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Abstract
Background  Mental health issues in preschool children are a significant public health concern with long-term 
developmental implications. Understanding how reallocations of time among different 24-hour movement 
behaviors-moderate-to-vigorous physical activity (MVPA), light physical activity (LPA), sedentary behavior (SED), and 
sleep (SLP)-affect various dimensions of mental health is essential for designing effective interventions.

Methods  In this cross-sectional study, 828 Chinese preschool children aged 3 to 6 years were assessed. Physical 
activity and sleep were objectively measured using accelerometers to capture MVPA, LPA, SED, and SLP. Mental health 
was evaluated using the Strengths and Difficulties Questionnaire (SDQ), assessing Total Difficulties, Internalizing 
Problems, Externalizing Problems, and Prosocial Behavior. Compositional data analysis was conducted using isometric 
log-ratio (ilr) transformation, followed by multivariate linear regression to assess associations. Additionally, isotemporal 
substitution modeling and dose-response analysis were applied to examine the effects of reallocating time between 
behaviors on mental health outcomes, adjusting for age, gender, BMI, parental education, and parental attitudes 
toward physical activity.

Results  Increased MVPA was significantly associated with lower Total Difficulties (ßMVPA= − 1.587; P < 0.001) and 
Internalizing Problems (ßMVPA= − 0.663; P = 0.017). Increased SED was associated with higher Total Difficulties 
(ßSED= 1.512; P < 0.05), while increased SLP was linked to improved Externalizing Problems (ßLPA= − 1.792; P = 0.008). 
Reallocating as little as 1 min from LPA or SED to MVPA or SLP significantly reduced Total Difficulties and Internalizing 
Problems (P < 0.05). Conversely, replacing SED or SLP with LPA increased Externalizing Problems, particularly Conduct 
Problems and Hyperactivity/Inattention (P < 0.05). A critical threshold at 30 min was identified, beyond which the 
effects on mental health outcomes became more pronounced.
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Background
Mental health issues among children have emerged as a 
significant global public health concern, with approxi-
mately 20% of children and adolescents worldwide expe-
riencing mental health disorders such as depression, 
anxiety, and behavioral problems [1]. A global meta-
analysis reported a pooled prevalence of 13.4% for any 
mental disorder in children and adolescents, with varia-
tions across regions and age groups [2]. In China, around 
17% of children are affected, highlighting the pervasive 
nature of this issue [3]. Specifically, studies have shown 
that more than 25% of Chinese preschool children exhibit 
emotional or behavioral difficulties, such as hyperactivity, 
emotional instability, and challenging behavior in social 
interaction [4, 5], indicating that mental health chal-
lenges emerge even before school age. These early diffi-
culties not only diminish quality of life during childhood 
but also have long-term consequences on psychological 
development, social adaptation, and academic perfor-
mance into adulthood [6]. If not addressed promptly, 
these issues may persist, exacerbating social and eco-
nomic burdens [7, 8].

The preschool period is a critical stage for psychologi-
cal development and presents a vital window for early 
detection and intervention. Preschool children’s mental 
health is complex and multifaceted, encompassing vari-
ous dimensions such as emotional symptoms, conduct 
problems, hyperactivity/inattention, peer relationship 
problems, and prosocial behaviors [9]. Understanding 
the factors influencing these dimensions is essential for 
developing targeted interventions. Physical activity and 
sleep have been identified as significant influencers of 
children’s mental health. Moderate-to-vigorous physical 
activity (MVPA) and adequate sleep (SLP) are particu-
larly crucial for emotional regulation and behavioral out-
comes [10, 11].

In recent years, a growing body of evidence has rein-
forced the theoretical foundation linking 24-hour move-
ment behaviors—including MVPA, light physical activity 
(LPA), sedentary behavior (SED), and sleep—to psycho-
social well-being in early childhood. Notably, Carson et 
al. and Poitras et al. found that adherence to integrated 
movement guidelines was associated with better emo-
tional regulation, reduced anxiety, and fewer behav-
ioral problems in children under five [12, 13]. Similarly, 

Chaput et al. emphasized that insufficient sleep and 
excessive sedentary time adversely affect mood and social 
functioning in young children [14]. These studies formed 
the basis of international 24-hour movement guidelines, 
which adopt a holistic perspective on how the co-depen-
dent distribution of daily activities collectively influences 
mental health. However, recent research emphasizes the 
need for a holistic view of 24 h movement behaviors to 
fully understand their cumulative impact on health [15]. 
This integrative perspective is especially relevant to pre-
schoolers, whose daily activity is distributed across highly 
variable, short-duration movement episodes.

Compositional data analysis offers an effective method 
for examining the proportional allocation of activities 
within the 24-hour day, considering the interdependent 
nature of movement behaviors. This approach allows for 
isotemporal substitution analysis, where time spent on 
one activity is reallocated to another while keeping total 
time constant [16–18]. Studies utilizing this framework 
have demonstrated that replacing sedentary time with 
MVPA or sleep can improve physical and psychologi-
cal outcomes in children [19, 20]. Nevertheless, most of 
these studies have focused on school-aged children or 
adolescents, with limited evidence specific to preschool-
ers—a group with unique developmental and behavioral 
characteristics. Moreover, existing research has not thor-
oughly analysed the relationship between the distribution 
of 24 h movement behaviors and different dimensions of 
preschool children’s mental health. This gap leaves the 
complex interactions between various movement behav-
iors and their impact on specific mental health dimen-
sions underexplored. Furthermore, most studies have 
focused on larger time increments (e.g., 5 to 60  min) 
and have not fully explored the effects of shorter reallo-
cations. Given that preschool children’s movement pat-
terns are characterized by rapid fluctuations and frequent 
short bouts of activity [21], investigating micro-level sub-
stitutions may be more ecologically valid and informative 
for this age group.

Therefore, this study aims to: (1) explore the relation-
ship between 24-hour movement behaviors and differ-
ent dimensions of preschool children’s mental health 
using compositional data analysis; (2) analyse the impact 
of short-term 24-hour movement behavior substitu-
tions on preschool children’s mental health, focusing on 

Conclusions  Reallocating time from LPA or SED to MVPA or SLP significantly improves Total Difficulties and 
Internalizing Problems in preschool children, even with brief substitutions. However, increasing LPA at the expense 
of SED or SLP exacerbates Externalizing Problems, especially Conduct Problems and Hyperactivity/Inattention. 
Interventions should promote MVPA and adequate sleep while considering the critical 30-minute threshold where 
effects become more pronounced to enhance emotional and behavioral well-being.
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small time increments that reflect their natural activity 
patterns; and (3) investigate the dose-response relation-
ship of time reallocations among movement behaviors 
on mental health outcomes. This approach is expected 
to contribute novel insights into how subtle changes in 
movement behavior distribution relate to emotional and 
behavioral outcomes in early childhood, thereby guiding 
the development of more effective, targeted intervention 
strategies.

Methods
Study design and participants
This cross-sectional study employed a combination of 
stratified cluster random sampling and convenience 
sampling to ensure the representativeness of the sample. 
Three urban districts were randomly selected from the 
16 districts of Shanghai, China. Within each district, one 
kindergarten was randomly chosen, and preschool chil-
dren aged 3 to 6 years from these kindergartens were 
recruited as the study participants. Initially, 1080 pre-
school children were invited to participate in the study. 
After obtaining written informed consent from parents 
or guardians, 1017 children voluntarily participated. 
Children with significant physical, cognitive, or psycho-
logical impairments were excluded from the study. After 
this screening, 994 children met the inclusion criteria. 
Of the participants, 861 children provided valid 24-hour 
movement data (86.6%), and demographic and mental 
health questionnaires were collected from 840 children 
(83.3%). After merging both datasets, 828 children were 
included in the final analysis, with an effective data rate 
of 83.3%.

The study was approved by the Institutional Review 
Board of Shanghai University of Sport (Ethics Approval 
No.: 102772023RT050). All participating children and 
their parents or guardians provided verbal informed 
consent after being fully informed about the study 
procedures.

Procedure
Before data collection, all research personnel received 
comprehensive training. The research team, comprising 
postgraduate students in sports science, explained the 
study objectives and procedures to participants and their 
parents in a classroom setting. During the accelerometer 
data collection phase, research staff visited the kinder-
gartens daily to ensure proper usage of the accelerom-
eters and data accuracy. Parents were instructed on how 
to correctly fit and remove the devices. To assess men-
tal health outcomes, parents completed electronic ques-
tionnaires, with real-time progress monitored through 
a backend system, allowing for verification and cross-
checking of responses. After data collection, a systematic 
review was conducted to identify and resolve missing or 

duplicated data. A double-entry system was used for data 
accuracy, with two assistants independently entering data 
into a secure database, followed by cross-verification to 
ensure consistency.

All demographic, accelerometer, and questionnaire 
data were anonymized using unique identification codes 
to maintain confidentiality, and access to the database 
was restricted to authorized researchers to ensure data 
privacy and security.

Measures
24 h movement behaviors measurement
Preschool children’s 24 h movement behaviors were 
measured using the wGT3X-BT triaxial accelerometer 
(referred to as “accelerometer”). Prior to testing, a meet-
ing was held with parents and teachers to explain the 
study procedures and provide instructions on wearing 
and removing the device. The accelerometer was initial-
ized with a 15-second epoch, and children wore it on 
their right hip for seven consecutive days. Data collection 
began at 23:00 on the first day and continued until the 
device was retrieved on the eighth day.

Data were processed using Actilife 6.5 software. To 
ensure validity, children had to wear the accelerom-
eter for at least three valid days, including two week-
days and one weekend day, with a minimum of 10 h per 
day, excluding water-based activities such as bathing or 
swimming [22]. Physical activity intensity and sedentary 
behavior (SED) were classified according to cut-points 
for preschool children defined by Pate et al. [23]. Specifi-
cally, SED was defined as 0–799 counts/min, light physi-
cal activity (LPA) as 800–1679 counts/min, moderate 
physical activity (MPA) as 1680–3367 counts/min, and 
vigorous physical activity (VPA) as ≥ 3368 counts/min. 
To improve practical interpretation, these categories can 
be illustrated by common daily examples: SED includes 
sitting still while watching television, drawing, or listen-
ing to a story; LPA involves slow walking, pretend play, 
or tidying up toys; and MVPA (i.e., MPA + VPA) includes 
running, playing tag, jumping, or dancing. Total sleep 
duration (SLP), including naps, was calculated using the 
algorithm developed by Sadeh et al. [24], validated for 
preschool populations by Meredith-Jones et al. [25].

The primary outcomes were moderate-to-vigorous 
physical activity (MVPA, calculated as MPA + VPA), LPA, 
SED, and SLP, all derived from the accelerometer data.

Mental health assessment
Children’s mental health was assessed using the Chinese 
version of the Strengths and Difficulties Questionnaire 
(SDQ), which consists of 25 items across five subscales: 
Emotional Symptoms, Peer Relationship Problems, Con-
duct Problems, Hyperactivity/Inattention, and Proso-
cial Behavior. Each item is rated on a 3-point scale, with 
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parents completing the electronic questionnaire based 
on their child’s daily behavior. The Chinese SDQ version 
has been extensively validated for use in preschool-aged 
populations and demonstrates acceptable psychometric 
properties. Previous studies have reported good inter-
nal consistency (Cronbach’s alpha ranging from 0.63 to 
0.78 across subscales), satisfactory test–retest reliabil-
ity (intraclass correlation coefficients > 0.70), and robust 
construct validity, as confirmed by confirmatory factor 
analysis in Chinese samples aged 3 to 6 years [26–28].

Each SDQ subscale contains 5 items, with scores rang-
ing from 0 to 10. The Total Difficulties Score (range 
0–40) is calculated by summing the scores of four sub-
scales: Emotional Symptoms, Peer Relationship Prob-
lems, Conduct Problems, and Hyperactivity/Inattention. 
In line with previous recommendations for general and 
low-risk populations [29], the study also calculated Inter-
nalizing Problems (sum of Emotional Symptoms and 
Peer Relationship Problems) and Externalizing Problems 
(sum of Conduct Problems and Hyperactivity/Inatten-
tion). Lower Total Difficulties, Internalizing Problems, 
and Externalizing Problems scores indicate better men-
tal health. Prosocial Behavior is reported separately, with 
higher scores reflecting better social functioning.

 Covariates
Previous studies have demonstrated that factors such as 
gender, age, parental education level, and parental atti-
tudes toward physical activity can significantly influence 
children’s 24-hour movement behaviors [30]. To account 
for potential confounding effects, the following covari-
ates were controlled for in the analysis: child’s age, gen-
der, district of residence, BMI, parental education level, 
and parental attitudes toward physical activity.

Age, gender, district of residence, and parental educa-
tion level were collected through a structured question-
naire. Parental attitudes toward physical activity were 
assessed with a dichotomous response (“Like” or “Dis-
like”). BMI was calculated as weight (kg) divided by 
height squared (m2). These covariates were included in 
the statistical models to ensure a robust analysis of the 
relationship between 24-hour movement behaviors and 
mental health outcomes.

Statistical analysis
Statistical analyses followed the guidelines for 24-hour 
movement behavior composition analysis as described 
by Chastin et al. [16]. All analyses were conducted using 
R version 4.3.2 with the Compositions and robComposi-
tions packages, and Stata 17.0 software. The specific pro-
cedures included:

Descriptive statistics for 24 h movement
The total 24-hour movement time was fixed at 1440 min. 
Mean values of each movement component (MVPA, 
LPA, SED, and SLP) were calculated to describe central 
tendencies. A log-ratio variance matrix was employed to 
assess the variability among these behaviors, where lower 
variance values indicated stronger associations between 
two behaviors and higher values indicated weaker 
associations.

Multivariate linear regression for 24 h movement
To address multicollinearity inherent in compositional 
data, isometric log-ratio (ilr) transformations were 
applied to the movement behavior components. These 
ilr-transformed components were then used as indepen-
dent variables in multivariate linear regression models, 
with mental health outcomes as dependent variables. 
Covariates, including age, gender, district of residence, 
BMI, parental education level, and parental attitudes 
toward physical activity, were incorporated into the 
models to control for potential confounding effects. This 
allowed for an in-depth analysis of how different activity 
behaviors are associated with mental health in preschool 
children.

Isotemporal substitution analysis
Following the multivariate linear regression, isotempo-
ral substitution analysis was performed to evaluate the 
effects of reallocating time between different movement 
behaviors on mental health outcomes [31]. The ilr-trans-
formed data were used to predict changes in the outcome 
variables when a fixed amount of time (e.g., 5 min) was 
substituted from one activity to another, while keeping 
the total time spent on all activities constant.

Considering that short bouts of MVPA (< 5 min) con-
stitute a significant portion of preschool children’s daily 
activities, particularly in China [21], this analysis began 
by reallocating time in 1-minute and 5-minute incre-
ments. The total time was fixed at 1440  min, and the 
reallocation of 1–5 min from one activity to another was 
modeled, keeping the time spent on the remaining activi-
ties unchanged. The impact of these substitutions on 
mental health outcomes was then calculated.

For behaviors showing significant associations with 
mental health in the isotemporal substitution analysis, 
a further dose-response analysis was conducted. Time 
reallocations were extended in 5-minute increments, 
up to 60 min, to explore the dose-response relationship 
between time substitutions and mental health outcomes. 
Both the isotemporal substitution and dose-response 
analyses were performed using the Compositions pack-
age in R [31, 32], with data visualization and plotting 
completed in Excel 2021, following established composi-
tional data analysis methods.
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Results
Participant characteristics
The final sample included 828 preschool children (mean 
age 4.9 ± 0.9 years; mean BMI 15.7 ± 1.7 kg/m²), with 449 
boys (54.2%) and 379 girls (45.8%). Class levels were dis-
tributed as 14.7% junior (n = 122), 28.4% middle (n = 235), 
and 56.9% senior (n = 471). Regarding family structure, 
68.8% of children were the only child. Parental education 
levels were 1.7% primary/junior high, 6.8% high school/
technical, 70.0% bachelor’s/associate, and 21.5% mas-
ter’s or higher. Parental attitudes toward physical activity 
varied: 23.6% of parents strongly liked it, 29.4% moder-
ately liked it, 38.0% were neutral, and 9.0% disliked it. 
The mean Total Difficulties Score was 9.05 ± 3.25. The 
mean Internalizing Problems score was 3.99 ± 2.20, Exter-
nalizing Problems 5.68 ± 2.49, and Prosocial Behavior 
6.85 ± 1.82 (see Table 1).

 Distribution of 24 h movement
Descriptive analysis
Compositional mean times (and percentage of 24-hour 
time) were 78.87  min (5.48%) for MVPA, 112.73  min 
(7.83%) for LPA, 649.32  min (45.09%) for SED, and 
599.08 min (41.60%) for SLP. The corresponding arithme-
tic means were 77.50 min (5.70%) for MVPA, 96.50 min 
(7.14%) for LPA, 552.50  min (40.75%) for SED, and 
629.00  min (46.42%) for SLP (Table  2). The arithmetic 
method slightly underestimated MVPA, LPA, and SED, 
and overestimated SLP, highlighting the value of com-
positional analysis for accurate movement behavior 
representation.

Variance matrix analysis
The log-ratio variance matrix (Supplementary Table 1) 
showed all isometric log-ratio variances > 0, indicating 
interdependence of behaviors. The lowest variance was 
between SED and SLP, suggesting a high degree of sub-
stitution between these two behaviors. The highest vari-
ances were between MVPA vs. LPA and LPA vs. SED, 
indicating those behaviors are less interchangeable.

Compositional linear regression analysis of 24 h movement 
and mental health
After adjusting for covariates, ilr-transformed 24-hour 
movement behaviors (MVPA, LPA, SED, SLP) were 
entered into linear regression models with SDQ subscales 
(Emotional Symptoms, Peer Problems, Conduct Prob-
lems, Hyperactivity/Inattention, Prosocial Behavior) and 
summary scores (Total Difficulties, Internalizing, Exter-
nalizing) as outcomes (Table  3). For Total Difficulties 
(model P < 0.001, R² = 0.048), MVPA was negatively asso-
ciated (β = -1.587, P < 0.001) and SED was positively asso-
ciated (β = 1.511, P < 0.05) with the score. LPA and SLP 
showed no significant associations (P > 0.05). For Inter-
nalizing Problems (model P = 0.045, R² = 0.016), MVPA 
had a negative association (β = -0.663, P = 0.017), while 
LPA, SED, and SLP were not significantly associated. In 
the Emotional Symptoms subscale, MVPA was nega-
tively (β = -0.423, P = 0.026) and LPA positively (β = 0.383, 
P = 0.038) associated, whereas SED and SLP were not. 
No movement behavior was significantly related to Peer 
Problems (P > 0.05). For Externalizing Problems (model 
P = 0.053, R² = 0.015), SED (β = -1.325, P = 0.022) and SLP 
(β = -1.792, P = 0.008) were negatively associated, while 

Table 1  Characteristics of participants
Variable Percentage (%) / Mean ± SD
Age (years) 4.91 ± 0.92
BMI (kg/m²) 15.74 ± 1.71
Gender (n, %)
 Boy 449 (54.2)
 Girl 379 (45.8)
District (n,%)
 Baoshan district 464 (56.0)
 Jing’an district 121 (14.6)
 Minhang district 243 (29.4)
Class Level (n, %)
 Junior class 122 (14.7)
 Middle class 235 (28.4)
 Senior class 471 (56.9)
Only Child (n, %)
 Yes 570 (68.8%)
 No 258 (31.2%)
Parental education level (n, %)
 Primary/junior high school 14 (1.7%)
 High school/vocational school 56 (6.8%)
 Bachelor/associate degree 580 (70.0%)
 Master’s degree or higher 178 (21.5%)
Parental Attitudes toward physical activity (n, %)
 Very positive 195 (23.6%)
 Somewhat positive 243 (29.4%)
 Neutral 315 (38.0%)
 Not positive 75 (9.0%)
Mental health scores
 Total difficulties score 9.05 ± 3.25
 Internalizing problems 3.99 ± 2.20
 Emotional symptoms 1.93 ± 1.51
 Peer relationship problems 2.06 ± 1.31
 Externalizing problems 5.68 ± 2.49
 Conduct problems 1.82 ± 1.06
 Hyperactivity/Inattention 3.85 ± 1.94
 Prosocial Behavior 6.85 ± 1.82

Table 2  Compositional mean and arithmetic mean of 24-hour 
movement data
Statistic MVPA LPA SED SLP
Compositional Mean (min) 78.87 112.73 649.32 599.08
Compositional Mean (%) 5.48 7.83 45.09 41.60
Arithmetic Mean (min) 77.50 96.50 552.50 629.00
Arithmetic Mean (%) 5.70 7.14 40.75 46.42
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MVPA and LPA were not significant. In the Conduct 
Problems subscale, MVPA was negatively (β = -0.300, 
P = 0.024) and LPA positively (β = 0.397, P = 0.002) asso-
ciated. For Hyperactivity/Inattention, MVPA showed a 
positive association (β = 0.587, P = 0.016) and both SED 
(β = -1.150, P = 0.011) and SLP (β = -1.551, P = 0.003) 
showed negative associations. No significant associations 
were observed between any movement behavior and Pro-
social Behavior (P > 0.05).

Predicted changes in mental health following isotemporal 
substitution of 24 h movement
Isotemporal substitution models were used to estimate 
the impact of reallocating time between behaviors in 
1-minute and 5-minute increments (Supplementary 

Table 2). After adjusting for covariates, the following 
effects were observed:

Replacing 1  min of LPA or SED with MVPA signifi-
cantly reduced the Total Difficulties Score (95% CI of 
change for LPA: -0.033 to -0.011; for SED: -0.026 to 
-0.009). Similarly, replacing 1  min of LPA or SED with 
SLP lowered the Total Difficulties Score (LPA: -0.020 to 
-0.006; SED: -0.013 to -0.005). These effects were consis-
tent for 5-minute reallocations.

For Internalizing Problems, reallocating 1  min from 
LPA or SED to MVPA significantly lowered the score 
(LPA: -0.018 to -0.002; SED: -0.013 to -0.001). Likewise, 
shifting 1  min from LPA or SED to SLP reduced Inter-
nalizing Problems (LPA: -0.010 to -0.001; SED: -0.005 to 
-0.001). Emotional Symptoms showed similar improve-
ments with these reallocations, while Peer Problems 
remained unchanged.

For Externalizing Problems, replacing 1 min of SED or 
SLP with LPA (i.e., increasing LPA at the expense of SED 
or SLP) raised the score (SED: 0.001 to 0.009; SLP: 0.002 
to 0.012). Specifically, for Conduct Problems, replacing 
1 min of MVPA, SED, or SLP with LPA increased scores 
(MVPA: 0.002 to 0.010; SED: 0.001 to 0.005; SLP: 0.001 to 
0.006). Additionally, reallocating 1 min of MVPA to SED 
increased Conduct Problems (0.001 to 0.006). For Hyper-
activity/Inattention, shifting 1  min from SED or SLP to 
MVPA led to higher scores (SED: 0.008 to 0.061; SLP: 
0.014 to 0.072). The 5-minute substitution results were 
consistent with those of 1-minute increments.

No significant changes in Prosocial Behavior were 
observed with any time reallocations (P > 0.05).

 Dose-response relationship of 24 h movement 
substitution
To further examine the substitution effects, time real-
locations were simulated from 1 up to 60 min in 5 min 
increments, as illustrated in Figs. 1, 2 and 3:

(1)	Total Difficulties (Fig. 1a and b): Increasing MVPA 
(replacing LPA or SED) led to a progressively lower 
Total Difficulties Score, with the greatest reduction 
when replacing LPA. Conversely, reducing MVPA 
(adding LPA or SED) increased the Total Difficulties 
Score, with an inflection point around 25–30 min 
where the increase accelerated. Similarly, increasing 
SLP in place of LPA or SED steadily decreased the 
Total Difficulties Score (more pronounced after 
30 min when replacing LPA). Swapping SLP and 
SED showed symmetric effects, with each 5-minute 
exchange changing the score by approximately 0.04 
in opposite directions.

(2)	Internalizing Problems (Fig. 2a and b): The dose-
response pattern was similar. Increasing MVPA at 
the expense of LPA or SED continuously decreased 

Table 3  Compositional linear regression between the 
proportion of 24-hour movement and mental health outcomes
Outcome 24-hour 

Movement
β P Model 

P-value
Model 
R²

Total difficul-
ties Score

MVPA -1.587 <0.001** <0.001 0.047
LPA 0.732 0.061
SED 1.511 0.042*
SLP -0.986 0.252

Internalizing 
problems

MVPA -0.663 0.017* 0.045 0.016
LPA 0.452 0.093
SED 0.393 0.442
SLP -0.297 0.615

Emotional 
symptoms

MVPA -0.423 0.026* 0.006 0.022
LPA 0.383 0.038*

SED 0.118 0.737
SLP -0.512 0.206

Peer relation-
ship problems

MVPA -0.240 0.145 0.024 0.018
LPA 0.069 0.669
SED 0.275 0.366
SLP 0.215 0.542

Externalizing 
problems

MVPA 0.287 0.360 0.053 0.015
LPA 0.512 0.094
SED -1.325 0.022*
SLP -1.792 0.008*

Conduct 
Problems

MVPA -0.300 0.024* 0.034 0.016
LPA 0.397 0.002*
SED -0.175 0.476
SLP -0.242 0.396

Hyperactivity/
Inattention

MVPA 0.587 0.016* 0.012 0.019
LPA 0.114 0.628
SED -1.150 0.011*
SLP -1.551 0.003*

Prosocial MVPA 0.163 0.478 0.170 0.011
LPA -0.109 0.626
SED -0.098 0.818
SLP 0.424 0.388

Models were adjusted for covariates (age, gender, district of residence, BMI, 
parental education level, and parental attitudes toward physical activity). * 
indicates P < 0.05, ** indicates P < 0.01.
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Internalizing Problems scores (largest benefit when 
replacing LPA), while reducing MVPA led to rising 
scores beyond 25–30 min. Replacing LPA or SED 
with SLP also decreased Internalizing Problems, with 
benefits becoming more pronounced after 30 min.

(3)	Externalizing Problems (Fig. 3): An opposite trend 
was observed. Increasing LPA (replacing SED 
or SLP) led to a continuous rise in Externalizing 
Problems scores (largest increase when replacing 
SLP). In contrast, increasing SED or SLP (replacing 
LPA) resulted in decreasing Externalizing Problems, 
with steeper declines beyond the 25–30 min mark.

These findings underscore the importance of both MVPA 
and SLP in improving mental health outcomes, particu-
larly beyond the 30 min substitution threshold.

Discussion
This study used isotemporal substitution and composi-
tional data analysis to examine the relationships between 
24 h movement behaviors and preschoolers’ mental 
health dimensions, including short-term (minute-level) 
substitutions and dose-response effects of time realloca-
tions. These methods allow a precise interpretation of 
behavior trade-offs within the fixed 24 h day, which is 
especially relevant in early childhood. The key findings 
are as follows: First, the composition of 24 h behaviors 
was strongly associated with mental health. For example, 
more MVPA correlated with lower Total Difficulties and 
Internalizing Problems, whereas more sedentary time 
was linked to higher Total Difficulties. Greater SLP and 
SED were associated with lower Externalizing Problems, 
and no significant associations were observed with Proso-
cial Behavior. These patterns suggest that different move-
ment behaviors influence specific mental health domains 
in distinct ways. Second, even brief reallocations of time 
had notable effects. Substituting as little as one minute of 
LPA or SED with MVPA or SLP reduced Total Difficul-
ties and Internalizing Problems, highlighting that micro-
adjustments in daily routines can benefit mental health. 
This is especially relevant in early childhood, where sus-
taining long bouts of activity is challenging. Conversely, 

Fig. 3  Effect of Isotemporal Substitution of SED and SLP with LPA on Ex-
ternalizing Problems

 

Fig. 2  Effects of Isotemporal Substitution on Internalizing Problems. a Substituting LPA and SED with MVPA. b Substituting LPA and SED with SLP

 

Fig. 1  Effects of Isotemporal Substitution on Total Difficulties Score. a Substituting LPA and SED with MVPA. b Substituting LPA and SED with SLP
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replacing SED or SLP with LPA increased Externalizing 
Problems, particularly Conduct Problems and Hyperac-
tivity/Inattention. Lastly, dose-response analysis showed 
that increasing MVPA or SLP at the expense of LPA or 
SED consistently improved Total Difficulties and Inter-
nalizing Problems, whereas increasing LPA—especially 
at the expense of SLP—worsened Externalizing Prob-
lems. We identified a critical ~ 30-min threshold beyond 
which these effects became more pronounced. This 
suggests that the benefits or detriments of time real-
locations intensify beyond a certain duration, offering 
insight into minimum effective doses for interventions. 
Overall, these findings highlight the importance of both 
the overall distribution of movement behaviors and brief 
activity adjustments in promoting mental health among 
preschoolers.

Several studies have highlighted the benefits of balanc-
ing 24-hour movement behaviors for children’s physical 
and mental health [12–14]. In line with this evidence, 
countries such as Canada and Australia have estab-
lished 24-hour movement guidelines for preschool-
ers [33–35]. These guidelines recommend that children 
aged 3 to 5 years have at least 180 min of physical activ-
ity per day (including ≥ 60 min of MVPA) and 10–13 h of 
sleep, with minimal sedentary time. Our compositional 
analysis showed that, on average, children in our study 
spent about 78.87  min in MVPA, 112.73  min in LPA, 
649.32 min in SED, and 599.08 min in SLP per day. Com-
pared to the guidelines, the average MVPA in our sample 
met the recommended minimum (≥ 60 min/day), indicat-
ing most children achieved the suggested physical activ-
ity level. However, average sleep (~599  min, just under 
10 h) fell short of the 10–13 h recommended, suggesting 
some children did not get sufficient rest. These findings 
demonstrate the utility of compositional data analysis 
for understanding how preschoolers allocate time across 
movement behaviors. They also emphasize the need 
to address not just MVPA but also sleep and sedentary 
behavior to promote overall health in this age group.

Our SDQ-based analysis highlights complex relation-
ships between movement behaviors and mental health. 
Compositional regression showed that MVPA was asso-
ciated with lower Total Difficulties scores and fewer 
Internalizing Problems (particularly fewer Emotional 
Symptoms), whereas more SED was associated with 
higher Total Difficulties. These findings reinforce the 
positive role of MVPA in preschoolers’ mental health 
and the potential risks of excessive sedentary time [36]. 
Previous studies similarly found that MVPA enhances 
emotional regulation, reduces symptoms of anxiety and 
depression, and improves cognitive function, all of which 
contribute to better mental health outcomes [37, 38].

In contrast to internalizing outcomes, increased 
SED and SLP were associated with improvements in 

Externalizing Problems. Subdimensional analysis indi-
cated that MVPA was beneficial for reducing Con-
duct Problems, whereas LPA worsened them. However, 
MVPA was also linked to higher Hyperactivity/Inat-
tention, whereas both SED and SLP were associated 
with improvements in that aspect of behavior. These 
results align with evidence that not all sedentary behav-
ior is detrimental [20, 39]. Non-screen sedentary activi-
ties (e.g., reading, structured learning) engage cognitive 
processes and promote attention regulation, which can 
reduce impulsivity and hyperactivity in young children 
[40]. Such activities encourage sustained focus and self-
regulation and have a calming influence, explaining why 
increased SED time can help lower Hyperactivity/Inat-
tention. By contrast, the link between high MVPA and 
elevated Hyperactivity/Inattention may reflect overstim-
ulation from intense physical activity in preschoolers. 
Short, unstructured bursts of activity typical at this age 
can heighten restlessness and distractibility. Thus, while 
MVPA has clear benefits, its effects vary by behavioral 
domain and should be structured to avoid exacerbating 
attention difficulties. The finding that MVPA improves 
Conduct Problems but worsens Hyperactivity/Inatten-
tion underscores the need to tailor physical activity inter-
ventions to specific externalizing behavior profiles in 
preschool children.

To further clarify the impact of time reallocations, 
we conducted isotemporal substitution analyses. Prior 
studies applied this approach but often used larger time 
intervals (e.g., 15  min or more) [20]. Given the rapid, 
fluctuating nature of preschoolers’ activities, we focused 
on shorter intervals. We modeled time reallocations in 
1- and 5-min increments. The results showed that shift-
ing even 1 min from SED or LPA to MVPA or SLP sig-
nificantly improved Total Difficulties and Internalizing 
scores. Conversely, shifting time from SED or SLP to 
LPA by as little as 1 min increased Externalizing Prob-
lems, particularly Conduct Problems and Hyperactivity/
Inattention. These effects were evident across all tested 
intervals, with larger time substitutions producing more 
pronounced changes.

The finding that even brief changes in activity can sig-
nificantly affect mental health underscores how sensi-
tive preschoolers’ well-being is to daily activity patterns. 
Small increases in MVPA or SLP likely yield cumulative 
benefits for emotional regulation and stress reduction, 
improving Total Difficulties and Internalizing outcomes 
[41, 42]. By contrast, replacing SED (especially struc-
tured quiet activities) or SLP with additional LPA may 
overstimulate children. LPA in this age group is typically 
low-intensity and unstructured, offering less cognitive 
engagement and fewer opportunities to practice self-
regulation [43]. Thus, even modest shifts toward more 
LPA at the expense of rest or quiet time can increase 
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impulsivity and hinder behavior control, exacerbating 
externalizing issues [44]. Each small change may seem 
trivial on its own, but their effects accumulate, highlight-
ing the importance of balancing active play with suffi-
cient rest and calm activities to support optimal mental 
health.

Our dose-response analysis identified approximately 
30 min as a critical threshold where the impact of activity 
reallocations became markedly stronger. Beyond 30 min, 
replacing MVPA with LPA or SED more sharply wors-
ened Total Difficulties and Internalizing Problems, and 
adding SLP in place of LPA led to accelerated improve-
ments in those outcomes. Similarly, substituting LPA 
with SED or SLP beyond 30  min produced larger gains 
in Externalizing Problems. These patterns suggest that 
sustained changes (over 30 min) have cumulative physi-
ological and psychological effects. For example, los-
ing more than 30 min of MVPA may greatly reduce the 
endorphin release and neurophysiological stimulation 
needed to manage internalizing symptoms [45]. Such 
a reduction could significantly diminish these benefits, 
leading to higher Total Difficulties and more Internaliz-
ing Problems.

Conversely, an extra 30 + minutes of sleep allows chil-
dren to enter deeper, more restorative sleep stages, bol-
stering emotional resilience and cognitive function [46]. 
Extended sedentary or sleep periods also help regulate 
arousal and reduce overstimulation, which can decrease 
impulsivity and hyperactivity. Notably, longer sedentary 
periods that involve cognitively engaging, non-screen 
activities provide opportunities to develop attention 
span and self-regulation skills. Thus, the 30-minute mark 
appears pivotal: it illustrates that both the type of activ-
ity and its duration influence mental health outcomes. 
Paying attention to these thresholds is important when 
designing interventions to optimize preschool children’s 
psychological well-being.

Moreover, socio-educational factors can introduce 
additional variation in these associations. For instance, 
we controlled for parental education level and attitudes 
toward physical activity, recognizing that higher educa-
tional attainment might promote structured routines, 
while certain cultural or socioeconomic contexts can 
either limit or facilitate children’s access to safe play envi-
ronments, consistent sleep schedules, and cognitively 
stimulating sedentary activities [47]. In homes where par-
ents place a high value on guided reading or quiet play, 
SED may lean more toward cognitively engaging tasks, 
potentially buffering against hyperactivity. Likewise, 
families with rigorous work schedules might struggle to 
ensure adequate sleep duration and high-intensity physi-
cal activities for their children, shaping 24-hour behav-
ior patterns that differentially affect mental health [48]. 
Though we accounted for these variables in our models, 

further research could delve into more nuanced aspects 
of parental involvement, family structure, and broader 
socio-economic indicators to clarify how these contex-
tual factors interact with 24-hour movement behaviors to 
influence preschoolers’ mental health.

This study has several strengths. We controlled for 
a range of covariates—age, gender, residential district, 
BMI, parental education, and parental attitudes toward 
physical activity—to reduce confounding and enhance 
the validity of our findings. We also applied composi-
tional data analysis combined with isotemporal sub-
stitution, providing a nuanced understanding of the 
interdependent relationships between 24 h movement 
behaviors and mental health. However, certain limita-
tions should be noted. First, the cross-sectional design 
precludes causal inferences; longitudinal studies are 
needed to establish temporal relationships. Second, the 
inference regarding reallocations among 24 h move-
ment behaviors is based on statistical modeling rather 
than real-life behavioral interventions. Therefore, the 
observed associations may not fully translate into actual 
behavioral changes or mental health improvements. 
Third, although we controlled for socio-educational fac-
tors of parents, we did not directly account for child-
level factors such as physical disabilities, developmental 
delays, or existing mental health conditions, which could 
influence both movement behaviors and psychological 
outcomes. These unmeasured confounders may limit the 
generalizability of our findings. Future longitudinal and 
intervention studies should comprehensively consider 
both parental and child-related characteristics to validate 
and expand upon these results. Fourth, we did not differ-
entiate types of sedentary behavior (e.g., screen time vs. 
non-screen activities), which might have distinct effects 
on mental health. Future research should examine these 
qualitative aspects of sedentary time. Fifth, our sample 
was limited to preschool children in Shanghai, China, 
which may limit generalizability to other populations and 
cultural contexts. Studies involving diverse geographic 
regions and cultural backgrounds are needed to confirm 
the broader applicability of these findings.

Conclusion
This study demonstrates that increased MVPA and SLP 
significantly improve preschool children’s mental health, 
reducing Total Difficulties and Internalizing Problems. 
Increased SED, while associated with higher Total Diffi-
culties, showed beneficial effects on Externalizing Prob-
lems, particularly in reducing Hyperactivity/Inattention. 
Even minimal reallocations of time—as little as one min-
ute—from LPA or SED to MVPA or SLP result in notable 
improvements in mental health outcomes. In contrast, 
increasing LPA at the expense of SLP or SED exacerbates 
Externalizing Problems, particularly Conduct Problems 
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and Hyperactivity/Inattention. A critical 30-minute 
threshold was identified, beyond which the effects of 
time reallocations on mental health outcomes inten-
sified. In practice, educators, parents, and healthcare 
providers could schedule short active bouts or restful 
breaks around this threshold to optimize emotional and 
behavioral well-being, highlighting the importance of 
a balanced 24-hour movement approach for preschool 
children’s mental health.
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