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Abstract
Both sedentary behavior (SB) and physical activity (PA) are associated with cardiorespiratory fitness (CRF) and independent of each
other. Due to the limited time during school for children and adolescents, it is necessary to explore the isotemporal substitution of SB
for PA on CRF.
A total 536 eligible participants selected from the 7 traditional administrative regions of China were included in this study. The

outcome was CRF, determined using a 20-meter shuttle run test, and exposures were SB, light physical activity (LPA), and
moderate-to-vigorous physical activity (MVPA) measured with accelerometers. We analyzed the cross-sectional associations of
substituting SB with LPA, MVPA, and combinations of LPA and MVPA with CRF, using an isotemporal substitution model.
Reallocating SB intoMVPAwas associated with higher CRF formale (P< .01) and female (P< .01) children and female adolescents

(P< .05). In the mixed redistribution, the ratio of LPA to MVPA for male children and female adolescents started from 16:4 and 14:6,
respectively, tended toward improvements in CRF. For female children, regardless of the ratio of LPA to MVPA, it was always
associated with higher CRF.
Reallocating SB into MVPA isotemporally was positively associated with CRF for male and female children and female adolescents

but not for male adolescents. MVPA is the key factor to improve CRF when combinations of LPA and MVPA replace SB. The
combined approach can provide basis for the selection of target and monitoring variables in intervention studies, and has more
flexible choices for improving CRF that are more consistent with the daily PA habits of children and adolescents.

Abbreviations: BMI = body mass index, CRF = cardiorespiratory fitness, IS = isotemporal substitution, LPA = light physical
activity, MVPA = moderate-to-vigorous physical activity, PA = physical activity, SB = sedentary behavior, SES = socioeconomic
status.
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1. Introduction

Cardiorespiratory fitness (CRF) is the core element of physical
health.[1] In adulthood, low CRF is highly associated with
cardiovascular disease, all-cause death, diabetes, and stroke.[2–4]

In childhood and adolescence, good CRF can reduce rates of
overweight and obesity,[5] promote healthy bone development,
maintain good mental health,[1] and reduce the risk of developing
cardiovascular diseases in adulthood.[6] In recent decades, the
CRF of children and adolescents worldwide has shown a
declining trend.[7] Identifying the factors closely related to CRF
has become an important research issue in the field of public
health, to explore effective methods to improve the CRF of
children and adolescents.
Longitudinal studies have found that physical activity (PA) in

children and adolescents is associated with CRF at a low to
moderate level.[8,9] Although PA is not as important as genetic
factors in CRF,[10] increasing moderate-to-vigorous physical
activity (MVPA) can substantially improve CRF in children and
adolescents who are physically inactive.[9] At the same time,
studies have shown that the effect of sedentary behavior (SB) on
CRF is independent of PA, and even an additional increase in
MVPA cannot offset the adverse effects of SB on CRF for a long
period.[11] Because the available time in each day is limited,
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adding time for 1 activity inevitably reduces the time for another.
Children and adolescents have relatively fixed schedules during
the school year, and it is often difficult for them to find additional
time for MVPA. Can we replace SB with MVPA and maintain
consistency in the overall time spent engaged in PA, to promote
the improvement of CRF? The use of an isotemporal substitution
(IS) model makes it possible to test this idea. The IS model can
well simulate the effect on CRF of replacing SB with time
equivalent to MVPA without increasing the overall time. Studies
in adults have shown that replacing SB with MVPA or even light
physical activity (LPA) can significantly improve CRF in middle-
aged and older people.[12,13] Studies in children and adolescents
have shown that replacing SB with MVPA or VPA can effectively
reduce body mass index (BMI), waist circumference, and the risk
of metabolic disease.[14–16] There are fewer studies assessing the
association of reallocating SB into MVPA on CRF, but limited
evidence suggests that replacing SB with MVPA was positively
associated with children’s CRF.[17–19] However, compared with
children, adolescents are in the period of puberty and changes in
body composition may affect the relationship between PA and
CRF.[20] Thus, in adolescents, it remains unclear whether there
are beneficial effects on CRF from replacing SB with higher-
intensity PA. The choices of alternative time length differed
widely in the existing research. Santos et al[17] and Jones et al[19]

used a 30-minute substitution time to investigate the effect on
CRF of replacing SB with PA of different intensities; however, the
30-minute substitution time was clearly too ambitious and
difficult to achieve.[17,21] Collings et al[18] chose an alternative
length of 10 minutes, which may accumulate less time for MVPA
than the recommended amount of 60 minutes. Further research is
needed on how to determine the appropriate substitution time
duration. In addition, it is difficult to strictly substitute a single
intensity of PA for SB in daily life. The components of PA in
children and adolescents are complex, and engaging in PA for a
period often involves a mixture of different intensities of
activity,[22] making it impossible to accurately evaluate the
components of PA that replace SB, and leading to a lack of
practical guidance in the research findings.
The aim of this study was to determine the associations of

reallocating 20 minutes of SB into LPA, MVPA, and combina-
tions of LPA and MVPA with CRF in children and adolescents
between the ages of 7 and 18.
2. Methods

2.1. Participants

From March to July 2019, the research team recruited a total of
840 participants aged 7 to 18 years in 7 cities (Shanghai, Taiyuan,
Guangzhou, Changsha, Urumqi, Chengdu, and Kunming) to
participate in the research project. One primary school, 1 middle
school, and 1 high school were randomly selected from each city,
and 5 male and female students were randomly selected from
each grade in each school. All participants had no health
problems and could perform a physical fitness test. To avoid bias
in testing methods, the research team conducted a unified training
for the physical education teachers. The same instruments were
used in the test. Before the investigation, students and parents
were told that the purpose of the study was to understand the PA
levels of the students. Written informed consent was obtained
from all students and parents. This investigation was conducted
as an anonymous survey. We excluded 185 participants who did
2

not complete the 20-meter shuttle run test (20-m SRT). As this
study relied on the validity of accelerometer data, 119
participants were excluded because they did not meet the criteria
for wearing an accelerometer. Thus, a total of 536 eligible
participants were included in the study.
2.2. Measurements
2.2.1. CRF. In this study, a 20-m SRTwas used to evaluate CRF.
After a warm-up, participants stood on 1 of 2 lines 20 meters
apart and ran back and forth to amusical tempo, which increased
from slow to fast. The initial stage speed was 8.5km/h, and the
second stage was 9.0km/h. Subsequently, the speedwas increased
by 0.5km/h with each step. When participants could no longer
maintain the speed set by themusic and stopped running halfway,
or if they could not reach the end line twice in a row before the
music started, the test was terminated. The total number of round
trips was taken as the final score.[23] To calculate the maximal
oxygen consumption (VO2max), we included 20-m SRT perfor-
mance, sex, age, and BMI in the following formula: VO2max

(mL·kg�1·min�1)= 61.1� 2.20 (sex: M = 0; F= 1)� 0.462 (age)
� 0.862 (BMI) + 0.192 (total laps).[24] 20-m SRT has a high
correlation with VO2max, an important index reflecting CRF,
which can be used to evaluate CRF for children and
adolescents.[25]

2.2.2. PA. PA was measured over 7 consecutive days with a
GT3X+ (ActiGraph, Pensacola, FL) worn at the right hip. The
epoch duration was set to 5 second. After 7 days of wearing the
accelerometer, the participant removed the accelerometer and
immediately exported and saved the accelerometer data using
ActiLife version 6.10.2 software. As the accelerometer wear time
criteria included in the analysis, we followed Adilson et al and
defined 1 valid day as a wear time of more than 600 minutes for 1
day of wearing an accelerometer, totaling 3 effective days and
above, and including at least 2 school days and 1 weekend day
(Saturday and/or Sunday).[26] The cut-points of Evenson et al was
adopted to classify SB (0–100counts/min), LPA (101–2295
counts/min), MPA (2296–4011counts/min), and VPA (4012
counts/min or more).[27] The cut-points used in this study had
high validity and reliability in evaluating PA of children and
adolescents.[28]

2.2.3. Covariates. The following variables were considered
potential confounders: residence, socioeconomic status (SES),
sleep time, and BMI; questionnaires were conducted to collect
information on these variables. Residence was divided into urban
or rural. Parental education, parental occupation, and household
income were used to assess children’s SES.[29] Sleep time was
reported by the individual, as the time from going to bed at night
to getting up in the morning. Body height was determined to the
nearest 0.1cm using a mechanical height gauge, with the
participant wearing no shoes. Body weight was measured to
the nearest 0.1kg using an electronic scale, with the participant
wearing light clothing and no shoes. BMI was calculated using
the weight and height.
2.3. Statistical analysis

A Kolmogorov–Smirnov test was used to test the normality of all
variables. One-way ANOVA (for parametric variables) and
Mann–Whitney U test (for non-parametric variables) were used
to compare the differences between males and females. VO2max



Table 1

Descriptive characteristics of participants.

Children (n=261) Adolescents (n=275)

Males (n=159) Females (n=102) Males (n=97) Females (n=178)

Age (yr) 10.1±1.9 9.0±1.4 16.1±1.4 14.9±2.0
Residence (%)
Urban 51.6 44.1 76.3 77.5
Rural 48.4 55.9 23.7 22.5
Height 138.0 (131.0, 150.0) 134.0 (126.0, 141.3)†,x 173.5±6.5 161.1±7.0

∗,x

Weight† 31.0 (27.2, 40.0) 28.6 (24.6, 33.0)x 60.0 (53.0, 70.0) 48.0 (44.0, 54.0)x

BMI (kg/m2)† 17.0 (15.4, 18.7) 16.0 (15.0, 17.4)‡ 19.7 (18.3, 22.3) 18.4 (17.3, 20.2)x

SES† 0.1 (–0.8, 0.8) –0.1 (–0.8, 0.6) 0.1 (–0.7, 0.8) –0.1 (–0.7, 0.7)
Sleep time (h/d)† 9.0 (8.0, 10.0) 9.0 (8.0, 10.0) 7.5 (7.0, 8.0) 8.0 (7.0, 8.5)
VO2max (mL/kg/min)

∗
46.3±3.9 44.1±2.8x 46.9±4.5 42.2±3.7x

SB (min/d) 477.9 (411.0, 543.1) 484.0 (439.1, 541.0)† 649.8±96.5 667.9±97.4
∗

LPA (min/d) 326.7±73.4 327.2±66.1
∗

187.9 (159.3, 241.1) 204.9 (172.5, 238.9)†

MVPA (min/d)† 46.7 (32.3, 65.6) 35.6 (28.5, 42.5)x 48.1 (35.4, 62.7) 30.9 (21.1, 41.9)x

Wear time (min/d) 845.0 (815.7, 887.4) 841.8 (815.0, 879.0)† 902.3±81.2 915.9±70.5
∗

Values are presented as mean ± SD, percent, and median (25th, 75th percentiles).
BMI=body mass index, LPA= light physical activity, MVPA=moderate-to-vigorous physical activity, SB= sedentary behavior, SES= socioeconomic status, VO2max=maximal oxygen consumption.
∗
One-way analysis of variance.

†Mann–Whitney U test.
‡ P< .01.
x P< .001.
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was the outcome variable; SB, LPA, and MVPA were the
exposure variables; and age, BMI, SES, sleep time, residence, and
accelerometer wear time were the covariates. Single, partition,
and IS linear regression models were used to analyze the
relationship between CRF and SB, LPA, and MVPA.
In the single model, we examined the effects of each type of PA

component on CRF, without considering the interaction between
different types of PA. The model expression (in the case of SB) is:

CRF ¼ b0 þ b1�SBþ b2�wear timeþ b3�covariates
Using the partition model, we simultaneously examined the

effects of all types of PA on CRF. We omitted monitor wear time
because wear time is, by default, the sum of SB and active time.
The model expression is:

CRF ¼ b0 þ b1�SBþ b2�LPAþ b3�MVPAþ b4�covariates

b1, b2, and b3 represent the effect of increasing a certain type of
PA while keeping other types of PA unchanged.
We used the IS model to evaluate the effect of replacing SB with

the same LPA and MVPA times, after excluding SB. The model
expression is:

CRF ¼ b0 þ b1�LPAþ b2�MVPAþ b3�wear time
þ b4�covariates

b1 and b2 represent the coefficients of replacing SB with LPA
and MVPA, respectively, and b3 represents the coefficient of
excluding SB.[30]

First, this study adopted 20minutes as the isochronous
substitution time to evaluate the effect of LPA and MVPA
isochronous substitution of SB on CRF. Then, to better simulate
the daily PA of children and adolescents, different combinations
of LPA and MVPA times (LPA or MVPA increased or decreased
in increments of 2 minutes) were used to replace SB in this study.
Due to the known variability in CRF by pubertal status and sex,
3

participants were categorized as children (7–13 years for males
and 7–11 years for females) and adolescents (14–18 years for
males and 12–18 years for females) and stratified by sex.[31]

Statistical significance was set at .05, and all analyses were
conducted using IBM SPSS version 25.0 for Windows (IBM
Corp., Armonk, NY).
3. Results

Table 1 shows the descriptive characteristics of the study sample.
There was no significant difference between males and females
with respect to SES, sleep time, SB, LPA, and accelerometer wear
time. The mean VO2max (P< .001) and the median MVPA
(P< .001) for males were larger than those of females.
Table 2 shows the associations of SB, LPA, and MVPA with

CRF in the single, partition, and IS models in male children and
adolescents. In the single and partition models, among children,
MVPA was positively associated with CRF (B = 0.03; 95%CI,
0.01–0.05; P< .01). In the IS model, among children, replacing
SB (B = 0.57; 95%CI, 0.17–0.97; P< .01) and LPA (B = 0.64;
95%CI, 0.18–1.10; P< .01) with 20 minutes’ MVPA were
positively associated with CRF.
Table 3 shows the associations of SB, LPA, andMVPAwithCRF

in the single, partition, and IS models in female children and
adolescents. In the single model, among children, MVPA was
positively associated with CRF (B = 0.03; 95%CI, 0.01–0.06;
P< .01). In the partition model, MVPA and CRF were positively
associated (B = 0.03; 95%CI, 0.01–0.06; P< .05) in children and
adolescents. In the ISmodel, amongchildren, replacingSB (B=0.65;
95%CI, 0.12–1.19;P< .05) andLPA(B=0.64;95%CI,0.03–1.25;
P< .05) with 20 minutes’ MVPA was positively associated with
CRF; among adolescents, reallocating 20 minutes of SB (B = 0.48;
95%CI, –0.01 to 0.97; P< .05) and LPA (B = 0.61; 95%CI, 0.09–
1.13; P< .05) to MVPA was positively associated with CRF.
Figure 1 shows the associations of mixed redistributions of the

time spent engaged in LPA and MVPA, to replace 20min/d of SB
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Table 2

Single, partition and isotemporal substitution models examining the associations of sedentary behavior, light physical activity and
moderate-to-vigorous physical activity with cardiorespiratory fitness for male children and adolescents.

Model SB (B 95% CI) LPA (B 95% CI) MVPA (B 95% CI)

Children
Single

∗
–0.002 (–0.01, 0.01) –0.002 (–0.01, 0.01) 0.03 (0.01, 0.05)x

Partition† –0.001 (–0.01, 0.01) –0.004 (–0.01, 0.00) 0.03 (0.01, 0.05)‡

IS
∗

Dropped –0.08 (–0.23, 0.08) 0.57 (0.17, 0.97)x

0.08 (–0.08, 0.23) Dropped 0.64 (0.18, 1.10)x

–0.57 (–0.97, –0.17)x –0.64 (–1.10, –0.18)x Dropped
Adolescents
Single

∗
0.004 (–0.01, 0.02) –0.008 (–0.02, 0.01) 0.02 (–0.02, 0.06)

Partition† –0.001 (–0.01, 0.01) –0.01 (–0.03, 0.00) 0.03 (–0.02, 0.08)
IS
∗

Dropped -0.25 (–0.56, 0.07) 0.61 (–0.26, 1.48)
0.25 (–0.07, 0.56) Dropped 0.86 (–0.17, 1.89)
–0.61 (–1.48, –0.26) –0.86 (–1.89, 0.17) Dropped

BMI=body mass index, CI= confidence interval, IS= isotemporal substitution, LPA= light physical activity, MVPA=moderate-to-vigorous physical activity, SB= sedentary behavior, SES= socioeconomic status.
∗
Adjusted for age, residence, SES, sleep time, BMI, and accelerometer wear time.

† Adjusted for age, residence, SES, sleep time, and BMI.
‡ P< .05.
x P< .01.
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with CRF. Starting from the mixed redistribution of 16 minutes’
LPA and 4 minutes’ MVPA for male children (Fig. 1A) and 14
minutes’ LPA and 6 minutes’ MVPA for female adolescents
(Fig. 1C), combinations of LPA and MVPA tended toward
improvements in CRF. MVPA is the key factor for CRF (Fig. 1A
and C). Regardless of the ratio of LPA to MVPA, it was always
positively associated with CRF among female children (Fig. 1B).
There was a null association of mixed redistributions of LPA and
MVPA, to replace SB in male adolescents. Therefore, we did not
present the results with graph. In summary, each 2min/d increase
of MVPA resulted in greater magnitudes of improvement for
CRF, in a linear fashion.

4. Discussion

In this study, we found that reallocating 20 minutes of SB into
MVPA was associated with higher CRF for male and female
children and female adolescents but not for male adolescents.
Table 3

Single, partition and isotemporal substitution models examining th
moderate-to-vigorous physical activity with cardiorespiratory fitness

Model SB (B 95% CI)

Children
Single

∗
–0.005 (–0.01, 0.00)

Partition† –0.002 (–0.01, 0.00)
IS
∗

Dropped
–0.02 (–0.17, 0.13)
–0.65 (–1.19, –0.12)‡

Adolescents
Single

∗
0.003 (–0.00, 0.01)

Partition† 0.007 (0.00, 0.01)
IS
∗

Dropped
0.13 (–0.03, 0.28)
-0.48 (–0.97, 0.01)‡

BMI=body mass index, CI= confidence interval, IS= isotemporal substitution, LPA= light physical activity,
∗
Adjusted for age, residence, SES, sleep time, BMI, and accelerometer wear time.

† adjusted for age, residence, SES, sleep time, and BMI.
‡ P< .05.
x P< .01.
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Meanwhile, the replacement of LPA with 20 minutes MVPA was
also positively associated with CRF, but the replacement of SB
with LPA has a null association with CRF. In the mixed
redistribution of 20minutes’ SB, the ratio of LPA:MVPA for male
children and female adolescents started at 16:4 and 14:6,
respectively, tending toward improvement in CRF. For female
children, regardless of the ratio of LPA to MVPA, it was always
associated with higher CRF.
The importance of PA for the health of children and

adolescents has been confirmed in many studies. Research from
the Italian ASSO project found that SB and lack of PA were the
primary causes of health problems for children and adoles-
cents,[32,33] and promoting PA was a key means to improve
physical fitness and other health factors.[34] The results of this
study also confirmed that increasing PA and reducing SB were
positively associated with CRF in children. This is consistent with
previous studies: Jones et al[19] and Santos et al[17] found that
replacing SB with 30 minutes of MVPA or VPA was positively
e associations of sedentary behavior, light physical activity and
for female children and adolescents.

LPA (B 95% CI) MVPA (B 95% CI)

0.004 (–0.00, 0.01) 0.03 (0.01, 0.06)x

–0.001 (–0.01, 0.01) 0.03 (0.01, 0.06)‡

0.02 (–0.13, 0.17) 0.65 (0.12, 1.19)‡

Dropped 0.64 (0.03, 1.25)‡

–0.64 (–1.25, –0.03)‡ Dropped

–0.006 (–0.01, 0.00) 0.02 (–0.00, 0.05)
0.00 (–0.01, 0.01) 0.03 (0.01, 0.06)

∗

–0.13 (–0.28, 0.03) 0.48 (–0.01, 0.97)
∗

Dropped 0.61 (0.09, 1.13)
∗

–0.61 (–1.13, –0.09)‡ Dropped

MVPA=moderate-to-vigorous physical activity, SB= sedentary behavior, SES= socioeconomic status.



Figure 1. Substitution regression models were performed by redistributing 20
min/d of SB to a mixed share of LPA and MVPA in increments of 2min/d (ie, 0
min/d MVPA and 20min/d LPA, 2min/d MVPA and 18min/d LPA, . . . , 20
min/d MVPA and 0min/d LPA) while keeping total accelerometer wear time
constant. The values (black squares) indicate the unstandardized coefficients of
LPA and MVPA combinations replacing SB, adjusted for age, residence, SES,
sleep time, BMI, and accelerometer wear time. The black solid lines represent
the 95% confidence intervals of the coefficients. BMI=body mass index,
LPA= light physical activity, MVPA=moderate-to-vigorous physical activity,
SB=sedentary behavior, SES=socioeconomic status, VO2max=maximal
oxygen consumption.

Sun et al. Medicine (2020) 99:30 www.md-journal.com
associatedwithCRF in children. Collings et al usedMPAandVPA
to replace SB for10minutes andalso foundpositiveassociations; in
addition, MPA and VPA replacing LPA still showed benefits in
improving CRF.[18] In this study, we found a sex difference for the
association ofMVPA replacing SB on theCRF of adolescents; only
the CRF of female adolescents had a significant association. The
main reason for this difference may be that MVPA showed a null
association with CRF for male adolescents. For male adolescents,
5

only hard and vigorous PAwas significantly associated with CRF,
but for female adolescents, moderate and vigorous PA were
associated with CRF.[35,36] The possible explanations are as
follows: first, because of the interaction betweenMVPA and SB in
male adolescents, the association between MVPA and CRF was
weakened by SB.[37] But this interaction was not found in female
adolescents;[37] second, compared with male adolescents, females
had lowerCRF, and the PA intensity threshold required to improve
CRF was lower than that of males.[38] Consistent with previous
studies, this study showed that MVPA was not associated with
CRF for male adolescents in the single and partition models.
Therefore, whether MVPA replaced SB or LPA, the correlation
betweenMVPA andCRFwas not significant for male adolescents.
Difference from previous studies is that we used 20 minutes as

a bout length. Most past studies have used widely varying bout
lengths and had no consistent selection criteria. Therefore, the
feasibility of bout length is an important issue to be considered in
an ISmodel. In some studies, 30minutes or 60minutes of PAwith
different intensities were used to replace SB.[17,39] Because PA in
daily life is mostly LPA, it is relatively easy to replace SB with 30
or 60minutes of LPA; however, it is too ambitious and difficult to
replace SB with 60 or even 30 minutes of MVPA .[21] Another
study suggested that the bout length should be at least 10
minutes, as this was the lowest cumulative time of MVPA
required to receive health benefits.[40] However, recent studies
have shown that participation in MVPA, regardless of duration,
can reduce all-cause mortality, cancer mortality, and the risk of
cardiovascular disease.[41] The 2018 Physical Activity Guideline
for Americans has also omitted its statement that MVPA should
last at least 10 minutes per session.[42] In addition, adoption of a
10-minute length may accumulate even less MVPA than the
amount recommended by the World Health Organization of 60
minutes per day. Using descriptive statistics, we found that the
medianMVPA value was 46.7min/d and 35.6min/d for male and
female children, and 48.1min/d and 30.9min/d for male and
female adolescents, which are about 20 minutes less than the
recommended 60min/d. For these reasons, we chose 20 minutes
as the bout length, which not only met the World Health
Organization recommendation forMVPA but is also not difficult
to achieve. The finding that more than 82.5% of Chinese children
and adolescents were insufficiently physically active, is consistent
with recent literature.[43] The data from China is representative.
Therefore, the present study suggests that when the IS model is
adopted in children and adolescents to investigate replacement of
SB with MVPA, attention should be paid to the following 2
aspects in the selection of duration:
(1)
 the recommended 60 minutes of MVPA every day should be
met, as far as possible;
(2)
 the bout length should not exceed 30 minutes.

To our best knowledge, there are no studies exploring the effect
on CRF of mixed redistribution of LPA and MVPA to replace SB
among children and adolescents. In this study, we found that
MVPA was a key factor to improve the CRF of children and
adolescents, especially for male children and female adolescents.
First, this study emphasizes the importance for CRF of increasing
the MVPA ratio in PA, which can provide important basis for the
selection of target andmonitoring variables in intervention studies.
School-based PA interventions are an important means of
improving PA levels among children and adolescents.[44] Previous
studies have generally stated that such intervention has a better
effect on improving CRF in these populations.[45] However, a

http://www.md-journal.com
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recentmeta-analysis found that school-based PA interventions had
no significant effect on the improvement of high-intensity PA in
children and adolescents,[46,47] mainly because the proportion of
MVPA in both groups was too low and more than half their time
was spent engaged in SB and LPA.[48,49] Therefore, although
school-based PA interventions provide a beneficial approach and
resources to improve PA, these cannot provide sufficient intensity
to ensure health benefits.[50] In addition, this study also found that
the replacementofLPAbyMVPAalsohadapositive effect onCRF
in children and adolescents. The results of this study suggest that
physical education teachers or leaders of sports clubs should pay
close attention to the monitoring of the proportion of LPA and
MVPA when organizing sports activities and should try to
reasonably increase the proportion of MVPA. Second, our study
emphasizes that the hybrid substitutionmodel has strong practical
significance, which can provide more flexible choices for changing
the sedentary lifestyle of children and adolescents, improving CRF
to levels that are more in line with the daily PA habits of children
and adolescents. Replacing SB with a single intensity of PA has a
theoretical effect onCRF. In real life, the components of PA among
children and adolescents are more complex, and engaging in PA
often involves different intensities.[22] Therefore, itmaybe closer to
the actual situation to evaluate the effect onCRF of substituting SB
with a combination of LPA and MVPA.
A strength of the present study is the use of a novel statistical

method to examine the theoretical effect on CRF of IS of SB with
LPA and MVPA. Additionally, using the mixed redistribution
approach, it is more practical to evaluate the effect of LPA and
MVPA in replacing SB on CRF. Despite the relevance of the
present study, some methodological limitations must be taken
into consideration. Because this was a cross-sectional study, it
was impossible to determine causality. However, we cannot rule
out the possibility of reverse causation, in that children who are
fitter may in turn be more active. Furthermore, an accelerometer
was used to measure SB in terms of intensity; however, other
behaviors, such as standing or lying down, are also lower in
intensity and may overestimate SB time.
5. Conclusions

Reallocating SB to MVPA isotemporally was positively associat-
ed with CRF for male and female children and female adolescents
but not for male adolescents. MVPA is the key factor for CRF
when combinations of LPA andMVPA replace SB. The combined
approach can provide basis for the selection of target and
monitoring variables in intervention studies, and has more
flexible choices for improving CRF that are more consistent with
the daily PA habits of children and adolescents.
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