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Objective: This study’s purpose was to investigate the effects of different intensities
of physical activity on cardiovascular metabolism in obese children and adolescents
based on an isochronous replacement model.

Methods: A total of 196 obese children and adolescents (mean age, 13.44 ±
1.71 years) who met the inclusion criteria and attended a summer camp from July
2019 to August 2021 were recruited for this study, and all subjects wore a GT3X +
triaxial motion accelerometer uniformly around the waist to record physical activity
levels. We collected the subjects’ height, weight, and cardiovascular risk factors such
as waist circumference, hip circumference, fasting lipids, blood pressure, fasting
insulin, and fasting glucose before and after 4 weeks of camp and constructed
cardiometabolic risk score (CMR-z). We analyzed the effects of different intensities of
physical activity on cardiovascular metabolism in obese children using isotemporal
substitution model (ISM).

Results: After 4 weeks, cardiovascular risk factors such as body weight, waist
circumference, triglyceride, and total cholesterol were reduced in adolescents
with obesity (p <0.01), and CMR-z was also reduced (p <0.01). ISM analysis
revealed that all sedentary behavior (SB) replacement with 10 min of light physical
activity (LPA) reduced CMR-z [β = −0.10, 95% CI (−0.20, −0.01)]; 10-min of moderate
physical activity (MPA) replacement of SB reduced CMR-z [β = −0.32, 95% CI
(−0.63, −0.01)]; 10-min of vigorous physical activity (VPA) replacement of SB
reduced CMR-z [β = −0.39, 95% CI (−0.66, −0.12)].

Conclusion: Replacement of SB with 10 min of LPA, MPA, and VPA were all effective
in improving cardiovascular risk health, respectively, but MPA or VPA was more
effective.
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1 Introduction

As of 2015, there were approximately 107 million obese children
and adolescents worldwide, with more than 70 countries experiencing
a twofold increase in the prevalence of childhood and adolescent
obesity compared with 1970 (Collaborators et al., 2017). Along with
the increased prevalence of obese children and adolescents,
cardiovascular disease has become a substantial social problem and
has significantly increased the medical burden on society (Gortmaker
et al., 1993; Lightwood et al., 2009). Studies have found that obese
children and adolescents have a significantly higher risk of developing
cardiovascular risk factors such as insulin resistance, type 2 diabetes
mellitus, dyslipidemia, and hypertension than children and
adolescents of normal weight (Tounian et al., 2001; Järvisalo et al.,
2002; Kit et al., 2015; American Diabetes Association, 2017), and
obesity in children and adolescents can lead to a significantly higher
incidence of cardiovascular disease in adulthood (Tirosh et al., 2011;
Berenson and Bogalusa Heart Study group, 2012; Drozdz et al., 2021).
An important cause of childhood obesity is decreased physical activity
and increased sedentary behavior (SB) time. Several extensive research
studies have shown that SB time, especially screen time, increases
every year in children and adolescents and that the attainment rate of
physical activity is low, especially among obese children (Cooper et al.,
2015; Larouche et al., 2017; Larouche et al., 2019; Zhu et al., 2019).

Total physical activity (TPA) includes SB, light physical activity
(LPA), moderate physical activity (MPA), and vigorous physical
activity (VPA); the duration of SB is strongly associated with
cardiovascular risk (Buman et al., 2014; Lavie et al., 2019).
Increasing moderate-intensity physical activity can offset the
increased cardiovascular risk caused by sedentary hypermobility
(Ekelund et al., 2016). In a prospective meta-analysis study, Skrede
et al. (2019) found that moderate-vigorous physical activity (MVPA)
levels in children and adolescents were significantly and negatively
associated with the risk of cardiovascular morbidity. Skrede et al.
(2017) found that increasing the duration of MPA was effective in
reducing cardiometabolic risk in children. The World Health
Organization (WHO) also recommends that children and
adolescents accumulate at least 60 min of moderate-to-vigorous
intensity physical activity per day (Chaput et al., 2020).

Despite the effectiveness of MVPA in reducing cardiovascular
disease risk, previous studies have usually examined different
intensities of physical activity and SB as independent factors,
ignoring the interactive effect of SB with different PA on
cardiovascular risk. The 24 h of a day mainly includes sleep, SB,
LPA, MPA, and VPA, thus adding more of one activity requires a
corresponding reduction of another one (Chastin et al., 2015). The
isotemporal substitution model (ISM) is a novel statistical research
method in epidemiological studies that can effectively explore the
effects on health when PA varies in intensity and is also easy to apply
in clinical practice (Mekary et al., 2009). Lemos et al. (2021) found that
decreasing SB and increasing physical activity practice can effectively
improve cardiorespiratory fitness in children. Although ISM can
explore the relationship between a specific physical activity and
health outcomes, the results were not always consistent. Sardinha
et al. (2017) found only MVPA can effectively promote health, not for
LPA. Sun et al. (2020) also found that reallocating SB into MVPA can
effectively improve cardiorespiratory fitness. LPA is an important
component of daily physical activity (Carson et al., 2013), whether
reallocating SB into LPA is effective in improving health remains to be

further investigated. At present, there are relatively few studies based
on ISM on Cardiometabolic risk (CMR) in obese children. Therefore, a
specific, ISM-based approach is also needed to explore the effects of
different intensities of PA on CMR when substituted for one another,
providing a highly valuable quantitative basis for public health policy
making.

The purpose of this study was to investigate the effects of SB
replacement with different intensities of PA on cardiovascular risk
factors and cardiovascular risk in obese pediatric adolescents based on
an isochronous replacement model.

2 Participants and Methods

2.1 Participants

The participants in this study were obese children and adolescents
who participated in a summer camp between July 2019 and August
2021 (Figure 1; Table 1). The inclusion criteria for subjects were that
they: 1) met the obesity identification criteria in Chinese children and
adolescents (GoCOT and Force, 2004), 2) could cooperate with
researchers to complete relevant tests, and 3) could participate in
sports training normally. Exclusion criteria were: 1) pathological
obesity (BMI ≥40 kg/m2), 2) being unable to participate in normal
exercise training, 3) taking medication for obesity or being medically
diagnosed as unfit for exercise, or 4) suffering from psychiatric
disorders. All subjects and parents were informed of the possible
risks associated with the experiment and signed an informed consent
form before the experiment. The subjects finished the self-reported
pubertal development scale, which can effectively evaluate the puberty
development stage of Chinese children and adolescents (Zhu and
Chen, 2012). This study was approved by the Ethics Committee of
Guangzhou Sports Institute (Approval number: 2018LCLL-008).

This study calculated the overall sample size based on Tabachnick
and Fidell’s formula: n > 50 + 8 × m (m is the number of independent
variables) (Tabachnick and Fidell, 2007). There are seven variables in

FIGURE 1
Participants screened flow chart.
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this study (m = 7), thus according to the equation the effective sample
size should be at least 106 (n >50 + 8 × 7).

2.2 Body morphology and cardiovascular risk
factor measurements

The subjects’ basic information was collected, such as height,
weight, age, gender, waist circumference (WC), and hip circumference
(HC). Height measured with height meter that was accurate to 0.1 cm
(RuKe RK001, Zhejiang, China); we measured weight using an
electronic scale that was accurate to 0.1 kg. WC and HC were
measured by using a non-elastic leather ruler (RHOS, GC059,
Guangdong, China), which was accurate to 0.1 cm and placed
directly on the skin at the midpoint between the lower border of
the rib cage and the iliac crest of the waist (Physical status, 1995) and at
the maximum extension of the buttocks for the hip (Wang et al., 2000).
Blood pressure were measured by electronic sphygmomanometer
(Omron, HEM-1020, Japan) in a sitting position with at least
5 min of quiet rest before measurement. Each subject was
measured 3 times, with at least 1 min between each measurement,
and took the average value. If the difference between any two
measurements was greater than 10 mmHg, the closest two
measurements were taken to calculate the average value as the final
blood pressure value. To guarantee the quality control of the
measurements, BW, height, HC, and WC were measured twice by
a single evaluator and average value was taken: The values of the
technical error of measurement range from 1.0 to 2.0%. Before the
study begins, a specialist in anthropometric measurements provided a
theoretical and practical training to the evaluator, and dozens of
children and adolescents were measured at the same time by the
specialist and the evaluator to confirm that the measurements were
accurate.

Fasting venous blood samples were collected in the early morning
(fasting for more than 12 h) and extracted the supernatant after low-
temperature centrifugation and stored it in a refrigerator at −80°C for
measurement. Fasting plasma glucose was measured by the glucose
oxidase method (Beijing North Biotechnology Invest, China) with the
sensitivity was 10 μmol/L. Fasting plasma insulin were determined by
electrochemiluminescence method (Guangzhou Bioman
Biotechnology Invest, China) with the sensitivity was 1.0 pmol/L.
Total cholesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c) by
fully automatic biochemical analyzer (Beckman Automatic
Biochemical Analyzer, AU5800, United States).

2.3 Cardiovascular metabolic risk Z-Score

To assess cardiometabolic risk in children and adolescents, fasting
insulin (FINs), FPG, WC, HDL-c, TC, and mean artery pressure
(MAP) were standardized and added together to construct a
cardiometabolic risk score (CMR-z, see calculation Eq. 1)
(Andersen et al., 2006; Cliff et al., 2014; Väistö et al., 2014; Väistö
et al., 2019). MAP is expressed as the mean of the sum of systolic and
diastolic blood pressure; because elevated HDL-c is a protective factor
for cardiometabolic risk, it is processed by multiplying by −1 and then
normalizing. A larger CMR-z score indicates greater cardiovascular
risk (Ekelund et al., 2007).

CMR − z � Z FINs( ) + Z FPG( ) + Z WC( ) + Z HDL−c( ) + Z TC( ) + Z MAP( )
(1)

2.4 Exercise intervention program

The exercise intervention was 240 min per day: 120 min in the
morning and 120 min in the afternoon, from 09:00–11:00 and from 15:
00–17:00. Participants warmed up for 15 min before each exercise
training and stretched and relaxed for 15 min after the training. The
forms of exercise training were mainly different forms of aerobic
exercises, such as running, jumping, gymnastics, badminton, rugby,
basketball, etc., Participants wore a Polar heart rate band (Polar, OH1,
Finland) during exercise training to monitor the intensity of exercise,
and the overall exercise intensity was maintained at between 60% and
70% of maximal heart rate.

2.5 Diet program

A specialized dietitian developed the participants’ diet, prepared
the meals, and recorded both the type and weight of the food. During
the exercise intervention, daily energy supply according to the Molnár
equation (Molnár et al., 1995) after calculating the resting energy
expenditure (REE) of obese children. Dietary caloric supply based on
the resting metabolic level. The dietitian matched the diet types
according to the Dietary Guidelines for Chinese Residents, in
which the ratio of energy supply was 30%:40%:30% for morning,
midday, and evening meals; the ratio of caloric distribution of
carbohydrates, protein, and fat in the diet was 55%–65%:20%–30%:
10%–15%. Mainly, the food types included fresh vegetables, fruits,
eggs, meat, and cereals.

TABLE 1 Baseline characteristics of Participants.

Total (n = 196) Boys (n = 106) Girls (n = 90) P

Age (years) 13.44 ± 1.71 13.23 ± 1.83 13.69 ± 1.53 0.06

Body Weight (kg) 81.97 ± 15.16 83.71 ± 16.27 79.91 ± 14.40 0.09

Height (cm) 163.56 ± 8.66 165.18 ± 9.48 161.65 ± 7.23 <0.01

BMI (kg/m2) 30.52 ± 4.22 30.54 ± 4.11 30.50 ± 4.36 0.94

REE (kcal/d) 1758.05 ± 245.51 1864.50 ± 232.36 1632.67 ± 197.41 <0.01

BMI, body mass index; REE, rest energy expenditure; p-values refer to systematic differences between boys and girls.
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2.6 Physical activity monitoring and data
interception

ActiGraph GT3X + tri-axial motion accelerometer (ActiGraph,
Pensacola, United States) were used to record the physical activity of
the subjects during training. Basic information (height, weight, date of
birth, etc.,) was entered into the ActiGraph GT3X + tri-axial exercise

accelerometer using Actilife software (ActiLife 6, Pensacola,
United States); The purpose, method, and precautions for wearing
the device were explained before distributing it. The ActiGraph GT3X
+ tri-axial motion accelerometer was set to a sampling frequency of
30 Hz and a sampling interval of 60 s. Participants wore the device
from 09:00 to 21:00 each day for a total of 12 h. Each participant wore
the device at least 3 days per week for at least 2 weeks.

TABLE 2 Participants’ average daily physical activity of different intensities.

Total (n = 196) Boys (n = 106) Girls (n = 90) P

SB 274 ± 53 269 ± 52 280 ± 54 0.14

LPA 241 ± 46 242 ± 49 240 ± 42 0.81

MPA 38 ± 14 40 ± 15 35 ± 13 0.02

VPA 35 ± 16 36 ± 17 33 ± 15 0.10

TPA 587 ± 67 587 ± 67 588 ± 66 0.90

LPA, light physical activity; MPA, moderate physical activity; SB, sedentary behavior; VPA, vigorous physical activity; TPA, total physical activity; p-values refer to systematic differences between boys

and girls.

TABLE 3 Changes in morphological indicators and CMR factors.

Pre-intervention Post-intervention Changes P

Body weight (kg) 81.97 ± 15.52 74.48 ± 14.29 −7.49 ± 2.97 <0.01

BMI 30.52 ± 4.22 27.71 ± 3.87 −2.81 ± 1.15 <0.01

HC (cm) 107.25 ± 9.43 101.19 ± 9.37 −6.06 ± 2.99 <0.01

WC (cm) 99.50 ± 12.00 91.58 ± 10.96 −7.93 ± 4.40 <0.01

FINs (mIU/L) 13.67 ± 8.68 10.67 ± 6.26 −3.01 ± 7.58 <0.01

FPG (mmol/L) 4.74 ± 0.79 4.67 ± 0.82 −0.07 ± 0.92 0.38

TG (mmol/L) 1.24 ± 0.58 0.79 ± 0.36 −0.45 ± 0.50 <0.01

TC (mmol/L) 4.71 ± 1.02 3.74 ± 0.75 −0.97 ± 0.72 <0.01

HDL-c (mmol/L) 1.15 ± 0.24 1.16 ± 0.26 −0.01 ± 0.23 0.58

SBP (mmHg) 113.27 ± 10.53 105.65 ± 10.36 −7.62 ± 9.45 <0.01

DBP (mmHg) 68.75 ± 8.74 63.04 ± 8.42 −5.71 ± 8.67 <0.01

MAP (mmHg) 91.01 ± 8.26 84.34 ± 8.15 −6.67 ± 7.45 <0.01

CMR-z 1.39 ± 2.50 −1.39 ± 2.21 −2.78 ± 2.33 0.02

BMI, body mass index; CMR-z, Cardiometabolic risk Z-score; DBP, diastolic blood pressure; FINs, Fasting Insulin; FPG, fasting plsma glucose; HC, hip circumference; HDL-c, High-density

Lipoprotein Cholesterol; MAP, mean artery pressure; SBP, systolic blood pressure; TG, triglyceride; TC, total cholestero; WC, waist circumferencel.

TABLE 4 Correlation between CMR factors changes with different intensities of physical activity and TPA.

ΔFINs ΔFPG ΔMAP ΔTC ΔWC ΔHDL-c ΔCMR-z

SB 0.16* 0.06 0.11 0.17* 0.17* −0.13 0.27

LPA −0.25** 0.04 0.09 −0.22** 0.20** 0.17* −0.15*

MPA −0.21** −0.18** 0.01 −0.26** −0.20** 0.24** −0.38**

VPA −0.25** −0.17* −0.04 −0.29** −0.16* 0.19** −0.39**

*: p <0.05, **: p <0.01.
CMR-z, cardiometabolic risk Z-score; FINs, fasting insulin; FPG, fasting plsma glucose; HDL-c, high-density lipoprotein cholesterol; LPA, light physical activity; MPA, moderate physical activity; SB,

sedentary behavior; TC, total cholestero; TPA: total physical activity; VPA, vigorous physical activity; WC, waist circumferencel.
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Actilife software intercepted the motion intensity based on the
recorded vector magnitude values of ActiGraph GT3X+, and the
formula for calculating vector magnitude is shown in Eq. 2, where
Axis 1, Axis 2, and Axis 3 represent the frontal, sagittal, and vertical
axes recorded by ActiGraph GT3X+, respectively. The cut point values
for SB are 0–99 count/min; 100–3686 count/min for LPA,
3687–5246 count/min for MVPA, and ≥5247 count/min for VPA
(the results of this study have not yet been published).

Vector Magnitude �
���������������������
Axis12 + Axis22 + Axis32

√
(2)

2.7 Model building

In this study, three different models, single model, partitionmodel,
and ISM, were used to examine the effects of physical activity of
different intensities on CMR-z after correcting for age and gender,
with sedentary time, low physical activity time, moderate-intensity
physical activity time, and high-intensity physical activity time as
independent variables. We examined the effect of different intensities
of physical activity on CMR-z using sedentary time, low physical
activity time, moderate physical activity time, and high-intensity

FIGURE 2
Effect of 10 min of different intensity physical activity substitution for SB on CMR factors: The difference of FINs (A), FPG (B), HDL-c (C), TC (D), WC (E),
MAP (F). *, P<0.05. Corrections for gender, age, and REE when building the ISM. FINs, Fasting Insulin; FPG, Fasting Plsma Glucose; HDL-c, High-density
Lipoprotein Cholesterol; LPA, Light Physical Activity; MAP, Mean Artery Pressure; MPA, Moderate Physical Activity; TC, Total Cholestero; VPA, Vigorous
Physical Activity; WC, Waist Circumferencel.

TABLE 5 Effects of three different models on ΔCMR-z after substitution for SB with different intensity physical activity.

SB LPA MPA VPA

β(95%CI) P β(95%CI) P β(95%CI) P β(95%CI) P

SM 0.12 (0.05,0.18) <0.01 −0.09 (−0.17,−0.02) 0.02 −0.64 (−0.87,−0.42) <0.01 −0.60 (−0.80,−0.39) <0.01

PM 0.05 (−0.01,0.11) 0.13 −0.05 (−0.13, .02) 0.13 −0.27 (−0.58, 0.04) 0.09 −0.34 (−0.62,-0.07) 0.02

ISM SB Dropped −0.10 (−0.20,−0.01) 0.04 −0.32 (−0.63,−0.01) 0.04 −0.39 (−0.66,−0.20) 0.01

LPA 0.10 (0.01,0.12) 0.04 Dropped −0.22 (−0.55, 0.12) 0.20 −0.29 (−0.57,-0.01) 0.05

MPA 0.32 (0.01,0.63)< 0.04 0.22 (−0.12,0.55) 0.20 Dropped −0.07 (−0.60,0.46)< 0.79

VPA 0.39 (0.12,0.66) 0.01 0.29 (0.01, 0.57) 0.05 0.07 (−0.46, 0.60) 0.79 Dropped

Correction for gender, age, and REE, when building the SM, PM, ISM.

CI, confidence interva; ISM, isotemporal substitution model; LPA, light physical activity; MPA, moderate physical activity; SB, sedentary behavior; SM, single model; PM, partition model; VPA,

vigorous physical activity; TPA, total physical activity.
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physical activity time as independent variables and CMR-z change as
the dependent variable after correcting for age and gender. In this
study, 10 min/d was used as a replacement unit of analysis because
10 min/d is not only the smallest unit of health benefit to an individual
(WHO Guidelines Approved by the Guidelines Review Committee,
2010) but also the shortest duration of health risk from sedentary and
less active behavior (King et al., 2016). In addition, this study further
analyzed the effect of replacing 20 min, 30 min, 40 min, 50 min, and
60 min on CMR-z.

The single model evaluates the effect of a certain intensity of physical
activity on outcome indicators alone, without considering other physical
activity intensity times. For example, to evaluate the effect of LPA on
CMR-z, ΔCMR-z = (β0) LPA + (β1) covariate.

The partition model is a statistical model in which all activity times
are included in the analysis, and the coefficient of each physical activity
represents the effect of changing the time of a certain physical activity
on the outcome indicator, provided that the intensity of other physical
activities remains constant. For example, ΔCMR-z = (β0) SB + (β1)
LPA + (β2) MPA + (β3) VPA + (β4) covariates.

The ISM is to replace one physical activity intensity time with
another physical activity intensity time in the same time period to
calculate the effect of the replacement on the outcome index,
which is a dummy effect estimation based on the premise of
constant physical activity time. For example, ΔCMR-z = (β0) SB +
(β1) LPA + (β2) MPA + (β3) total physical activity time + (β4)
covariates whereas β0 in the formula represents the effect on the
outcome indicator caused by replacing VPA with SB per unit
of time.

2.8 Statistical analysis

The R (version 4.2.0, https://www.r-project.org/) and SPSS 25.0
(SPSS, Inc., Chicago, IL, United States) software were used for the
statistical analysis of the data. The data were expressed as mean ±
standard deviation (mean ± SD) and analyzed for before and after
differences using one-way ANOVA. The Shapiro–Wilk test was used
to verify normal data distribution. Δ + index represent the difference
between pre- and post-intervention. We analyzed the correlation
between CMR-z and time spent in physical activity of different
intensities using Person correlation analysis; p <0.05 indicates
statistical significance.

3 Results

3.1 Baseline characteristics of participants

A total of 196 eligible subjects, 106 boys and 90 girls, were included in
the final analysis. The body weight of the boys was greater than that of the
girls, but there was no other difference between them (p >0.05). Height
and REE were higher in boys than in girls (p <0.01), as shown in Table 1.

3.2 Daily physical activity

The average daily physical activity of all subjects was 588 ±
67 min, of which 274 ± 53 min were SB, which was much higher
than MPA and VPA. The SB duration was longer in girls than boys

(p = 0.14) whereas the VPA duration was longer in boys but with
no differences (p = 0.10), as shown in Table 2.

3.3 Changes in morphological indicators and
CMR factors

After the 4-week intervention, subjects showed significant changes
in most indicators. Subjects’morphological indicators, such as weight,
BMI, HC, and WC, were improved (p <0.01). Cardiovascular risk
factors FINs, TG, TC, systolic blood pressure, diastolic blood pressure,
and MAP were reduced after the intervention (p <0.01), but FPG and
HDL-c did not show significant changes (p >0.05); CMR-z showed a
significant reduction (p = 0.02) (Table 3).

3.4 Correlation between CMR factor changes
with different intensities of physical activity
and TPA

After 4 weeks of intervention, Pearson correlation analysis of
CMR factors changes, CMR-z with different physical activity
intensities, and TPA revealed that FINs, FPG, TC, and TG were all
significantly negatively correlated with LPA, MPA, and VPA and
significantly positively correlated with SB. The CMR-z analysis also
found significant negative correlations with LPA, MPA, and VPA and
positive correlations with SB (Table 4).

3.5 Effect of 10min of different intensity
physical activity substitution for SB on CMR
factors

Based on the ISM at 10 min, LPA, MPA, and VPA were
substituted for SB, and the CMR factors were largely effectively
improved. LPA improved the blood indexes FINs [β = −0.49 mIU/
L, 95% CI (−0.81, −0.17)]; TC [β = −0.04 mmol/L, 95% CI
(−0.07, −0.01)]; and HDL-c [β = 0.01 mmol/L, 95% CI (0.01,
0.02)]. VPA improved FINs [β = −1.10 mIU/L, 95% CI
(−2.01, −0.188), p = 0.02] and TC [β = −0.11 mmol/L, 95% CI
(−0.20, −0.02)]; and MPA improved WC [β = −0.69 cm, 95% CI
(−1.28, −0.09)]. MAP and FPG were not changed (Figures 2A–F).

3.6 Effects of different intensity physical
activity substitutions for SB on ΔCMR-z under
different models

Under the single model, 10 min of SB led to an increase in CMR-z
whereas 10 min of LPA (p = 0.02), MPA (p <0.01), and VPA (p <0.01)
reduced CMR-z levels, and MPA had the most significant effect.
However, in the partition model, only VPA reduced CMR-z levels
[β = −0.34, 95% CI (−0.62, −0.07)]. SB led to an increase in CMR-z
levels, and LPA andMPA reduced CMR-z, but none of the effects were
significant (p >0.05) (see Table 5).

Under the ISM, 10 min of LPA reduced CMR-z [β = −0.10, 95% CI
(−0.20, −0.01)]; 10 min of MPA also reduced CMR-z [β = −0.32, 95%
CI (−0.63, −0.01)]; 10 min of VPA reduced CMR-z [β = −0.39, 95% CI
(−0.66, −0.12)] (see Table 5).
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3.7 Effect of 20min, 30min, 40min, 50min,
and 60min of LPA, MPA, or VPA substitution
for SB on CMR-z

The improvement in CMR-z was further amplified after substituting
for SB for 20 min, 30 min, 40 min, 50 min, and 60 min of LPA,MPA, and
VPA. The ΔCMR-z was [β = −0.31, 95% CI (−0.58, −0.03)] when using
30 min of LPA for substitution and [β = −0.61, 95% CI (−1.16, −0.06)] at
60 min ΔCMR-z was [β = −0.96, 95% CI (−1.88, −0.04)] when using
30 min of MPA for substitution and [β = −1.92, 95% CI (−3.76, −0.09)] at
60 min ΔCMR-z was [β = −1.18, 95% CI (−1.99, −0.37)] when using
30 min of VPA for substitution and [β = −2.34, 95% CI (−3.95, −0.72)] at
60 min (Figures 3A–C).

4 Discussion

The main findings of this study were as follows: 1) 10 min of LPA,
MPA, and VPA per day were effective in reducing CMR-z in obese
children and adolescents after substituting them for SB, which further
verified that reducing SB was effective in reducing cardiovascular risk in
obese children; 2) there was no significant reduction in CMR-z after
replacing LPA with MPA for 10 min per day whereas 10 min of VPA
replacing LPA significantly decreased CMR-z; however, MPA and VPA
did not show significant improvement in CMR-z after replacing each
other. This suggests that increasing the duration of MPA and VPA and
reducing SB are effective in reducing cardiovascular risk and that MPA
and VPA are more effective than LPA in improving cardiovascular risk in
obese children. For cardiovascular disease factors, the differences were not
significant between LPA, MPA, and VPA, and longer intervention
duration will be conducted.

The 24 h of a day mainly includes sleep, SB, LPA, MPA, and VPA,
thus adding more of one activity requires a corresponding reduction of

another one (Chastin et al., 2015). Studies of obese children and
adolescents have found that when the daily SB duration is longer, the
LPA, and MVPA duration will be shorter (Schwarzfischer et al., 2019).
Previous research models on cardiovascular risk in obese children
have explored the effects of CMR and cardiovascular risk factors after
simply increasing the duration of LPA, MPA, or VPA (i.e., single
model), and this statistical analysis method does not consider that
increasing the duration of LPA, MPA, or VPA alone may amplify the
effects of the intervention (consistent with the single model results of
this study). By contrast, partition model analysis found no significant
effect of SB, LPA, andMPA onCMR-z whereas only VPAwas effective
in reducing CMR-z. When partition model analysis was performed,
because TPA was not included in the model, its coefficient indicated
only the effect of increasing the duration of that type of PA on CMR-z,
which can lead to contradictory results due to the interaction between
variables.

In this study, the ISM revealed that substituting 10 min of LPA,
MPA, and VPA for SB was effective in reducing CMR-z in obese
children and adolescents. Further analysis revealed that VPA may
have the best intervention effect. In addition, the significant reduction
in CMR-z after SB replacement with LPA suggests that for obese
children and adolescents, the primary goal of improving
cardiometabolic health is to reduce SB and increase physical activity.

SB is mainly defined as a quiet, awake activity in a sitting or lying
position; metabolic equivalents ≤1.4 METs (Tremblay et al., 2017).
One study found that children and adolescents spend up to 400 min/d
in sedentary hypermobility, including 150 min of screen time (Barnett
et al., 2018). SB has a strong positive correlation with obesity and
increases the risk of developing cardiovascular risk factors such as
T2DM, hypertension, and dyslipidemia in childhood (Carson et al.,
2016). The possible mechanisms by which SB leads to elevated
cardiovascular risk in the organism are mainly hemodynamic
stimulation (Johnson et al., 2011), chronic inflammatory response

FIGURE 3
Effect of 20 min, 30 min, 40 min, 50 min and 60 min LPA (A), MPA (B), VPA (C) substitution for SB on CMR-z. CMR-z, Cardiometabolic risk Z-score; LPA,
light physical activity; MPA, moderate physical activity; SB, sedentary behavior; VPA, vigorous physical activity.
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(Howard et al., 2015), and metabolic marker aggregation (Carter et al.,
2017). Therefore, reducing SB is essential to reducing
cardiovascular risk.

Although studies have confirmed that increasingmoderate-to-vigorous
physical activity is essential for reducing cardiovascular risk, most current
studies are based on adults (Giada et al., 2008;Han et al., 2018). For children
and adolescents, the improvement effects of different intensities of physical
activity are poorly understood. Although current evidence does not yet
precisely confirm the differences between the improvement effects of
different intensities, it appears that the longer the duration of MVPA,
the more significant the health benefits (Carson et al., 2013). Ekelund et al.
(2012)) found from a pooled analysis of 14 independent studies that longer
daily MVPA time was associated with lower levels of cardiovascular risk
factors such as WC, blood pressure, TC, and FINs in children and
adolescents. Knaeps et al. (2018) also showed that reducing sedentary
and less-active time and increasing MVPA activity time were effective in
improving cardiovascular health and reducing cardiovascular risk. Both the
American Academy of Pediatrics and theWHO recommend that children
and adolescents participate in at least 60 min of MVPA and less than
120min of screen time daily (Barlow and Expert Committee, 2007; Bull
et al., 2020). The European Society of Endocrinology and the Pediatric
Endocrine Society recommend that obese children and adolescents reduced
inactivity time and increase a minimum of 20min of MVPA daily, with a
goal of 60 min (Styne et al., 2017). Therefore, increasing MPA and VPA
levels is essential to reducing cardiovascular risk in obese children.

Although MVPA is essential for improving cardiometabolic
health, the volume of physical activity diminishes with increasing
intensity, and LPA is an important component of daily physical
activity (Carson et al., 2013). Therefore, the findings from this
study have potentially important public health implications.
Although participating in MVPA for 60 min or more per day
remains the ideal goal, this may not be realistic for some chindren
and adolescents. LPA is easier to achieve and promote than MVPA,
especially among obese pediatric adolescents who do not meet
physical activity recommendations.

Research studies have found that the rate of physical inactivity (less
than 60 min of MVPA per day) among students aged 11–17 years is as
high as 81.0% (Guthold et al., 2020), which is an important contributing
factor to the increased incidence of cardiovascular disease in children. In
particular, the impact of measures such as segregation, home study, and
elimination of group sports since the COVID-19 pandemic has also led to
increased physical inactivity in children and adolescents (Trott et al.,
2022). Evidence suggests that more than half of SB time among children
and adolescents occurs after school (Arundell et al., 2016), so increasing
after-school PA levels is important in improving PA deficits (Daly et al.,
2021; Neil-Sztramko et al., 2021). This also suggests the need for future
school, community, and clinical strategies to improve cardiovascular
health in obese children (Ainsworth, 2016).

5 Strengths and limitations

The subjects of this study were obese children and adolescents who
attended summer camps, during which there were planned exercise
training, standardized daily management, and avoidance of
interference factors, which directly reflected the effects of different
intensities of physical activity on cardiovascular risk, which also better
informed the development of policies related to physical activity in
children and adolescents. However, the sleep duration of the subjects

was not included in the model for analysis in this study. Some studies
have found that sleep duration may also affect cardiovascular risk
factors (Saunders et al., 2016).

6 Conclusion

Increasing LPA was effective in improving cardiometabolic risk in
obese children, and the more intense the exercise, the more significant the
improvement. Increasing the duration of LPA, MPA, and VPA can further
improve the effect.
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