accelerometer around their
waist with a belt for seven days, even while sleeping or resting. The device collected data
between 10 a.m. and 8 p.m. When entering the water, the participants were instructed
to remove the accelerometer. Activity count (counts/min) is an essential parameter in-
dicating physical activity based on the vector magnitude recorded by the accelerometer
during physical activity. The higher the activity count, the higher the intensity level [26].
Physical activity energy expenditure (PAEE) and the percentage of time spent in each level
of physical activity (% moderate-to-vigorous physical activity, %MVPA; % light physical
activity, %LPA; % sedentary physical activity, %SPA) were calculated from activity counts
(counts/min) using ActiLife software (version 6.14.3, ActiGraph, Pensacola, FL, USA).
PAEE (kcal/kg/d) was calculated using the Freedson model presented in the software [27].
Each cutoff value of physical activity was classified using Evenson’s cutoff value model,
which has demonstrated high accuracy in determining physical activity levels [28]. In this
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study, 0–100 counts per minute indicated SPA, 101–2295 counts per minute indicated LPA,
and 2296 or more counts per minute indicated MVPA.

2.4. Cardiorespiratory Fitness

To measure CRF, the participants performed symptom-limited CPX using a modified
Naughton protocol. We used a submaximal test because the Bruce protocol, a commonly
used method for measuring CRF [29], was too difficult for our study participants. The
modified Naughton protocol has 2 min stages, starting at a lower metabolic equivalent of
task (MET) workload and increasing gradually by 1 MET per stage [30]. The gradient ratio
was increased by 3.5% every 2 min until the maximal effort was achieved. Occasionally, it
decreased by 2.5% to 3%, but for the most part, the velocity either increased or remained
consistent with each stage of the test. Ten stages were performed in 20 min, with a
maximal gradient ratio of 17.5% (Supplementary Table S1). Electrocardiograms (ECG) were
recorded during the test to determine whether an abnormal heart rhythm was present. ECG
were performed using a Cardiac Stress Testing System (Q-stress; Mortara Instrument Inc.,
Milwaukee, WI, USA). CRF was estimated using a True One 2400 (Parvo Medics, Salt Lake
City, UT, USA). All the children were verbally encouraged to continue the test as much
as possible. The reasons for ending the test included breathing difficulties, lower limb
fatigue, exhaustion, increased heart rate, abnormal blood pressure responses, arrhythmias,
increased chest pain, marked ST depression during the test, and refusal to continue. Exercise
time (min), peak oxygen uptake (VO2 peak; mL/kg/min), MET (metabolic equivalent of
task; kcal/kg/h), and respiratory exchange ratio (RER; ratio of produced VCO2 divided
by consumed VO2) were determined and analyzed. After resting in a seated position for
30 min, the resting heart rate (HR) (beats/min), systolic blood pressure (SBP) (mmHg),
and diastolic blood pressure (DBP; mmHg) were recorded. HR and BP were continuously
monitored throughout CPX, and the maximum HR (beats/min), maximum SBP (mmHg),
and maximum DBP (mmHg) during the exercise test (CPX) were recorded. To reduce
the child’s psychological burden, one or more brief mock tests, a full explanation of the
test procedure and meaning, and continued encouragement (before and during the test)
were provided [31].

2.5. Motor Capacity

The participants underwent the Gross Motor Function Measure 66 (GMFM-66), timed
up-and-go (TUG) test, and 6 min walk test (6 MWT) to measure motor capacity. Because it
was difficult to repeat these tests multiple times, the statistical analysis was performed with
the values measured only once. Furthermore, most children were familiar with these tests.

2.5.1. Gross Motor Function Measure 66

The GMFM is a useful tool for assessing gross motor capacity in children with CP [32].
GMFM-66 scores were calculated from the GMFM-88 scores using the Gross Motor Ability
Estimator. The GMFM-88 consists of 88 items across five dimensions: (A) lying and
rolling (17 items); (B) sitting (20 items); (C) crawling and kneeling (14 items); (D) standing
(13 items); and (E) walking, running, and jumping (24 items). Each item is scored on a
4-point scale.

2.5.2. Timed Up-and-Go Test

The TUG test was used to measure the participants’ walking ability and functional
movement capability, which have been shown to predict future health outcomes and
quality of life of patients [33]. This test measures the time taken by the participant to rise
from a chair, walk 3 m, turn 180◦, walk 3 m again, and sit back in the chair [34]. The
TUG test is a widely used, reliable, cost-effective, safe, valid, and time-efficient method
for evaluating overall functional status [35]. The TUG test has been confirmed to be a
reliable and responsive measure of mobility and balance in children with CP. The test–retest
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reliability of the TUG test was found to be high for GMFCS levels I (ICC = 0.970) and II
(ICC = 0.981) in ambulatory children with CP aged between 3 and 10 years old [36].

2.5.3. Six min Walk Test

This study used the 6 MWT to measure the walking distance. Participants walked
without assistance for 6 min on a flat, straight, and indoor surface of at least 30 m in
length [37]. The 6 MWT is a reflection of activities of daily living. It is easy to perform,
does not require specialized equipment, and is cost-effective [37–39]. The 6 MWT has been
confirmed to be reproducible and valid in children with CP. The test–retest reliability of
the 6 MWT was found to be good for GMFCS levels I and II (ICC = 0.80) for children with
CP (mean age, 14.2 ± 2.0 years) [40]. The test was conducted by two physical therapists
according to a standardized guide. The children were provided detailed explanations
before the test and were encouraged to continue.

2.6. Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version 27.0 (IBM, Armonk, NY,
USA) was used for the statistical analysis of the collected data; we set the Type 1 error
rate at 5% and power at 80%. Using the Shapiro–Wilk test, we found that the HPA,
CRF, and motor capacity data showed a normal distribution. After adjusting for sex,
height, body weight (kg), BMI (kg/m2), and GMFCS score, a linear regression analysis was
performed to examine whether age was associated with HPA, CRF, or motor capacity. A
partial correlation analysis was also performed between the HPA and CRF to clarify their
relationship. No data were missing. The results were considered statistically significant
when the p-value (two-tailed) was <0.05.

2.7. Sample Size Calculation

Upon retrospective calculation, the total sample size required in our study was deter-
mined to be 29 in each group, with a Type 1 error rate of 0.05, Type 2 error rate of 0.2, and
an expected correlation coefficient of 0.5. The sample size calculation for the original study
(ClinicalTrial.gov, NCT03870893) has been previously described [41].

3. Results
3.1. HPA, CRF, and Motor Capacity

The means and SDs of HPA, CRF, and motor capacity variables were as follows: exer-
cise time (min), 11.54 ± 3.40; VO2 peak (mL/kg/min), 25.50 ± 3.58; MET (kcal/kg/h), 7.29
± 1.03; RER, 0.98 ± 0.05; resting HR (beats/min), 89.92 ± 12.64; resting SBP (mmHg), 101.67
± 9.39; resting DBP (mmHg), 67.46 ± 8.47; maximal HR (beats/min), 167.41 ± 13.83; maxi-
mal SBP (mmHg), 122.56 ± 12.29; maximal DBP (mmHg), 67.26 ± 5.91; PAEE (kcal/kg/d),
4.49 ± 1.33; %SPA, 71.31 ± 5.42; %LPA, 23.40 ± 4.40; %MVPA, 5.29 ± 2.21; activity count
(counts/min), 923.86 ± 232.18; TUG (s), 8.11 ± 2.02; 6 MWT (m), 376.62 ± 76.21; GMFM-66,
83.83 ± 10.74 (Table 2).

3.2. Linear Regression Analysis

According to the linear regression analysis (Table 3), age was negatively associated
with PAEE (β = −0.496, p = 0.028) and activity counts (β = −0.516, p = 0.023) and positively
associated with SPA (β = 0.463, p = 0.030). However, age did not predict any CRF or motor
capacity variables in this analysis.

3.3. Partial Correlation Analysis

According to the partial correlation analysis (Table 4), PAEE was negatively correlated
with resting HR (ρ = −0.372, p = 0.033) and TUG (ρ = −0.361, p = 0.039); MVPA was
negatively correlated with resting HR (ρ = −0.388, p = 0.026), maximal HR (ρ = −0.360,
p = 0.039), and TUG (ρ = −0.385, p = 0.027); activity count was negatively correlated with
resting HR (ρ = −0.354, p = 0.043) and resting DBP (ρ = −0.363, p = 0.038).

ClinicalTrial.gov
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Table 2. The mean and SDs of HPA, CRF, and motor capacity variables.

Variables Mean ± SD Variables Mean ± SD

exercise time (min) 11.54 ± 3.40 maximal DBP (mmHg) 67.26 ± 5.91
VO2 peak (mL/kg/min) 25.50 ± 3.58 PAEE (kcal/kg/d) 4.49 ± 1.33

MET (kcal/kg/h) 7.29 ± 1.03 %SPA 71.31 ± 5.42
RER 0.98 ± 0.05 %LPA 23.40 ± 4.40

resting HR (beats/min) 89.92 ± 12.64 %MVPA 5.29 ± 2.21
resting SBP (mmHg) 101.67 ± 9.39 activity count (counts/min) 923.86 ± 232.18
resting DBP (mmHg) 67.46 ± 8.47 TUG (s) 8.11 ± 2.02

maximal HR (beats/min) 167.41 ± 13.83 6 MWT (m) 376.62 ± 76.21
maximal SBP (mmHg) 122.56 ± 12.29 GMFM-66 83.83 ± 10.74

MET, metabolic equivalent of task; RER, respiratory exchange ratio; HR, heart rate; SBP, systolic blood pressure;
DBP, diastolic blood pressure; PAEE, physical activity energy expenditure; SPA, sedentary physical activity; LPA,
light physical activity; MVPA, moderate-to-vigorous physical activity; TUG, timed up-and-go (test); 6 MWT,
6 min walk test; GMFM-66, gross motor function measure–66.

Table 3. Regression analysis results for factors associated with age and HPA, CRF, and motor capacity
for children with cerebral palsy.

HPA

PAEE (kcal/kg/d) % SPA % LPA % MVPA Activity Count
(Counts/min)

Age
(years)

B −0.412 1.566 −1.223 −0.343 −74.694
95% CI (−0.777, −0.048) (0.159, 2.972) (−2.448, 0.002) (−0.953, 0.268) (−138.314, −11.074)

β −0.496 0.463 −0.447 −0.248 −0.516
p 0.028 * 0.030 * 0.050 0.262 0.023 *

R2 0.441 0.498 0.416 0.431 0.439

CRF

Exercise time (min) VO2 peak
(mL/kg/min)

MET
(kcal/kg/h) RER HR_rest

(beats/min)

Age
(years)

B 0.129 0.615 0.171 0.007 −2.035
95% CI (−0.639, 0.896) (−0.480, 1.710) (−0.142, 0.483) (−0.007, 0.021) (−6.468, 2.398)

β 0.061 0.275 0.267 0.236 −0.258
p 0.735 0.261 0.274 0.317 0.357

R2 0.619 0.302 0.309 0.350 0.081

CRF
SBP_rest
(mmHg)

DBP_rest
(mmHg)

HR_max
(beats/min)

SBP_max
(mmHg)

DBP_max
(mmHg)

Age
(years)

B 0.076 0.048 1.328 2.583 0.617
95% CI (−3.004, 3.155) (−2.484, 2.580) (−3.141, 5.797) (−0.151, 5.317) (−0.923, 2.157)

β 0.013 0.009 0.154 0.339 0.167
p 0.960 0.970 0.549 0.063 0.420

R2 0.197 0.333 0.221 0.627 0.493

Motor capacity
TUG (s) 6 MWT (m) GMFM-66

Age
(years)

B 0.004 −6.519 −0.089
95% CI (−0.606, 0.615) (−25.034, 11.997) (−4.237, 0.058)

β 0.003 −0.137 1.054
p 0.989 0.478 0.056

R2 0.318 0.559 0.701

B: unstandardized coefficient; β: standardized coefficient. CI, confidence interval; MET, metabolic equivalent of
task; RER, respiratory exchange ratio; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure;
PAEE, physical activity energy expenditure; SPA, sedentary physical activity; LPA, light physical activity; MVPA,
moderate-to-vigorous physical activity; TUG, timed up-and-go (test); 6 MWT, 6 min walk test; GMFM-66, Gross
Motor Function Measure 66. *: p <0.05
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Table 4. Partial correlation analysis.

Exercise
Time (min)

VO2 Peak
(mL/kg/min)

MET
(kcal/kg/h) RER HR_Rest

(beats/min)
SBP_Rest
(mmHg)

DBP_Rest
(mmHg)

HR_Max
(beats/min)

SBP_Max
(mmHg)

DBP_Max
(mmHg) TUG (s) 6MWT

(m)
GMFM-

66

PAEE
(kcal/kg/d)

ρ 0.202 −0.045 −0.040 −0.059 −0.372 −0.114 −0.212 −0.323 −0.328 −0.037 −0.361 0.002 0.299
p 0.261 0.802 0.823 0.744 0.033 * 0.526 0.237 0.067 0.062 0.837 0.039 * 0.993 0.091

%SPA
ρ −0.158 −0.115 −0.115 0.218 0.294 0.140 0.268 0.218 0.064 −0.003 0.228 0.152 −0.180
p 0.379 0.524 0.523 0.222 0.097 0.437 0.132 0.223 0.724 0.986 0.202 0.397 0.316

%LPA
ρ 0.083 0.162 0.159 −0.226 −0.144 −0.104 −0.230 −0.071 0.094 0.002 −0.070 −0.213 0.052
p 0.644 0.368 0.378 0.206 0.423 0.566 0.198 0.696 0.603 0.993 0.699 0.233 0.774

%MVPA
ρ 0.197 −0.060 −0.053 −0.050 −0.388 −0.114 −0.156 −0.360 −0.335 0.004 −0.385 0.077 0.311
p 0.271 0.740 0.770 0.782 0.026 * 0.526 0.386 0.039 * 0.056 0.981 0.027 * 0.670 0.078

Activity count
(counts/min)

ρ 0.153 0.108 0.110 −0.210 −0.354 −0.203 −0.363 −0.312 −0.172 −0.097 −0.264 −0.243 0.252
p 0.396 0.548 0.543 0.242 0.043 * 0.258 0.038 * 0.077 0.339 0.591 0.138 0.173 0.157

MET, metabolic equivalent of task; RER, respiratory exchange ratio; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; PAEE, physical activity energy expenditure;
SPA, sedentary physical activity; LPA, light physical activity; MVPA, moderate-to-vigorous physical activity; TUG, timed up-and-go (test); 6 MWT, 6 min walk test; GMFM-66, gross
motor function measure—66. *: p <0.05
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4. Discussion

Age was negatively associated with the amount of physical activity in school-aged
children with CP. However, age could not predict the CRF or motor capacity of participants.
Furthermore, we observed a positive association between higher levels of MVPA and PAEE
and CRF. Therefore, efforts to increase HPA levels in school-aged children with CP should
be emphasized.

Stability and decline in gross motor function among children and youths with CP
(aged 2–21 years) were reported in a prospective longitudinal cohort study [42]. Further-
more, they found no evidence of a functional decline in children with GMFCS levels I and
II. Our findings are also consistent with those of that study. We also found that age could
not predict CRF in school-aged children with CP or GMFCS levels I and II. This result is
thought to be due to the correlation between the CRF and motor capacity variables. We pre-
viously reported that CPX exercise time was strongly correlated with GMFM (Spearman’s
rho = 0.714), moderately correlated with TUG (Spearman’s rho = 0.537), and moderately
correlated with the 6 MWT (Spearman’s rho = 0.702) [31]. Peak oxygen uptake during
CPX showed a weak correlation with GMFM and a moderate correlation with 6 MWT in
school-aged children with CP.

To date, there has been limited information available regarding the relationship be-
tween the HPA and CRF in school-aged children with CP. We found PAEE was negatively
correlated with resting HR (ρ = −0.372, p = 0.033), MVPA was negatively correlated with
resting HR (ρ = −0.388, p = 0.026), and maximal HR (ρ = −0.360, p = 0.039), while activity
count was negatively correlated with resting HR (ρ = −0.354, p = 0.043) and resting DBP
(ρ = −0.363, p = 0.038). This result is consistent with those of previous studies. Ryan
et al. [20] reported that vigorous activity (β = 0.339, p < 0.01), sustained moderate-to-
vigorous activity (β = 0.250, p < 0.05), and total activity (β = 0.238, p < 0.05) were associated
with the level achieved in the shuttle run test after adjusting for age, sex, and GMFCS levels
in ambulatory children with CP (aged 6–17 years, GMFCS levels I and II). The shuttle run
test score was negatively associated with BMI (r2 = −0.451, p < 0.01), waist circumference
(r2 = −0.560, p < 0.001), waist-to-height ratio (r2 = −0.560, p < 0.001), and systolic blood pres-
sure (r2 = −0.306, p < 0.05) after adjusting for age, sex, and GMFCS score. They also reported
that elevated BP values were associated with reduced time spent in moderate-to-vigorous,
vigorous, and total activities as well as increased time spent in sedentary behavior [43].
Our study has several strengths, one of which is the use of a symptom-limited CPX. This
method is considered the gold-standard approach for assessing CRF.

The decline in HPA levels at school age can be one of the contributing factors to the
stagnation of motor capacity and CRF improvement in adolescence. It is possible there
may be a non-visible deterioration that is not observed during school age. As mentioned
previously, participants in a prospective cohort study in Northern Ireland [24] showed a
decline in energy efficiency as their age increased. Interestingly, significant improvements
in mean raw scores for GMFM, Pediatric Evaluation of Disability Inventory (PEDI), and
Lifestyle Assessment Questionnaire-Cerebral Palsy (LAQ-CP) were recorded in this cohort.
As CRF is not easily detectable in a typical setting, it can be overlooked, and the significance
of CRF in early life can be underestimated.

In the general older adult population, an increase in physical activity levels is as-
sociated with a decrease in cardiovascular disease (CVD) risk factors, including blood
pressure and insulin sensitivity [44]. In a prospective longitudinal cohort study (n = 630,
aged 8–10 years), adiposity was the main predictor of insulin sensitivity after two years.
Moreover, higher physical activity and less sedentary time appeared to benefit insulin sen-
sitivity by lowering adiposity [45]. According to a recent systematic review, hypertension,
obesity, and being overweight are significant risk factors for CVD in adults with CP [46].
Ryan et al. [47] reported a significant relationship between reduced physical activity and
increased CVD risk in adults with CP. Therefore, it is reasonable to consider that the pre-
vention of CVD would increase with the level of activity in school-going children with CP
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as well as adults. Additional longitudinal studies on HPA and CVD risk factors are needed
in young populations with CP.

In a systematic review [48], a structured exercise program and an online behavioral
program helped increase the HPA of children with CP; however, this positive effect was
not maintained after the program was terminated. Therefore, it is necessary to develop
an optimized exercise and physical activity behavior change program that can be used in
the long term to increase HPA. Another systematic review [49] showed that cardiorespi-
ratory exercise training may improve aerobic fitness, although the available evidence is
limited. In one randomized clinical trial [50] of spastic patients with CP (n = 57; mean age,
20 ± 3 years; GMFCS levels I–IV), lifestyle intervention with counseling was performed
in the intervention group for six months. Significant reductions in total cholesterol, VO2
peak, and SBP were observed in the intervention group compared with the control group.
However, in another clinical trial [51] (n = 49, aged 7–13 years, GMFCS levels I–III), in
which a home-based physiotherapy program with counseling was administered to the
intervention group for six months, there was no significant difference in the outcomes of
physical performance, aerobic capacity, or GMFM-66 between the intervention and control
groups. Although controversial, active intervention is required to improve CRF in children
with CP, and related research should continue.

As mentioned earlier, a study found that ambulatory activity decreases as the age
of children with CP increases [21]. The authors explained that ambulatory activity, such
as step count, may appear to decrease with age due to the concurrent increase in body
height and leg length. However, our study found that age was negatively associated with
HPA, even after adjusting for body height and weight, which could act as confounders. We
thought that as children aged, sedentary activities such as studying, online gaming, and
using smartphones would increase rather than moderate or vigorous physical activities
such as playing sports. As mentioned earlier, in children, the majority of school time
comprises sedentary activities [16]. Thus, it is necessary to develop a program to promote
physical activity in children with CP, as well as in healthy children. A recent study [52] that
researched the barriers and facilitators of physical activity in children with CP reported that
physical activity could be promoted when academic work and physical activity were seen
as equally important school priorities. Therefore, sufficient physical education in school
environments should be encouraged.

This study has several limitations. First, though the sample size is absolutely small,
it is larger than the calculated sample size of the original study this study retrospectively
proceeded. Too high a sample size can amplify the detection of differences; a prospective
study would be further needed. Second, because children with CP cannot perform the
cardiorespiratory exercise test maximally, the interpretation of the results can be altered,
and their reproducibility can be low. Third, the inclusion of children with GMFCS levels
I–II was necessary due to physical limitations that affected their ability to perform the
test. Fourth, the limited generalizability of our results to a larger population with CP
should be acknowledged, as our study exclusively recruited Korean school-going children
with CP. Finally, for a more objective and structured study design and a more generalized
conclusion, a comparison of the HPA between children with CP and generally healthy
populations in similar age groups is also needed, which should be undertaken in the future
as further research. The strength of this study is that HPA and CRF were measured using
an accelerometer, direct PA measurement, and symptom-limited CPX. These established
measurement tools enhance the reliability and validity of our findings. We found an
age-dependent decline in HPA and its effect on cardiorespiratory fitness in school-aged
children. Our hypothesis suggests that Asian children are expected to exhibit lower levels
of physical activity compared to Western children. However, considering the findings
from studies [53] indicating a decline in physical activity with age, it is likely that similar
patterns may be observed across different ethnic groups. Therefore, conducting further
research that includes diverse ethnic populations is necessary to gain a comprehensive
understanding of the relationship between physical activity and age in children.
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5. Conclusions

The key finding of this study is that there is a negative association between age and the
amount of HPA in school-aged children with CP, indicating that as children with CP age,
they tend to engage in more sedentary activity. Through this study, we observed a positive
association between age and SPA and a negative association between age and PAEE, while
MVPA showed a negative correlation with HR and maximal HR in children with CP during
symptom-limited CPX. Additionally, activity count demonstrated a negative correlation
with resting HR and DBP.

To date, the primary focus of interventions for children with CP has been to enhance
their functional abilities through therapy sessions in clinical settings. However, this study
suggests that it is important to consider interventions to improve physical fitness and
physical activity levels in schools and at home as well. It is important to provide additional
and improved recreational opportunities that promote high levels of HPA in all children,
regardless of whether these activities are considered therapeutic. These endeavors will
contribute to the overall well-being of children with CP by reducing the risk of developing
cardiometabolic syndromes and enabling them to lead healthier lives.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12134548/s1. Table S1: Modified Naughton Protocol.

Author Contributions: Conceptualization, J.-Y.K.; methodology, J.-Y.K.; software, M.-H.S. and S.Y.;
validation, J.-Y.K., and S.Y.; formal analysis, J.L.; investigation, M.-H.S. and J.-Y.K.; resources, J.-Y.K.;
data curation, J.L. and J.-Y.K.; writing—original draft preparation, J.L.; writing—review and editing,
J.-Y.K., M.-H.S., and S.Y.; visualization, J.L. and J.-Y.K.; supervision, J.-Y.K.; project administration,
M.-H.S.; funding acquisition, J.-Y.K. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the National Research Foundation of Korea and the Korean
Government (MSIT [grant number NRF-2017R1A2B4004615].

Institutional Review Board Statement: The study was conducted in accordance with the guidelines
of the Declaration of Helsinki and approved by the Institutional Review Board of Samsung Medical
Center (registration number 2017-06-045, approval date 21 July 2017).

Informed Consent Statement: Written informed consent was obtained from all the children and
their parents (or guardians) to participate in the study and publish this paper.

Data Availability Statement: The data supporting the findings of this study are available from the
corresponding author upon request.

Acknowledgments: The authors thank the participants and their guardians for their consent and
involvement in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rosenbaum, P.; Paneth, N.; Leviton, A.; Goldstein, M.; Bax, M.; Damiano, D.; Dan, B.; Jacobsson, B. A report: The Definition and

Classification of Cerebral Palsy April 2006. Dev. Med. Child. Neurol. 2007, 109, 8–14.
2. Oskoui, M.; Coutinho, F.; Dykeman, J.; Jette, N.; Pringsheim, T. An Update on the Prevalence of Cerebral Palsy: A Systematic

review and meta-analysis. Dev. Med. Child. Neurol. 2013, 55, 509–519. [CrossRef] [PubMed]
3. Kulinski, J.P.; Khera, A.; Ayers, C.R.; Das, S.R.; de Lemos, J.A.; Blair, S.N.; Berry, J.D. Association Between Cardiorespiratory

Fitness and Accelerometer-Derived Physical Activity and Sedentary Time in the General Population. Mayo Clin. Proc. 2014, 89,
1063–1071. [CrossRef]

4. Bielemann, R.M.; Martinez-Mesa, J.; Gigante, D.P. Physical Activity during Life Course and Bone Mass: A Systematic Review of
Methods and Findings from Cohort Studies with Young Adults. BMC Musculoskelet. Disord. 2013, 14, 77. [CrossRef]

5. Roque, F.R.; Hernanz, R.; Salaices, M.; Briones, A.M. Exercise Training and Cardiometabolic Diseases: Focus on the Vascular
System. Curr. Hypertens. Rep. 2013, 15, 204–214. [CrossRef]

6. Al-Mallah, M.H.; Sakr, S.; Al-Qunaibet, A. Cardiorespiratory Fitness and Cardiovascular Disease Prevention: An Update. Curr.
Atheroscler. Rep. 2018, 20, 1. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/jcm12134548/s1
https://www.mdpi.com/article/10.3390/jcm12134548/s1
https://doi.org/10.1111/dmcn.12080
https://www.ncbi.nlm.nih.gov/pubmed/23346889
https://doi.org/10.1016/j.mayocp.2014.04.019
https://doi.org/10.1186/1471-2474-14-77
https://doi.org/10.1007/s11906-013-0336-5
https://doi.org/10.1007/s11883-018-0711-4
https://www.ncbi.nlm.nih.gov/pubmed/29340805


J. Clin. Med. 2023, 12, 4548 11 of 12

7. Blair, E.; Langdon, K.; McIntyre, S.; Lawrence, D.; Watson, L. Survival and Mortality in Cerebral Palsy: Observations to the
Sixth Decade from a Data Linkage Study of a Total Population Register and National Death Index. BMC Neurol. 2019, 19, 111.
[CrossRef]

8. Peterson, M.D.; Ryan, J.M.; Hurvitz, E.A.; Mahmoudi, E. Chronic Conditions in Adults with Cerebral Palsy. JAMA 2015, 314,
2303–2305. [CrossRef]

9. Harber, M.P.; Kaminsky, L.A.; Arena, R.; Blair, S.N.; Franklin, B.A.; Myers, J.; Ross, R. Impact of Cardiorespiratory Fitness on
All-Cause and Disease-Specific Mortality: Advances Since 2009. Prog. Cardiovasc. Dis. 2017, 60, 11–20. [CrossRef]

10. Caspersen, C.J.; Powell, K.E.; Christenson, G.M. Physical Activity, Exercise, and Physical Fitness: Definitions and Distinctions for
Health-Related Research. Public. Health Rep. 1985, 100, 126–131.

11. Keawutan, P.; Bell, K.; Davies, P.S.; Boyd, R.N. Systematic Review of the Relationship between Habitual Physical Activity and
Motor Capacity in Children with Cerebral palsy. Res. Dev. Disabil. 2014, 35, 1301–1309. [CrossRef] [PubMed]

12. Suk, M.H.; Park, I.K.; Yoo, S.; Kwon, J.Y. The Association Between Motor Capacity and Motor Performance in School-Aged
Children with Cerebral Palsy: An Observational Study. J. Exerc. Sci. Fit. 2021, 19, 223–228. [CrossRef] [PubMed]

13. Hills, A.P.; Mokhtar, N.; Byrne, N.M. Assessment of Physical Activity and Energy Expenditure: An Overview of Objective
Measures. Front. Nutr. 2014, 1, 5. [CrossRef] [PubMed]

14. Gorman, E.; Hanson, H.M.; Yang, P.H.; Khan, K.M.; Liu-Ambrose, T.; Ashe, M.C. Accelerometry Analysis of Physical Activity
and Sedentary Behavior in Older Adults: A Systematic Review and Data Analysis. Eur. Rev. Aging Phys. Act. 2014, 11, 35–49.
[CrossRef]

15. Cudejko, T.; Button, K.; Al-Amri, M. Validity and Reliability of Accelerations and Orientations Measured Using Wearable Sensors
during Functional Activities. Sci. Rep. 2022, 12, 14619. [CrossRef]

16. Van Stralen, M.M.; Yıldırım, M.; Wulp, A.; te Velde, S.J.; Verloigne, M.; Doessegger, A.; Androutsos, O.; Kovács, É.; Brug,
J.; Chinapaw, M.J.M. Measured Sedentary Time and Physical Activity During the School Day of European 10- to 12-year-old
Children: The ENERGY Project. J. Sci. Med. Sport 2014, 17, 201–206. [CrossRef]

17. Carlon, S.L.; Taylor, N.F.; Dodd, K.J.; Shields, N. Differences in Habitual Physical Activity Levels of Young People with Cerebral
Palsy and Their Typically Developing Peers: A Systematic Review. Disabil. Rehabil. 2013, 35, 647–655. [CrossRef]

18. de Andrade Gonçalves, E.C.; Augusto Santos Silva, D.; Gimenes Nunes, H.E. Prevalence and Factors Associated with Low
Aerobic Performance Levels in Adolescents: A Systematic Review. Curr. Pediatr. Rev. 2015, 11, 56–70. [CrossRef]

19. Silva, D.A.S.; de Andrade Gonçalves, E.C.; Coelho, E.F.; Cerqueira, M.S.; Werneck, F.Z. Cardiorespiratory Fitness and Physical
Activity Among Children and Adolescents: 3-year Longitudinal Study in Brazil. Int. J. Environ. Res. Public. Health 2022, 19, 11431.
[CrossRef]

20. Ryan, J.M.; Hensey, O.; McLoughlin, B.; Lyons, A.; Gormley, J. Associations of Sedentary Behaviour, Physical Activity, Blood
Pressure and Anthropometric Measures with Cardiorespiratory Fitness in Children with Cerebral Palsy. PLoS ONE 2015, 10,
e0123267. [CrossRef]

21. Corder, K.; Sharp, S.J.; Atkin, A.J.; Andersen, L.B.; Cardon, G.; Page, A.; Davey, R.; Grøntved, A.; Hallal, P.C.; Janz, K.F.; et al.
Age-Related Patterns of Vigorous-Intensity Physical Activity in Youth: The International Children’s Accelerometry Database.
Prev. Med. Rep. 2016, 4, 17–22. [CrossRef] [PubMed]

22. Van Wely, L.; Becher, J.G.; Balemans, A.C.; Dallmeijer, A.J. Ambulatory Activity of Children with Cerebral Palsy: Which
Char-acteristics are Important? Dev. Med. Child. Neurol. 2012, 54, 436–442. [CrossRef] [PubMed]

23. Waltersson, L.; Rodby-Bousquet, E. Physical Activity in Adolescents and Young Adults with Cerebral Palsy. BioMed. Res. Int.
2017, 2017, 8080473. [CrossRef] [PubMed]

24. Kerr, C.; McDowell, B.C.; Parkes, J.; Stevenson, M.; Cosgrove, A.P. Age-Related Changes in Energy Efficiency of Gait, Activity,
and Participation in Children with Cerebral Palsy. Dev. Med. Child. Neurol. 2011, 53, 61–67. [CrossRef]

25. O’Neil, M.E.; Fragala-Pinkham, M.A.; Forman, J.L.; Trost, S.G. Measuring Reliability and Validity of the ActiGraph GT3X
Accelerometer for Children with Cerebral Palsy: A Feasibility Study. J. Pediatr. Rehabil. Med. 2014, 7, 233–240. [CrossRef]

26. Clanchy, K.M.; Tweedy, S.; Boyd, R. Measurement of Habitual Physical Activity Performance in Adolescents with Cerebral Palsy:
A Systematic Review. Dev. Med. Child. Neurol. 2011, 53, 499–505. [CrossRef] [PubMed]

27. Puyau, M.R.; Adolph, A.L.; Vohra, F.A.; Butte, N.F. Validation and Calibration of Physical Activity Monitors in Children. Obes.
Res. 2002, 10, 150–157. [CrossRef]

28. Clanchy, K.M.; Tweedy, S.M.; Boyd, R.N.; Trost, S.G. Validity of Accelerometry in Ambulatory Children and Adolescents with
Cerebral Palsy. Eur. J. Appl. Physiol. 2011, 111, 2951–2959. [CrossRef]

29. Bires, A.M.; Lawson, D.; Wasser, T.E.; Raber-Baer, D. Comparison of Bruce Treadmill Exercise Test Protocols: Is Ramped Bruce
equal or Superior to Standard Bruce in Producing Clinically Valid Studies for Patients Presenting for Evaluation of Cardiac
Ischemia or Arrhythmia with Body Mass Index Equal to or Greater than 30? J. Nucl. Med. Technol. 2013, 41, 274–278.

30. Johnston, T.E.; Moore, S.E.; Quinn, L.T.; Smith, B.T. Energy Cost of Walking in Children with Cerebral Palsy: Relation to the Gross
Motor Function Classification System. Dev. Med. Child. Neurol. 2004, 46, 34–38. [CrossRef]

31. Kim, A.R.; Suk, M.H.; Kwon, J.Y. Safety and Feasibility of Symptom-Limited Cardiopulmonary Exercise Test Using the Modified
Naughton Protocol in Children with Cerebral Palsy: An Observational Study. Medicine 2021, 100, e26269. [CrossRef] [PubMed]

https://doi.org/10.1186/s12883-019-1343-1
https://doi.org/10.1001/jama.2015.11025
https://doi.org/10.1016/j.pcad.2017.03.001
https://doi.org/10.1016/j.ridd.2014.03.028
https://www.ncbi.nlm.nih.gov/pubmed/24694659
https://doi.org/10.1016/j.jesf.2021.07.002
https://www.ncbi.nlm.nih.gov/pubmed/34447440
https://doi.org/10.3389/fnut.2014.00005
https://www.ncbi.nlm.nih.gov/pubmed/25988109
https://doi.org/10.1007/s11556-013-0132-x
https://doi.org/10.1038/s41598-022-18845-x
https://doi.org/10.1016/j.jsams.2013.04.019
https://doi.org/10.3109/09638288.2012.715721
https://doi.org/10.2174/1573396311666150501003435
https://doi.org/10.3390/ijerph191811431
https://doi.org/10.1371/journal.pone.0123267
https://doi.org/10.1016/j.pmedr.2016.05.006
https://www.ncbi.nlm.nih.gov/pubmed/27413656
https://doi.org/10.1111/j.1469-8749.2012.04251.x
https://www.ncbi.nlm.nih.gov/pubmed/22414202
https://doi.org/10.1155/2017/8080473
https://www.ncbi.nlm.nih.gov/pubmed/29423412
https://doi.org/10.1111/j.1469-8749.2010.03795.x
https://doi.org/10.3233/PRM-140292
https://doi.org/10.1111/j.1469-8749.2010.03910.x
https://www.ncbi.nlm.nih.gov/pubmed/21418195
https://doi.org/10.1038/oby.2002.24
https://doi.org/10.1007/s00421-011-1915-2
https://doi.org/10.1111/j.1469-8749.2004.tb00431.x
https://doi.org/10.1097/MD.0000000000026269
https://www.ncbi.nlm.nih.gov/pubmed/34398001


J. Clin. Med. 2023, 12, 4548 12 of 12

32. Rosenbaum, P.L.; Walter, S.D.; Hanna, S.E.; Palisano, R.J.; Russell, D.J.; Raina, P.; Wood, E.; Bartlett, D.J.; Galuppi, B.E. Prognosis
for Gross Motor Function in Cerebral Palsy: Creation of Motor De-velopment Curves. JAMA 2002, 288, 1357–1363. [CrossRef]
[PubMed]

33. Nicolini-Panisson, R.D.; Donadio, M.V. Timed “Up & Go” Test in Children and Adolescents. Rev. Paul. Pediatr. 2013, 31, 377–383.
[PubMed]

34. Kear, B.M.; Guck, T.P.; McGaha, A.L. Timed Up and Go (TUG) Test: Normative Reference Values for Ages 20 to 59 Years and
Relationships with Physical and Mental Health Risk Factors. J. Prim. Care Community Health 2017, 8, 9–13. [CrossRef] [PubMed]

35. Bohannon, R.W. Reference Values for the Timed Up and Go Test: A Descriptive Meta-Analysis. J. Geriatr. Phys. Ther. 2006, 29,
64–68. [CrossRef]

36. Carey, H.; Martin, K.; Combs-Miller, S.; Heathcock, J.C. Reliability and Responsiveness of the Timed Up and Go Test in Chil-dren
With Cerebral Palsy. Pediatr. Phys. Ther. 2016, 28, 401–408. [CrossRef]

37. Giannitsi, S.; Bougiakli, M.; Bechlioulis, A.; Kotsia, A.; Michalis, L.K.; Naka, K.K. 6-Minute Walking Test: A Useful Tool in the
Management of Heart Failure Patients. Ther. Adv. Cardiovasc. Dis. 2019, 13, 1753944719870084. [CrossRef]

38. Solway, S.; Brooks, D.; Lacasse, Y.; Thomas, S. A Qualitative Systematic Overview of the Measurement Properties of Function-al
Walk Tests used in the Cardiorespiratory Domain. Chest 2001, 119, 256–270. [CrossRef]

39. Beriault, K.; Carpentier, A.C.; Gagnon, C.; Ménard, J.; Baillargeon, J.-P.; Ardilouze, J.-L.; Langlois, M. Reproducibility of the
6-Minute Walk Test in Obese Adults. Int. J. Sport. Med. 2009, 30, 725–727. [CrossRef]

40. Nsenga Leunkeu, A.; Shephard, R.J.; Ahmaidi, S. Six-Minute Walk Test in Children with Cerebral Palsy Gross Motor Function
Classification System Levels I and II: Reproducibility, Validity, and Training Effects. Arch. Phys. Med. Rehabil. 2012, 93, 2333–2339.
[CrossRef]

41. Suk, M.H.; Kwon, J.Y. Effect of Equine-Assisted Activities and Therapies on Cardiorespiratory Fitness in Children with Cerebral
Palsy: A Randomized Controlled Trial. J. Integr. Complement. Med. 2022, 28, 51–59. [CrossRef] [PubMed]

42. Hanna, S.E.; Rosenbaum, P.L.; Bartlett, D.J.; Palisano, R.J.; Walter, S.D.; Avery, L.; Russell, D.J. Stability and Decline in Gross
Motor Function Among Children and Youth with Cerebral Palsy aged 2 to 21 years. Dev. Med. Child. Neurol. 2009, 51, 295–302.
[CrossRef] [PubMed]

43. Ryan, J.M.; Hensey, O.; McLoughlin, B.; Lyons, A.; Gormley, J. Reduced Moderate-to-Vigorous Physical Activity and Increased
Sedentary Behavior Are Associated with Elevated Blood Pressure values in Children with Cerebral Palsy. Phys. Ther. 2014, 94,
1144–1153. [CrossRef]

44. Ciumărnean, L.; Milaciu, M.V.; Negrean, V.; Orăs, an, O.H.; Vesa, S.C.; Sălăgean, O.; Iluţ, S.; Vlaicu, S.I. Cardiovascular Risk Factors
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