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Abstract
Background  Previous research has examined the associations of preschoolers’ 24-h movement behaviours, including 
light and moderate-to-vigorous physical activity (LPA and MVPA), sedentary behaviour (SB), sleep, with physical fitness 
in isolation, ignoring intrinsically compositional nature of movement data while increasing the risk of collinearity. Thus, 
this study investigated the associations of preschoolers’ 24-h Movement behaviours composition with physical fitness, 
estimated changes in physical fitness when time was reallocated between movement behaviours composition, and 
determined whether associations differ between different genders, using compositional data analysis.

Methods  In the cross-sectional study, a total of 275 preschoolers (3 ~ 6 y) from China were included. SB, LPA and 
MVPA times were objectively monitored with an ActiGraph GT9X accelerometer for 7 consecutive days. Sleep duration 
was obtained using parental reports. Physical fitness parameters, including upper and lower limb strength, static 
balance, speed-agility, and cardiorespiratory fitness (CRF), were determined with the PREFIT battery. The associations 
of 24-h movement behaviours composition with each physical fitness parameter were examined employing 
compositional multivariable linear regression models. The changes following time reallocation among behaviours 
were estimated employing compositional isotemporal substitution analyses.

Results  Greater MVPA, but not LPA, was significantly related to better upper and lower limb strength, speed-agility, 
and CRF. Reallocating time from LPA or SB to MVPA was related to better physical fitness. The associations were non-
symmetrical: the estimated detriments to physical fitness from replacing MVPA with LPA or SB were larger than the 
estimated benefits associated with adding MVPA of the same magnitude. The aforementioned associations with lower 
limb strength, CRF, and speed-agility were observed in boys, while associations with upper and lower limb strength 
were noted in girls.
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Background
Physical fitness is a capability to conduct daily physi-
cal activity (PA) [1], including upper and lower limb 
strength, cardiorespiratory fitness (CRF), static balance, 
and speed-agility [2]. The preschool period is a critical 
stage for the development and enhancement of physical 
fitness [1]. Physical fitness is recognized as a robust indi-
cator of both current and future health in preschoolers 
[3]. However, in recent decades, preschoolers’ physical 
fitness has shown a declining trend [4]. Therefore, knowl-
edge about preschoolers’ physical fitness and the factors 
that affect it are especially crucial.

It is well accepted that physical fitness is only partly 
determined by non-modifiable factors (e.g. gene) and is 
significantly shaped by environmental factors, including 
daily movement behaviours [5]. From the perspective of 
movement behaviours, the daily 24-h cycle consists of a 
continuum of movement behaviour intensity, including 
sleep, sedentary behaviour (SB), light and moderate-to-
vigorous physical activity (LPA and MVPA) [6]. Previ-
ous studies indicated that increased MVPA time leads 
to acute physiological changes (i.e., increases in ven-
tilation, blood pressure, heart rate, and energy expen-
diture). When these acute changes are followed by 
adequate recovery, they can result in long-term changes 
in metabolism, which contribute to enhancing CRF 
and muscle strength [7, 8]. Besides, a growing body of 
research has found that reducing lower-intensity activi-
ties (e.g., SB) while simultaneously increasing MVPA 
time is positively associated with fat-free mass [3, 9]. This 
increase in fat-free mass may, in turn, enhance physi-
cal fitness in preschoolers [10]. Adequate sleep duration 
may enhance physical fitness levels by increasing fat-free 
mass and decreasing fat mass through the maintenance 
of metabolic homeostasis and energy balance [10, 11]. 
Conversely, SB may negatively affect physical fitness 
through increasing body fat percentage [10, 12]. There-
fore, to ensure the health of preschoolers, the WHO has 
released daily activity guidelines for preschoolers, recom-
mending that they engage in ≥ 180 min/d of PA (includ-
ing ≥ 60 min/d of MVPA), ≤ 60 min/d of SB screen time, 
and 10–13  h/d of sleep [13]. However, a recent review 
reported that only 5-24% of preschoolers met daily activ-
ity guidelines [14]. Understanding how to balance daily 
movement behaviours is crucial for enhancing physical 
fitness in preschoolers.

In the past decade, pediatric movement behaviours 
studies have focused on the health effects of MVPA, 

defined as PA conducted at ≥ 4 METs (i.e., ≥ 4 times the 
intensity of rest) [13]. The cross-sectional and longitu-
dinal studies indicated that speed-agility, CRF, and mus-
cular strength were positively associated with MVPA in 
preschoolers [9, 15]. Yet studies that investigate the asso-
ciation of SB, sleep, and LPA with physical fitness among 
children are scarce and findings are mixed [8, 9, 16–18], 
which may be attributed to data analyses challenges [19]. 
Until recently, previous research has typically used tra-
ditional linear regression analysis to investigate the rela-
tionships of movement behaviours with physical fitness 
in isolation [7, 8, 17, 18], ignoring the interplay between 
behaviours and potentially leading to pseudo-correlation 
[20]. However, 24-h movement data is inherently compo-
sitional, featuring perfect collinearity and co-dependence 
among behaviours [19]. That is, an increase in the time 
dedicated to one behaviour would necessitate compensa-
tion by reducing the time allocated to at least one of the 
others, whereby it is crucial to analyze the relationships 
of time reallocation among behaviours with physical fit-
ness [21]. WHO guidelines on 24-h movement for pre-
schoolers also highlight the importance of integrating 
each movement behaviour of the whole day for optimal 
health [13]. This means investigating the health associa-
tions of a single behavior in isolation is unreasonable and 
can produce unreliable results [22]. Pearson cautioned 
that associations may appear spurious and inconsistent 
when employing the traditional linear regression analy-
sis to directly handle data with perfect collinearity [23]. 
Thus, traditional linear regression analysis cannot be 
used to analyze 24-h movement data. In contrast, com-
positional data analysis (CoDA) recognizes the inher-
ent compositional nature of 24-h movement data, which 
account for co-dependence among behaviours and lower 
the risk of collinearity [24]. CoDA has been recom-
mended to explore the associations of movement behav-
iours with health outcomes by capturing the relative 
time spent in different behaviours and estimate changes 
in health outcomes following time reallocation between 
behaviours [21, 25].

A growing evidence supported the use of CoDA in 
studies of physical fitness in adults [26], children and 
adolescents [8, 27, 28], indicating that better physical 
fitness (e.g., CRF) was associated with time reallocation 
from any of other behaviours (e.g., SB) to MVPA. How-
ever, CoDA-based evidence in preschoolers is scarce 
and mixed. Until now, only two studies has employed 
CoDA to investigate the associations of 24-h movement 
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behaviours with preschoolers’ physical fitness [4, 5]. 
Lemos et al. observed that substituting SB or sleep with 
MVPA was significantly associated with better CRF, 
while the reallocation results for lower limb strength and 
speed-agility were inconclusive [5]. However, Song et al. 
observed substituting SB or sleep with MVPA was sig-
nificantly associated with better upper limb strength and 
speed-agility, and the reallocation results for CRF were 
not significant [4]. Given the inconsistent findings from 
the limited studies, further investigation is important to 
understand how preschoolers’ 24-h movement behav-
iours related to physical fitness. Additionally, the existing 
studies revealed that 24-h movement behaviours pattern 
[29, 30] and physical fitness indicators [31] are different 
in boys and girls. Given the gender differences of these 
indicators, previous research has emphasized the neces-
sity of employing CoDA to examine the associations 
between daily time-use composition and physical fitness 
across different genders [19]. However, to the authors’ 
knowledge, there is currently no gender-specific associa-
tions’ evidence.

Thus, to fill evidence gaps, this study aimed to inves-
tigate the associations of preschoolers’ 24-h movement 
behaviours composition with physical fitness, to estimate 
the changes in physical fitness when time is reallocated 
between movement behaviours composition, and to 
determine whether associations differ between different 
genders. Our overall hypotheses were that 24-h move-
ment behaviours composition would be associated with 
physical fitness, the time reallocation from other behav-
iours to MVPA would be favourably related to physical 
fitness regardless of gender.

Methods
Participants
During August and October 2022, this cross-sectional 
study was conducted in Beijing. Preschoolers (3–6 years) 
of both genders were recruited from urban and subur-
ban kindergartens using convenience sampling. Ethical 
approval was obtained from the Ethics Committee of the 
Capital Institute of Pediatrics (NO. SHERLL2021069), 
aligning with the principles delineated in the Declaration 
of Helsinki. Informed consent was gained for all partici-
pants from their parents or guardians.

For inclusion, participants had to meet the following 
criteria: (1) no recent onset of seasonal illnesses (e.g., 
cold or fever); (2) no chronic diseases (e.g., arrhythmia 
or hypertension); (3) absence of overweight and obesity; 
(4) no physical, mental, or behavioral impairments; (5) no 
disorders interfering with PA. Overall, 355 preschoolers 
were enrolled. Participants without sufficient valid accel-
erometer data, with a minimum of 480 min/d for at least 
4 days (including at least 1 weekend day and 3 weekdays), 
or those lacking sleep data, covariate (i.e., age, gender, 

zBMI), or physical fitness variables were excluded, leav-
ing data from 275 preschoolers was included in the 
analysis.

Procedures
All kindergarten staff, as well as parents/guardians, 
received comprehensive information about the study’s 
objectives, protocols and procedures, and provided con-
sent for their children. In accordance with standard oper-
ating procedures [31], each included child was assessed 
by experienced researchers. Parents/guardians com-
pleted a questionnaire to gather information on children’s 
gender, birth date, age, disease status, and sleep report. 
Participants underwent anthropometric measurements 
and physical fitness testing at preschools, and then they 
wore the accelerometer for 7 consecutive days. During 
the accelerometer wear period, the kindergarten staff 
and parents/guardians were requested to write a diary to 
track sleep and the status of accelerometer wear.

Measurements
Anthropometry
Following a standardized procedure [32], weight and 
height were measured with participants wearing light 
dressing and bare feet utilizing a portable electronic Seca 
899 scale and Seca 217 stadiometer, respectively. Mea-
surements were recorded with a precision of one decimal 
place. All anthropometry variables were each measured 
twice. A third measurement was taken when there was 
a difference of more than 0.25  kg in weight and 0.5  cm 
in height between two consecutive measurements. The 
mean of the two nearest measurements was used for 
subsequent analyses. The calculation of Body mass index 
(BMI) and the associated BMI z-scores (zBMI) was per-
formed utilizing the anthro and anthroplus packages in 
R 4.1.3.

Movement behaviours
Habitual PA and SB were objectively monitored with 
the ActiGraph GT9X accelerometer, a device well-
recognized for its established validity and reliability in 
preschoolers [33–35]. Children’s teachers and parents/
guardians received detailed instructions on how to cor-
rectly place/remove the accelerometer. To ensure the cor-
rect use of device, during the monitoring period, teachers 
and parents/guardians were contacted daily through 
WeChat, and were asked to register bed and wake times, 
and times/reasons for monitor non-wear on an activity 
diary.

Each enrolled child was given instructions to wear a 
hip-worn accelerometer, sampling at 30  Hz, continu-
ously throughout waking hours for 7 consecutive days, 
with the exception of water-based activities and sleep. 
The raw data from the device was re-integrated into 1-s 
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epochs [30]. The Choi algorithm [36] was employed to 
identify non-wear times, which was then excluded from 
the accelerometer data analysis. Accelerometer data was 
considered valid if waking wear time was at least 4 days 
(including at least 1 weekend day and 3 weekdays) with 
≥ 480 min/d [37–39]. Standard count-per-minute (CPM) 
thresholds were employed to classify valid data as SB 
(≤ 100 CPM) [40], LPA (101–1679 CPM), and MVPA 
(≥ 1680 CPM), which has been validated and widely used 
in preschoolers [33, 40]. We calculated the daily dura-
tions of SB, LPA, and MVPA (min/d) by dividing the 
accumulated time of corresponding intensity behaviour 
over total valid days. To initialize device, download, and 
analyze accelerometer data, we used the ActiLife 6.13.3.

Children’s sleep duration, including both nighttime 
sleep and naps, was obtained using parental reports. 
Based on their child’s sleep patterns during the most 
typical week of the past month, parents were instructed 
to answer the questions: “How many hours of sleep does 
your child typically have within a 24-hour day on week-
days?” and “How many hours of sleep does your child 
typically have within a 24-hour day on weekends?”. This 
method of assessing daily sleep has been validated and 
widely used in young children [41, 42]. For the sub-
sequent analysis, the daily average minutes spent in 
sleep were weighted at a ratio of 5:2 for weekdays and 
weekends.

Physical fitness
PREFIT fitness test battery, a tool with established reli-
ability, feasibility, and practical recommendations, was 
widely used to assess preschoolers’ physical fitness [5, 
31, 43]. Previous research has described the details of 
the physical fitness measurements [31]. Briefly, upper 
limb strength was measured utilizing the grip strength 
test with Jamar Plus + dynamometer. The best value (kg) 
for both hands (non-consecutive test twice with each 
hand) were averaged. Lower limb strength was deter-
mined using the standing long jump. The longest jump 
(cm) from two tests was recorded. The one-leg stance 
test was used to measure static balance. The average time 
for the left and right leg (one attempt per leg) was regis-
tered in seconds. The 4 × 10 m shuttle run test was used 
to measure speed-agility, instructing each child to sprint 
back and forth between two lines spaced 10  m apart. 
The test value was the running time in seconds. As the 
last test, CRF was determined with the 20 m shuttle run 
test, which instructed each child to run back and forth 
between two lines spaced 20  m apart. The shuttle run 
tests were conducted only once. The total laps completed 
was registered as the final score of CRF. A larger number 
indicates a better performance, except for speed-agility 
that is poorer performance with a longer time.

Statistical analysis
R software 4.1.3 was used to conduct all analyses. CoDA 
was performed with the ‘Compositions’ and ‘robCompo-
sitions’ packages. This approach represents a mature sta-
tistics field applied to multivariable proportion-type data, 
such as movement behaviour compositions [5].

The arithmetic means and standard deviations were 
calculated for describing all continuous variables, except 
for movement behaviours. These variables are roughly 
normally distributed (skewness < 1.5 [44]). Boys were 
compared with girls using the independent-samples t 
tests for these variables. 24-h movement behaviour com-
positions were referred to in terms of centrality [geomet-
ric mean of each movement part ( LPA, MVPA, sleep, and 
SB), and then normalized to collectively sum to the whole 
day (i.e., 1440 min)] and dispersion (variation matrix) [5, 
25]. Boys were compared with girls using compositional 
multivariate analysis of variance (MANOVA) for move-
ment behaviours. The correlations between different 
compositions of movement behaviours were investigated 
using Pearson correlation.

The associations of habitual movement behaviours 
composition (explanatory variables) with each physical 
fitness parameter (dependent variable) were examined 
employing compositional multivariable linear regres-
sion models (the method is detailed in Additional file 
1). Before being integrated into the models, each move-
ment part was represented by a set of 3 isometric log 
ratio (ILR) coordinates [45, 46]. To capture aggregated 
relative influence of each part, 4 regression models were 
conducted for each physical fitness parameter [45, 46]. 
The gamma (γ) coefficient of the first ILR coordinate was 
used to determine the strength and direction of associa-
tions, encompassing all the information regarding the 
composition of the first movement behaviour relative 
to the other parts [6, 45]. The coefficient of determina-
tion (R2) was used to examine model fit and interpret 
the effect size for the associations following the cutoffs 
defined by Cohen [47]. To safeguard against assumption 
violations, we scrutinized the models for linearity, nor-
mality, homoscedasticity, and outliers.

Following the methodologies introduced by Dumuid 
and colleagues [48], we utilized compositional isotempo-
ral substitution to investigate the relationships between 
reallocating time from one behaviour to another and 
physical fitness. Specifically, the aforementioned linear 
models were employed to predict physical fitness at a 
starting composition (i.e., mean movement behaviours 
composition), and at new compositions resulting from 
time reallocation among behaviours. For instance, the 
new composition representing the substitution of 25 min 
of SB with 25  min of MVPA was calculated as follows: 
MVPA = mean MVPA + 25  min; SB = mean SB – 25  min; 
sleep = mean sleep; LPA = mean LPA. The predicted 
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absolute changes of physical fitness for the 25 min reallo-
cation were derived by calculating the difference between 
the two estimated physical fitness. Predictions were 
repeated for various new compositions using the afore-
mentioned procedure, involving pairwise reallocations in 
5-min increments (up to 30 min) based on previous study 
[25]. Besides, using MVPA as an example, predicted 
changes in physical fitness across the continuum of real-
locations of 0 to 30 min were graphically illustrated. All 
models for the overall sample were adjusted age, gender 
and zBMI. All models were stratified by gender, and these 
models were adjusted age, and zBMI. When p < 0.05 or 
the 95% confidence interval (95% CI) does not include 0, 
statistical significance is considered.

Sample size and power calculation
G*Power 3.1.9.7 was used to calculate sample size and 
power [49]. Based on recent CoDA-based studies, the 
smallest effect size for the association between reallocat-
ing time from other behaviours to MVPA and physical 
fitness was 0.07 [4, 5]. With a power of 0.80, an alpha of 
0.05, an effect size of 0.07, and dropout rate of 30%, the 
sample size calculation indicated that at least 246 pre-
schoolers are required. A post hoc power analysis was 
also conducted to assess the statistical power of the study 
based on the final sample size, and an alpha of 0.05. The 
effect sizes for physical fitness parameters ranged from 
0.30 to 0.52. Post hoc power analysis indicated that the 
statistical power of the study was 100%.

Results
Among the initially eligible cohort of 355 participants, 
complete datasets with the indicators of interest were 
available for 275 individuals. Descriptive characteris-
tics are summarized in Table 1. Boys had higher levels of 
upper limb strength than girls (p < 0.05).

The geometric means for movement behaviours are 
detailed in Table  2. Geometric means of the overall 
sample revealed that the majority of the 24-h period was 
devoted to sleep (47.08%), followed by SB (39.45%), LPA 
(7.81%), and MVPA (5.66%). Gender differences in mean 
movement behaviours composition were found (p < 0.05). 
Boys had higher sleep, LPA and MVPA time than girls, 
lower SB time (p < 0.05).

Table  3 communicates the variation matrix for the 
overall sample. The variance between sleep and SB 
(0.017) was the lowest, demonstrating the highest co-
dependence among the two behaviours. The variance 
between SB and MVPA (0.083) was the largest, demon-
strating the highest independence among the two behav-
iours. Table S1 presents the variation matrices of both 

Table 1  Descriptive characteristics
Overall (n = 275) Boys (n = 149) Girls (n = 126) p

Age (y), mean ± SD 4.98 ± 0.76 5.05 ± 0.72 4.88 ± 0.80 0.06
Height (cm), mean ± SD 110.55 ± 7.07 111.31 ± 7.23 109.65 ± 6.80 0.05
Weight (kg), mean ± SD 19.16 ± 3.61 19.47 ± 3.86 18.78 ± 3.26 0.11
BMI (kg/m2), mean ± SD 15.57 ± 1.65 15.59 ± 1.72 15.54 ± 1.58 0.78
zBMI, mean ± SD 0.12 ± 1.07 0.13 ± 1.15 0.10 ± 0.98 0.81
Wearing time (min/d), mean ± SD 683.08 ± 49.35 681.24 ± 45.57 685.25 ± 53.57 0.50
Valid days (d), mean ± SD 6.41 ± 1.06 6.42 ± 1.05 6.40 ± 1.09 0.88
Upper limb strength (kg), mean ± SD 5.58 ± 1.83 5.93 ± 1.92 5.18 ± 1.64 < 0.01
Lower limb strength (cm), mean ± SD 90.53 ± 18.25 92.39 ± 19.55 88.35 ± 16.41 0.06
Static balance (s), mean ± SD 14.11 ± 13.48 13.05 ± 12.41 15.37 ± 14.60 0.16
Speed-agility (s), mean ± SD 17.24 ± 2.83 17.04 ± 2.88 17.48 ± 2.76 0.20
CRF (laps), mean ± SD 10.32 ± 5.11 10.85 ± 5.73 9.70 ± 4.19 0.06
Note: Bold and denotes statistical significance

Abbreviations: BMI, body mass index; CRF, cardiorespiratory fitness; zBMI, body mass index z-score

Table 2  Geometric means for each movement behaviour in 
minutes/day

Overall (n = 275) Boys (n = 149) Girls (n = 126) p
Sleep 677.95 680.41** 674.49 < 0.01
SB 568.11 555.08 583.43**

LPA 112.39 116.85** 107.25
MVPA 81.55 87.65** 74.83
Note: Bold and denotes statistical significance. ** p < 0.01. Physical behaviours 
have been adjusted to sum to 1440 min·day− 1

Abbreviations: MVPA, moderate-to-vigorous physical activity; LPA, light 
physical activity; SB, sedentary behaviour

Table 3  Compositional variation matrix for movement 
behabiours for the overall sample

Sleep SB LPA MVPA
Sleep 0.000
SB 0.017 0.000
LPA 0.032 0.039 0.000
MVPA 0.070 0.083 0.037 0.000
Note: Values approaching zero represent higher co-dependence between 
movement behaviour compositions

Abbreviations: MVPA, moderate-to-vigorous physical activity; LPA, light 
physical activity; SB, sedentary behaviour
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genders. The correlation coefficients between different 
compositions of movement behaviours are shown in 
Table S2.

The results of variance analysis of regression parame-
ters are displayed in Table S3. In the overall sample, 24-h 
movement behaviours composition was significantly 
related to upper and lower limb strength, speed-agility, 
and CRF (p < 0.05). The R2 values, ranging from 0.30 to 
0.52, were above 0.25 for all significant models, indicat-
ing large effect sizes [47]. The pattern of association with 
physical fitness was similar among boys, with the excep-
tion of upper limb strength. Only the association with 
muscular strength demonstrated statistical significance 
among girls.

The compositional multiple linear regression analy-
ses results for the overall sample are summarized in 
Table 4. MVPA time relative to other composition parts 
was positively related to muscular strength and CRF, 
and negatively related to speed-agility (favorable). SB 
time relative to other composition parts was negatively 
related to upper limb strength. LPA time relative to other 

composition parts was negatively related to lower limb 
strength and CRF, and positively related to speed-agility 
(unfavorable). The pattern of associations with physi-
cal fitness was similar when CoDA was conducted using 
24-h movement behaviours composition for both gen-
ders (Table S4).

For all fitness parameters that exhibited a significant 
association with daily movement behaviours, we per-
formed compositional isotemporal substitution. The 
predicted changes in upper and lower limb strength, 
speed-agility, and CRF for the overall sample and accord-
ing to gender, following reallocation of 30  min among 
behaviours, are detailed in Tables 5 and 6, respectively.

From Table  5, in the overall sample, when 30  min of 
SB was substituted with 30  min of MVPA, upper limb 
strength was estimated to be 0.448  kg higher than the 
mean upper limb strength. Substituting 30  min of LPA, 
SB, or sleep with 30  min of MVPA led to significantly 
higher predicted changes in lower limb strength (11.894, 
6.575 and 5.446 cm, respectively) and CRF (3.186, 1.305 
and 1.635 laps, respectively), and lower predicted changes 
in speed-agility (-1.212, -0.626 and − 0.525  s, respec-
tively) [favorable] than the predicted mean. These asso-
ciations were reversed, with the substitution of 30 min in 
the reverse order (higher LPA, SB, and sleep and lower 
MVPA) predicting worse physical fitness (lower muscular 
strength, lower CRF and higher speed-agility [unfavor-
able]). However, these associations were non-symmet-
rical. For instance, predicted CRF exhibited a smaller 
increase when adding 30  min of MVPA (1.305 to 3.186 
laps), compared to the decrease in CRF predicted with a 
reduction of 30 min in MVPA (− 3.482 to − 2.011 laps).

From Table  6, for girls, reallocating 30  min to MVPA 
or sleep from SB were related to significantly higher pre-
dicted change in upper limb strength than the predicted 
mean upper limb strength. For both genders, reallocat-
ing 30 min to MVPA from other behaviours were related 
to significantly higher predicted change in lower limb 
strength, and for boys, significantly higher predicted 
changes in CRF and lower predicted changes in speed-
agility (favorable). These relationships were also opposite 
and non-symmetrical.

For reallocations of 5 –25  min, predicted changes in 
upper and lower limb strength, speed-agility, and CRF are 
communicated in Tables S5, S6, S7 and S8, respectively.

Figure  1 depicts how the regression parameters from 
the compositional isotemporal substitution can be visual-
ized and interpreted, to inspect the magnitude and asym-
metry of a predicted changes in all fitness variables for 
the overall sample, through reallocating different time to/
from MVPA. Visual representations for all fitness vari-
ables for boys and girls are available in the Fig. S1 and Fig. 
S2 respectively.

Table 4  Multiple linear regression analyses of the relationship 
between ilr coordinates and physical fitness in the overall sample
ilr Regression models γ-coefficient (95% CI) p
Upper limb strength
Sleep 0.84 (-0.93, 2.61) 0.35
SB -2.13 (-3.76, -0.50) 0.01
LPA 0.01 (-1.61, 1.63) 0.99
MVPA 1.28 (0.12, 2.45) 0.03
Lower limb strength
Sleep 13.15 (-3.28, 29.58) 0.12
SB -13.06 (-28.24, 2.11) 0.09
LPA -22.06 (-37.03, -7.10) < 0.01
MVPA 21.97 (11.19, 32.75) < 0.01
Static balance
Sleep 1.29 (-13.53, 16.11) 0.86
SB − 0.99 (-14.61, 12.63) 0.89
LPA 1.75 (-11.78, 15.28) 0.80
MVPA − 2.05 (-11.77, 7.66) 0.68
Speed-agility
Sleep -1.30 (-3.67, 1.07) 0.28
SB 1.06 (-1.12, 3.24) 0.34
LPA 2.36 (0.20, 4.53) 0.03
MVPA -2.12 (-3.68, -0.57) 0.01
CRF
Sleep -3.45 (-8.63, 1.75) 0.19
SB 4.17 (-0.59, 8.94) 0.09
LPA -6.27 (-11.01, -1.53) 0.01
MVPA 5.53 (2.13, 8.93) < 0.01
Note: Analyses adjusted for age, gender, and zBMI. Bold and denotes statistical 
significance

Abbreviations: MVPA, moderate-to-vigorous physical activity; LPA, light 
physical activity; SB, sedentary behaviour; γ-coefficient, gamma coefficients; 
ilr, isometric log ratio; CRF, cardiorespiratory fitness; 95% CI, 95% confidence 
interval
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Discussion
To our knowledge, this is one of the first studies to use 
CoDA to understand how preschoolers’ 24-h move-
ment behaviours related to physical fitness. This is also 
the first study to use CoDA to investigate these associa-
tions across different genders. We found that daily move-
ment behaviours composition, and MVPA in particular, 
were significantly associated with muscular strength, 
speed-agility, and CRF. The results of compositional iso-
temporal substitution consistently highlighted that real-
locating time from LPA or SB to MVPA was related to 
better these physical fitness parameters. The greatest pre-
dicted improvements in physical fitness parameters were 
observed when time of LPA or SB was substituted with 
time of MVPA. The associations were non-symmetrical: 

the estimated detriments to physical fitness from replac-
ing MVPA with LPA or SB were larger than the estimated 
benefits associated with adding MVPA of the same mag-
nitude. Furthermore, the directions of these associations 
related to physical fitness are similar across different gen-
ders. Replacing other behaviours with MVPA was posi-
tively associated with upper and lower limb strength in 
girls, and with lower limb strength, speed-agility, and 
CRF in boys.

For upper limb strength, we observed that reallocat-
ing time to MVPA from SB was related to higher upper 
limb strength. These findings are in accordance with the 
only 24-h movement behaviours study related to upper 
limb strength based on CoDA [4] and a quasi-experi-
mental study [50]. Song et al. [4] reported replacing SB 

Table 5  L predicted changes in physical fitness following 30-min reallocation between movement behaviours in the overall sample
Sleep
(95% CI)

SB
(95% CI)

LPA
(95% CI)

MVPA
(95% CI)

Upper limb strength
Sleep 0.131

(− 0.002, 0.265)
0.029
(− 0.425, 0.483)

-0.479
(-0.955, 0.002)

SB -0.128
(-0.260, 0.005)

-0.097
(− 0.557, 0.363)

-0.605
(-1.062, -0.147)

LPA -0.031
(-0.384, 0.322)

0.102
(− 0.258, 0.462)

-0.508
(-1.233, 0.216)

MVPA 0.316
(-0.018, 0.649)

0.448
(0.134, 0.763)

0.346
(− 0.340, 1.032)

Lower limb strength
Sleep 1.107

(− 0.136, 2.350)
6.426
(2.222, 10.630)

-8.235
(-12.658, -3.812)

SB -1.098
(-2.332, 0.137)

5.351
(1.091, 9.610)

-9.310
(-13.568, -5.053)

LPA -5.036
(-8.306, -1.766)

-3.907
(-7.240, -0.574)

-13.249
(-19.961, -6.536)

MVPA 5.446
(2.351, 8.540)

6.575
(3.645, 9.504)

11.894
(5.548, 18.240)

Speed-agility
Sleep -0.099

(− 0.278, 0.081)
-0.685
(-1.293, -0.076)

0.795
(0.156, 1.434)

SB 0.098
(-0.080, 0.276)

-0.589
(-1.205, 0.028)

0.891
(0.278, 1.505)

LPA 0.535
(0.062, 1.009)

0.435
(-0.048, 0.917)

1.328
(0.357, 2.300)

CRF MVPA -0.525
(-0.972, -0.079)

-0.626
(-1.048, -0.205)

-1.212
(-2.131, -0.293)

Sleep -0.325
(-0.717, 0.067)

1.557
(0.226, 2.887)

-2.326
(-3.723, -0.930)

SB 0.321
(-0.068, 0.710)

1.871
(0.523, 3.220)

-2.011
(-3.353, -0.670)

LPA -1.149
(-2.185, -0.114)

-1.480
(-2.535, -0.426)

-3.482
(-5.606, -1.358)

MVPA 1.635
(0.658, 2.613)

1.305
(0.383, 2.227)

3.186
(1.177, 5.195)

Note: Analyses adjusted for age, gender, and zBMI. Bold and denotes statistical significance. Values represent estimation of change (95% CI) in physical fitness when 
time is reallocated from the behaviours in the columns to the behaviours in the rows

Abbreviations: MVPA, moderate-to-vigorous physical activity; LPA, light physical activity; SB, sedentary behaviour; CRF, cardiorespiratory fitness; 95% CI, 95% 
confidence interval
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by MVPA was associated with better upper limb strength 
in preschoolers. Popović et al. [50] found that a nine-
month structured multisport program at moderate to 
vigorous intensity led to enhancing upper limb strength. 

For lower limb strength, we also observed that replac-
ing SB or LPA by MVPA was related to better lower limb 
strength. Although the only 24-h movement behaviours 
study related to lower limb strength based on CoDA 

Table 6  Predicted changes in physical fitness following 30-min reallocation between movement behaviours according to gender
Sleep
(95% CI)

SB
(95% CI)

LPA
(95% CI)

MVPA
(95% CI)

Girls
Upper limb strength
Sleep 0.238

(0.039, 0.438)
0.167
(-0.521, 0.856)

-0.638
(-1.491, 0.214)

SB -0.234
(-0.433, -0.035)

-0.063
(-0.752, 0.625)

-0.869
(-1.702, -0.035)

LPA -0.149
(-0.678, 0.379)

0.093
(-0.436, 0.622)

-0.784
(-2.016, 0.448)

MVPA 0.389
(-0.183, 0.961)

0.631
(0.077, 1.184)

0.559
(-0.555, 1.674)

Lower limb strength
Sleep 1.052

(-0.668, 2.772)
5.640
(-0.286, 11.566)

-8.067
(-15.405, -0.729)

SB -1.043
(-2.754, 0.669)

4.618
(-1.306, 10.542)

-9.089
(-16.266, -1.912)

LPA -4.374
(-8.922, 0.175)

-3.301
(-7.852, 1.251)

-12.420
(-23.025, -1.815)

MVPA 5.131
(0.207, 10.056)

6.204
(1.441, 10.967)

10.792
(1.197, 20.387)

Boys
Lower limb strength
Sleep 1.101

(-0.701, 2.902)
6.707
(0.600, 12.814)

-7.363
(-13.091, -1.635)

SB -1.094
(-2.880, 0.691)

5.637
(-0.607, 11.880)

-8.433
(-13.897, -2.970)

LPA -5.311
(-10.110, -0.512)

-4.187
(-9.138, 0.765)

-12.650
(-21.717, -3.583)

MVPA 4.992
(0.863, 9.121)

6.116
(2.247, 9.986)

11.723
(2.898, 20.548)

Speed-agility
Sleep -0.076

(-0.325, 0.174)
-0.718
(-1.569, 0.133)

0.802
(0.003, 1.601)

SB 0.076
(-0.172, 0.323)

-0.644
(-1.514, 0.226)

0.876
(0.117, 1.635)

LPA 0.564
(-0.105, 1.233)

0.486
(-0.203, 1.176)

1.364
(0.098, 2.631)

MVPA -0.550
(-1.126, 0.026)

-0.628
(-1.165, -0.091)

-1.270
(-2.503, -0.037)

CRF
Sleep -0.549

(-1.143, 0.045)
2.103
(0.074, 4.131)

-2.870
(-4.773, -0.966)

SB 0.540
(-0.049, 1.129)

2.633
(0.561, 4.706)

-2.339
(-4.149, -0.530)

LPA -1.563
(-3.157, 0.031)

-2.121
(-3.764, -0.478)

-4.442
(-7.460, -1.424)

MVPA 2.087
(0.714, 3.459)

1.529
(0.249, 2.808)

4.180
(1.243, 7.118)

Note: Analyses adjusted for age, and zBMI. Bold and denotes statistical significance. Values represent estimation of change (95% CI) in physical fitness when time is 
reallocated from the behaviours in the columns to the behaviours in the rows

Abbreviations: MVPA, moderate-to-vigorous physical activity; LPA, light physical activity; SB, sedentary behaviour; CRF, cardiorespiratory fitness; 95% CI, 95% 
confidence interval
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didn’t observe significant associations between reallocat-
ing time to MVPA from other behaviours and lower limb 
strength at cross-sectional level [5], our findings generally 
align with a quasi-experimental study [50] and a meta-
analysis of randomized controlled trials (RCTs) [51]. Cur-
rent evidence reveals that engaging in more MVPA can 
place a greater demand on the cardiorespiratory system, 
potentially contributing to enhancing muscle strength 
[8]. Besides, growing studies suggested that decreasing 
lower intensities, while simultaneously increasing MVPA 
time, was related to better fat-free mass in preschool-
ers, potentially benefiting muscle strength [3, 9, 10, 31]. 
These would explain our findings. This is suggestive that 
reallocating time to MVPA from LPA or SB may be an 
effective intervention for enhancing muscle strength in 
preschoolers.

Concerning speed-agility, reallocation results observed 
an enhanced performance in speed-agility when SB or 

LPA was replaced with MVPA. This is broadly similar to 
the only waking movement behaviours study based on 
CoDA [3] and a meta-analysis of randomized controlled 
trials (RCTs) [51]. Garcia-Hermoso et al. suggested that 
MVPA interventions favored improvement in speed-
agility in preschoolers [51]. However, previous 24-h 
movement behaviours studies based on CoDA did not 
find any significant relationships between reallocating 
time to MVPA from SB or LPA and speed-agility [4, 5]. 
There are two plausible explanations for these inconsis-
tent results. Firstly, as recommended for preschoolers, we 
used shorter epochs, which contribute to capturing PA 
more closely [9]. Secondly, differences in activities cut-
points contribute to the somewhat different results [27]. 
Nonetheless, given the robust support from high-quality 
RCTs for our findings [51], we can still hypothesize that 
performance in speed-agility would be improved when 
SB or LPA was replaced with MVPA.

Fig. 1  Asymmetry of predicted changes in physical fitness with the reallocation of time to and from MVPA time in the overall sample. (a) Asymmetry of 
predicted changes in upper limb strength. (b) Asymmetry of predicted changes in lower limb strength. (c) Asymmetry of predicted changes in speed-
agility. (d) Asymmetry of predicted changes in CRF
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CRF is considered one of the most crucial indica-
tors of physical fitness and may link to maintaining 
health parameters in the later stages of life [5]. Lifelong 
improvement of CRF is therefore essential. Previous 
CoDA-based studies observed that MVPA was the lead-
ing behaviour within the daily time-use composition that 
is beneficially related to physical fitness, including CRF 
[5, 52, 53]. Full movement spectrum CoDA-based study 
reported substituting SB with MVPA predicted higher 
CRF in preschoolers [5]. Alternatively, Migueles et al. 
observed substituting any SB or LPA with MVPA was 
related to better CRF in preschoolers [3]. A meta-analysis 
of RCTs supports that MVPA interventions contribute to 
enhancing CRF in preschoolers [51]. These findings sup-
ports our results regarding CRF. One plausible explana-
tion is that more MVPA time leads to acute changes (i.e., 
increasing in ventilation, blood pressure, heart rate, and 
energy expenditure), which in combination with ade-
quate recovery will result in long-term changes in metab-
olism, and thus higher CRF [7].

The associations of daily movement behaviours com-
position with static balance were not observed, which is 
broadly similar to a recent non-CoDA based study [54]. 
There are several plausible explanations for this result. 
Firstly, the nature of preschoolers’ activity, character-
ized by short bursts of MVPA and intermittency, may 
not always be sufficient to promote better static balance. 
Indeed, daily movement behaviours of preschoolers may 
not comprehensively target al.l dimensions of physical 
fitness. Previous evidence also supports this specula-
tion, indicating that targeted exercise training (e.g., soc-
cer training) may be necessary to achieve significant 
improvement in static balance [55]. Secondly, the asso-
ciations between daily time-use composition and static 
balance might only become significantly associated in 
middle to late childhood. Previous research has suggested 
that the association of movement behaviours with physi-
cal fitness increases with children’s age [56]. However, 
the results concerning static balance must be cautiously 
interpreted, and these associations should be confirmed 
by future research in preschoolers.

In addition, we found the predicted improvement in 
speed-agility, lower limb strength, and CRF when sub-
stituting sleep with MVPA. Our findings are less con-
sistent with previous studies. A recent review of CoDA 
studies indicated that reallocating sleep towards MVPA 
was not associated with physical fitness [53]. The full 
movement spectrum CoDA-based study by Lemos et al. 
observed that reallocating sleep towards MVPA was pos-
itively associated with CRF but not with speed-agility or 
lower limb strength [5]. However, another full movement 
spectrum CoDA-based study observed that reallocat-
ing sleep towards MVPA was positively associated with 
upper limb strength and speed-agility, but not with CRF 

[4]. The inconsistent results may be attributed to meth-
odological differences in accelerometry measurements, 
such as variations in epoch lengths and cut-points, as 
well as differences in baseline time-use compositions and 
populations [52]. It is noteworthy that these findings are 
derived from cross-sectional studies that involve theoret-
ical (rather than actual) reallocations of time. Therefore, 
these findings must be cautiously interpreted. Consid-
ering the important role of sufficient sleep in the early 
development, more research is warranted to identify the 
optimal combination of sleep and MVPA for maximizing 
preschoolers’ physical fitness.

To our knowledge, no study has conducted a compre-
hensive examination of the associations between physi-
cal fitness and the full movement spectrum based on 
gender. We bridged this gap using CoDA and observed 
that MVPA, and not lower intensities, was the leading 
behaviour within the daily movement behaviours compo-
sition beneficially related to physical fitness parameters 
for both genders. For upper limb strength, we observed 
a significant association only in girls. Further analy-
sis showed that replacing SB with MVPA or sleep was 
related to higher upper limb strength. Due to lacking pre-
viously published evidence using CoDA, direct compari-
son with other studies is difficult. Further investigations 
are warranted to validate these findings and determine 
the reasons for this occurrence. For lower limb strength, 
we found that replacing other behaviours by MVPA pre-
dicted higher lower limb strength regardless of gender, 
which is in line with a recent non-CoDA study [56]. One 
plausible explanation is that the popular types of MVPA 
(e.g., running) for preschoolers may predominantly target 
the lower-limb muscles, thereby enhancing lower limb 
strength [9]. Additionally, we also observed that replac-
ing other behaviours with MVPA was related to better 
CRF and speed-agility, but only in boys. Direct compari-
son with previously published research is not feasible due 
to the absence of CoDA evidence. However, our findings 
are partly similar to the research of Zhang et al. [57], 
which observed a positive association between higher 
intensity PA and CRF only in boys. One plausible expla-
nation for our results is that the MVPA boys accumulated 
is a higher average intensity than that of girls. Therefore, 
an absolute amount of time may have a stronger relation-
ship with improved health in boys. Taken collectively, our 
findings support that MVPA, and not lower intensities, is 
an effective accelerator of preschoolers’ physical fitness 
regardless of gender.

In accordance with a recent review of CoDA studies 
[52], the predicted changes observed for the reallocation 
of time were non-symmetrical regardless of gender. In 
particular, increasing MVPA above the mean may result 
in a lower estimated benefit to physical fitness parame-
ters than the estimated detriment following an equivalent 
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magnitude decrease below the mean. The non-symmet-
rical relationships have been attributed, in part, to the 
relative contributions of each movement behaviour to 
the 24-h day [25, 27]. For instance, taking 10  min from 
MVPA (12.3% change in MVPA) represents a more sig-
nificant relative change than it does in SB (1.8% change 
in SB in our sample). Furthermore, detraining and revers-
ibility, such as engaging in more SB, are likely to rapidly 
induce a more significant negative impact on health, in 
contrast, overloading exercise capacity, such as engaging 
in more MVPA, slowly induces physiological adaptations, 
thereby yielding lower returns [25, 27].

Our results have significant public health implications 
in prompting physical fitness. They reinforce that the 
synergy of daily movement behaviours may achieve the 
maximum health and endorse the recently updated PA 
guidelines, which advocate for MVPA as the preferred 
intensity for maximizing health benefits [13]. Therefore, 
caregivers, early childhood development profession-
als, and policymakers should recognize the significance 
of creating opportunities that facilitate the transition of 
preschoolers’ time-use composition from lower intensi-
ties to MVPA, especially in the context of the small pro-
portion meeting MVPA guideline [58]. The feasibility of 
this shift largely depends on the movement settings and 
contexts [27]. Preschools create various discretionary, 
such as recess games, and mandatory opportunities, such 
as organized aerobics class, to promote MVPA in pre-
schoolers. Integrated PA Promotion plans in Schools are 
acknowledged as validated strategies to expand, extend, 
and enhance these opportunities [27]. However, MVPA 
levels after school have significantly decreased and are 
significantly influenced by parents and peers [27]. In 
community and home settings, enhancing opportunities 
for MVPA, with a particular emphasis on acknowledg-
ing the pivotal roles of caregivers, can be recognized as a 
complementary strategy to more structured promotional 
efforts in schools.

This study exhibits several strengths. Firstly, this study 
uses CoDA to examine the associations of daily move-
ment behaviours with physical fitness parameters. Our 
findings contribute to the current understanding of 
these associations in both the general population and 
within specific subgroups, and lay the groundwork for 
future research in this area. Secondly, SB and PA were 
objectively monitored using an ActiGraph GT9X accel-
erometer, reducing risk of recall bias. Finally, physical 
fitness parameters were accurately determined using 
PREFIT battery [31], allowing comparison with other 
studies. Nonetheless, our research is not without limita-
tions. Firstly, an important limitation of any cross-sec-
tional setting is that causation cannot be determined. 
Secondly, sleep duration is collected using parental 
reports, which has known reporting bias. Furthermore, 

accelerometers cannot discriminate completely SB 
type and may not detect some types of movement (e.g., 
swimming and cycling). Although we have considered 
some sociodemographic confounders in our analyses, 
residual confounding (e.g., dietary factors) remains pos-
sible. Another limitation of this study is the exclusion of 
children with overweight and obesity. However, a previ-
ous study showed that the estimated benefits to physical 
fitness from replacing MVPA with other behaviours in 
overweight/obese schoolchildren were greater than the 
benefits associated with adding an equivalent amount 
of MVPA in schoolchildren of normal weight [27]. This 
suggests that our findings may also be applicable to over-
weight/obese preschoolers, and that the strength of this 
association could be greater in these populations. Finally, 
participants were recruited from urban and suburban 
kindergartens using convenience sampling, which may 
limit our findings’ generalizability. Future research, using 
a larger and more representative sample in longitudinal 
studies and RCTs, is warranted to establish the causation 
and generalizability of results.

Conclusion
This study observed that greater MVPA, but not LPA, 
was significantly related to better upper and lower limb 
strength, speed-agility, and CRF. Replacing LPA or SB 
with MVPA was related to better physical fitness. The 
estimated changes were non-symmetrical when LPA or 
SB substituted MVPA. These relationships varied with 
gender. Broadly, these findings reinforce the importance 
of PA intensity for promoting physical fitness develop-
ment in the early stage. Replacing LPA or SB time with 
MVPA may be an appropriate strategy for better physical 
fitness in preschoolers.
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