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ABSTRACT: Background: The Canadian 24-h movement guidelines (24-HMG) emphasize the holistic consideration
of physical activity (PA), sedentary behavior, and sleep in shaping health outcomes. This study aimed to examine the
associations between meeting 24-HMG and emotion regulation-related indicators among children and adolescents.
Methods: A total of 534 Chinese children and adolescents aged 12.94 + 1.10 years (49.81% males) participated in this
study and completed self-report measures assessing 24-h movement behaviors, emotion regulation strategies, emotion
regulation flexibility, and regulatory emotional self-efficacy. Results: Only 7.12% of the participants adhered to two or all
three guidelines. The number of guidelines met was positively associated with the use of emotion regulation strategies,
emotion regulation flexibility, and regulatory emotional self-efficacy. Compared with meeting none of the guidelines,
participants who met one or more guidelines reported significantly better performance in these outcomes. Conclusion:
Meeting 24-HMG was associated with superior emotion regulation in children and adolescents. The importance of
engaging in regular PA, limiting recreational screen time, and getting enough sleep should be highlighted for fostering
emotion regulation in this demographic.

KEYWORDS: 24-hour movement guidelines; emotion regulation strategies; emotion regulation flexibility; regulatory
emotional self-efficacy

1 Introduction

Children and adolescents’ mental health has long been a focus of social concern. During this develop-
mental stage—marked by continual physical and psychological transitions, and compounded by increasing
pressures and conflicts—the prevalence of mental health issues continues to rise. Evidence suggests a signif-
icant decline in the emotional well-being among children and adolescents since the early 21st century [1],
coinciding with a notable rise in depression, non-suicidal self-injury, and even suicide [2-4]. In navigating
these challenges, timely and effective emotion regulation emerges as a pivotal factor. Enhancing positive
emotions and mitigating negative emotions through emotion regulation are paramount for the psychological
well-being and long-term development of children and adolescents.

Emotion regulation is the process through which individuals exert influence over which emotions
they have, when they have them, and how they experience and express these emotions [5]. This process
primarily involves the selection and use of emotion regulation strategies. Among these strategies, cognitive
reappraisal and expressive suppression are the most common and valuable [6]. Cognitive reappraisal involves
changing one’s interpretations or appraisals of affective stimuli, which is a form of antecedent-focused
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emotion regulation; expressive suppression is characterized by inhibiting emotion-expressive behavior while
emotionally aroused, which is a form of response-focused emotion regulation [6]. Empirical studies have
demonstrated that cognitive reappraisal is positively associated with the reduction of negative emotional
experiences, and the enhancement of positive emotions and overall well-being [7,8]. Expressive suppression
can regulate negative emotions as well, but its impact may be relatively weaker compared with cognitive
reappraisal [6].

The effectiveness of emotion regulation is contingent not only upon the use of emotion regulation strate-
gies, but also upon the context; it depends on the alignment of strategies with the situational demands [9].
Such emphasis on adaptability is reflected in the concept of emotion regulation flexibility, which refers
to one’s ability to flexibly deploy emotion regulation strategies in response to changing situations [10]. It
encompasses reappraisal flexibility, where individuals flexibly change their interpretation and evaluation
of emotional stimuli from multiple perspectives (such as holistic perspective, long-term perspective), and
expressive flexibility, which reflects the flexibility of individuals to adjust their emotional expression [11].
Prior research has indicated that individuals with high emotion regulation flexibility are better able to manage
negative affect and cope with stress [12,13].

Another important indicator of emotion regulation is regulatory emotional self-efficacy, which gener-
ally includes self-efficacy in expressing positive emotions, regulating despondency/distress emotions, and
regulating anger/irritation emotions [14]. Individual differences in effectively managing daily emotional
experiences stem not only from variations in regulation skills but also from differing beliefs about one’s ability
to regulate emotions [14]. These beliefs can influence the effectiveness of emotion regulation [15] and, at the
same time, influence the individual’s emotional performance. Studies have shown that regulatory emotional
self-efficacy contributes to facilitating positive emotional experiences, lowering levels of depression, and
fostering positive expectations for the future [16,17].

Opverall, the use of emotion regulation strategies, greater emotion regulation flexibility, and higher
regulatory emotional self-efficacy are all conducive to emotional and psychological well-being [7,12,16].
Nonetheless, there is a scarcity of research exploring factors that could positively influence these emotion
regulation-related indicators, especially among children and adolescents. This knowledge gap hinders
endeavors aimed at enhancing their abilities to effectively regulate emotions. Consequently, investigations
into the modifiable determinants of emotion regulation-related indicators among children and adolescents
are urgently required.

Several studies have shown associations between daily movement behaviors and emotion regulation
indicators. For instance, evidence suggests that physical activity (PA) is positively associated with cognitive
reappraisal and negatively associated with expressive suppression [I18]. Sleep deprivation is negatively
associated with regulatory emotional self-efficacy [19] and may also impair cognitive reappraisal ability [20].
These movement behaviors likely exert influence on emotion regulation through biological, psychological,
and social pathways. From a biological perspective, PA can promote neural plasticity in the prefrontal
cortex, which is an area critical for executive functions and emotional regulation [21]. Similarly, sleep is
beneficial for the perception of emotional stimuli and the processing of automatic responses by increasing
neurological activity [22]. From psychological and cognitive perspectives, PA can enhance self-efficacy,
which in turn boosts confidence in emotion regulation [23], while screen-based sedentary behavior may
impair cognitive flexibility [24], hindering the use of adaptive strategies such as cognitive reappraisal. From
a social perspective, engaging in team sports or family PA can provide social support and strengthen
interpersonal connections, offering additional emotion regulatory benefits [25]. Taken together, these
multidimensional pathways highlight the critical roles of maintaining healthy movement behaviors for
effective emotion regulation.
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Traditionally, these movement behaviors were studied separately. However, researchers now recognize
the interdependence of daily movement behaviors and advocate that their influence on health outcomes
should be considered concurrently. This shift led to the Canadian 24-h movement guidelines (24-HMG) for
children and adolescents, which recommend at least 60 min of moderate to vigorous PA (MVPA) per day,
no more than 2 h of recreational screen time (RST) per day, and 9-11 h of sleep for children aged 5-13 years
or 8-10 h for adolescents aged 14-17 years to maintain well-being [26]. Since then, numerous studies have
indicated that following 24-HMG offers significant benefits for children and adolescents, such as better body
composition, decreased depression and anxiety, and greater global cognition [27-29].

Clearly, improving adherence to 24-HMG has the potential to gain physical, mental, and cognitive
health benefits. However, to the best of our knowledge, there are no published studies investigating the rela-
tionships between meeting 24-HMG and emotion regulation-related indicators in children and adolescents.
Expanding our knowledge in this direction is important to enhance individuals’ capacities to effectively
manage daily emotions, thereby fostering emotional well-being. Therefore, this study aimed to examine
the associations between meeting 24-HMG and emotion regulation indicators (i.e., the use of emotion
regulation strategies, emotion regulation flexibility, and regulatory emotional self-efficacy) among children
and adolescents. We hypothesized that meeting 24-HMG would be positively associated with increased use
of emotion regulation strategies, elevated levels of emotion regulation flexibility, and enhanced regulatory
emotional self-efficacy.

2 Methods

2.1 Participants and Procedure

This cross-sectional study was conducted in two schools (one primary school and one middle school)
in Guangdong Province, China. To minimize selection bias, all classes in Grades 5 to 8 were invited
to participate. The process of questionnaire collection was supervised by schoolteachers who had been
trained in standardized questionnaire administration procedures (e.g., questionnaire explanation and test
instruction). Participants were informed that their participation was voluntary, anonymous, and confidential,
and they could quit the assessment whenever they wanted. Informed consent was obtained from both the
participants and their guardians. The Medical Ethics Committee of the Department of Psychological and
Behavioral Sciences at Zhejiang University approved this research (No. [2021]052). All participants in this
study signed the informed consent form.

Initially, 580 students were recruited for the study. After excluding those who did not complete the
questionnaires, a total of 534 students were included in the final statistical analysis. The demographic
information of these participants is presented in Table 1.

Table 1: Participant characteristics (n = 534)

Characteristics Groups Value*
Age - 12.94 £ 1.10
Sex Male 266 (49.81%)

Female 268 (50.19%)
Hometown Urban areas 500 (93.63%)

Rural areas 34 (6.37%)
Only child or not Yes 89 (16.67%)

No 445 (83.33%)

(Continued)
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Table 1 (continued)

Characteristics Groups Value*
Grade Grade 5 66 (12.36%)
Grade 6 77 (14.42%)

Grade 7 216 (40.45%)

Grade 8 175 (32.77%)

Father’s educational level Middle school and below 164 (30.71%)

Mother’s educational level

Meeting 24-HMG (categorical variable)

Meeting 24-HMG (continuous variable)

Use of emotion regulation strategies
Cognitive reappraisal
Expressive suppression

Emotion regulation flexibility
Reappraisal flexibility
Expressive flexibility

Regulatory emotional self-efficacy
Expressing positive emotions

Regulating despondency/distress emotions

Regulating anger/irritation emotions

High school/Technical secondary
school
University/Junior college
Master and above
Middle school and below
High school/Technical secondary
school
University/Junior college
Master and above
None
Meeting 1 out of 3
RST
Sleep
PA
Meeting 2 out of 3
RST + Sleep
RST + PA
PA + Sleep
All met

199 (37.27%)

148 (27.72%)
23 (4.31%)

185 (34.64%)
177 (33.15%)

147 (27.53%)
25 (4.68%)
284 (53.18%)
212 (39.70%)
35 (6.55%)
161 (30.15%)
16 (3.00%)
36 (6.74%)
24 (4.49%)
2 (0.37%)

10 (1.87%)

2 (0.37%)
0.54 + 0.64
46.57 +12.35
28.87 + 8.25
17.70 + 5.89
5.24 +1.20
521+1.26
527 £1.22
41.63 + 10.08
15.54 + 3.86
13.13 + 4.04
12.96 + 4.24

Note: 24-HMG, 24-h movement guidelines; RST, recreational screen time; PA, physical activity.*Continuous variables
are presented as mean + SD, and categorical variables as sample counts (percentages).
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2.2 Variables and Measurements
2.2.1 Meeting 24-HMG

Meeting 24-HMG was handled in terms of continuous variable (the number of guidelines met, ranging
from 0 to 3) and categorical variable (different combinations of guidelines met). The combinations included:
(a) meeting 1 out of 3 guidelines (PA only, RST only, sleep only); (b) meeting 2 out of 3 guidelines (PA + RST,
PA + sleep, or RST + sleep); (c) meeting all guidelines simultaneously.

The 3 components (PA, RST, and sleep) of 24-HMG were assessed using 3 single-item questions. PA
was measured by the question, “How many days per week did you participate in MVPA for at least 60
min?”. In accordance with guidelines recommending a minimum of 60 min of MVPA per day, participants
who reported engaging in MVPA for 7 days per week were coded as 1, while others were coded as 0. RST
was assessed by the question, “How many days per week did you engage in screen-based entertainment
(such as watching TV, playing games, or chatting online) for more than 2 h?”. Consistent with guidelines
recommending no more than 2 h of RST per day, participants responding with “0 days per week” were coded
as 1, while others were coded as 0. Sleep duration was assessed by asking participants about their wake-up and
bedtime routines on weekdays and weekends over the past month. The average daily sleep duration was then
computed. Based on the guidelines recommending 9-11 h of sleep for children and 8-10 h for adolescents,
participants who met the recommended sleep duration were coded as 1, while those who did not were coded
as 0.

2.2.2 Emotion Regulation-Related Indicators

Emotion regulation strategies were measured using the Emotional Regulation Questionnaire, which
consists of 10 items, with 6 items measuring cognitive reappraisal and 4 items measuring expressive
suppression [8]. Participants responded on a 7-point Likert scale ranging from 1 (completely disagree)
to 7 (completely agree). Higher scores indicated a higher frequency of using cognitive reappraisal or
expressive suppression strategies. The scores of the two subscales were summed to represent the overall use
of emotion regulation strategies. The Chinese version has satisfactory reliability and validity [30]. In this
study, Cronbach’s « for the total scale, cognitive reappraisal subscale, and expressive suppression subscale
were 0.886, 0.898, and 0.799, respectively.

Emotion regulation flexibility was assessed using the Emotion Regulation Flexibility Scale, which
comprises two subscales: the reappraisal flexibility subscale (5 items) and the expressive flexibility subscale
(5 items) [11]. Participants rated each item on a 7-point Likert scale ranging from 1 (completely disagree)
to 7 (completely agree). Higher scores indicated greater reappraisal flexibility or expressive flexibility. The
scores of the two subscales were summed to represent the overall emotion regulation flexibility. The Chinese
version of this scale has demonstrated satisfactory reliability and validity [11], including among adolescent
populations [31]. In this study, Cronbach’s « for the total scale, reappraisal flexibility subscale, and expressive
flexibility subscale were 0.922, 0.877, and 0.828, respectively.

Regulatory emotional self-efficacy, which encompasses three dimensions—self-efficacy in expressing
positive emotions, self-efficacy in regulating despondency/distress emotions, and self-efficacy in regulating
anger/irritation emotions—was assessed using the Regulatory Emotional Self-Efficacy Scale [14]. The scale
consists of 12 items, with each dimension comprising 4 items. Participants responded on a 5-point Likert scale
ranging from 1 (completely disagree) to 5 (completely agree). Higher scores indicated greater self-efficacy in
emotion regulation. The Chinese version has satisfactory reliability and validity [32]. In this study, Cronbach’s
« for the total scale and three subscales was 0.901, 0.877, 0.819, and 0.865, respectively.
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2.3 Statistical Analysis

Statistical analyses were performed using SPSS 26.0 (IBM Corp., Armonk, NY, USA). Descriptive
statistics were calculated for all variables. Correlations between variables were assessed using Pearson
correlations. Multiple linear regression was used to estimate the associations between 24-HMG and emotion
regulation-related indices. Model diagnostics, including Q-Q plots (normality), fitted value residual plots
(linearity and homoscedasticity), and variance inflation factors (multicollinearity), confirmed that all linear
regression assumptions were met. The number of guidelines met (continuous variable) and different
guideline combinations (categorical variables) were included as independent variables in the model. Gender,
age, hometown, grade, whether or not to be an only child, father’s education level, and mother’s education
level were included as covariates. For all statistical tests, the significance level was set at p < 0.05.

3 Results
3.1 Adherence to 24-HMG

This study revealed that 6.55% (n = 35), 30.15% (n = 161), and 3.00% (n = 16) of participants met only the
RST guideline, only the sleep guideline, or only the PA guideline, respectively. Additionally, 6.74% (n = 36)
met 2 out of 3 guidelines, including RST + sleep (n = 24, 4.49%), RST + PA (n = 2, 0.37%), and PA + sleep
(n =10, 1.87%). Only two participants met all three components of the 24-HMG. Unfortunately, a majority
of participants, constituting 53.18% (n = 284), did not meet any of the three guidelines (Table 1).

3.2 Correlation Analysis

The correlations between meeting 24-HMG and emotion regulation-related indicators are presented
in Table 2. We can see that meeting 24-HMG showed positive correlations with cognitive reappraisal,
emotion regulation flexibility and its sub-dimensions, as well as regulatory emotional self-efficacy and its
sub-dimensions (all p < 0.01). However, there was no significant correlation between meeting 24-HMG and
expressive suppression (p > 0.05).

Table 2: Correlations between meeting 24-HMG and emotion regulation indicators

Variables 1 2 200 22 3 310 3(2) 4 410 402 4(3)
1 Meeting 24-HMG 1.000 - - - - - - - - - _
(continuous)

2 Overall use of emotion 0.133**  1.000 - - - - - - - - _

regulation strategies
2(1) Cognitive reappraisal 0.161**  0.913**  1.000 - - - - - - - -
2(2) Expressive suppression ~ 0.052  0.820** 0.514** 1.000 - - - - - - -
3 Emotion regulation 0.143**  0.432%* 0.484** 0.228"* 1.000 - - - - - -
flexibility
3(1) Reappraisal flexibility 0.130**  0.438** 0.495** 0.226** 0.968** 1.000 - - - - -
3(2) Expressive flexibility 0.148**  0.396** 0.440** 0.216"* 0.965"* 0.869** 1.000 - - - -

4 Regulatory emotional 0.220** 0.384** 0.484** 0.127** 0.489** 0.491** 0.454** 1.000 - - -
self-efficacy

4(1) Expressing positive 0.116**  0.291** 0.412** 0.033  0.375** 0.358** 0.367** 0.745** 1.000 - -
emotions

4(2) Regulating 0.242** 0.318%*  0.391** 0.120** 0.398** 0.407** 0.362** 0.882** 0.480** 1.000 -
despondency/distress
emotions

4(3) Regulating 0.187%* 0.344** 0.403** 0.158** 0.442** 0.454** 0.400** 0.858** 0.404** 0.706** 1.000

anger/irritation emotions

Note: **p < 0.01.
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3.3 Associations between Meeting 24-HMG and Emotion Regulation Indicators
3.3.1 Associations with Emotion Regulation Strategies

Table 3 shows the associations between meeting 24-HMG and the use of emotion regulation strategies.
As a continuous variable, the number of 24-HMG met was positively associated with the use of cognitive
reappraisal (p = 2.158, 95% CI: 1.004-3.312, p < 0.001), and overall emotion regulation strategies (} = 2.484,
95% CI: 0.750-4.219, p < 0.01). Children and adolescents who met only the RST guideline or met RST with
sleep guidelines used more cognitive reappraisal (p = 4.633, 95% CI: 1.721-7.545, p < 0.01; = 5.907, 95% CI:
2.459-9.356, p < 0.001) and overall emotion regulation strategies (B = 6.520, 95% CI: 2.151-10.889, p < 0.01;
B =6.656, 95% CI: 1.482-11.829, p < 0.05) than those who met none of the 24-HMG. However, there were no
significant associations between either the number of 24-HMG met or meeting any subsets of the guidelines
and the use of expressive suppression (all p > 0.05).

Table 3: Associations between meeting 24-HMG and the use of emotion regulation strategies

Dependent
variable

Independent
variable

Meeting 24-HMG as continuous
variable (Model 1)

Meeting 24-HMG as categorical
variable (Model 2)

B (95% CI)

t

B (95% CI)

Overall use of emotion Number of guidelines met 2.484 (0.750-4.219) 2.814** - -
regulation strategies
Guidelines met
(reference: none)
RST only - - 6.520 (2.151-10.889) 2.932%*
Sleep only - - 1.639 (—0.793-4.070) 1.324
PA only - - 3.651 (—2.527-9.830) 1.161
RST + Sleep - - 6.656 (1.482-11.829) 2.527*
RST + PA - - —8.368 (—25.290-8.554) -0.971
PA + Sleep - - 6.809 (~1.010-14.628) 1711
All met - - —3.750 (—20.911-13.412) -0.429
R 0.052 0.069
Cognitive reappraisal Number of guidelines met 2.158 (1.004-3.312) 3.673%** - -
Guidelines met
(reference: none)
RST only - - 4.633 (1.721-7.545) 3.125%*
Sleep only - - 1.598 (—0.022-3.219) 1.938
PA only - - 2.428 (~1.690-6.546) 1.158
RST + Sleep - - 5.907 (2.459-9.356) 3.365***
RST + PA - - ~1.727 (~13.007-9.552) ~0.301
PA + Sleep - - 4.198 (-1.014-9.409) 1.582
All met - - ~0.765 (~12.204-10.674) —0.131
R 0.058 0.072
Expressive suppression Number of guidelines met 0.327 (-0.511-1.165) 0.766 - -
Guidelines met
(reference: none)
RST only - - 1.887 (-0.226-4.001) 1.754
Sleep only - - 0.040 (-1.136-1.216) 0.067
PA only - - 1.223 (-1.766-4.212) 0.804
RST + Sleep - - 0.749 (~1.754-3.251) 0.588
RST + PA - - —6.640 (—14.827-1.546) -1.594
PA + Sleep - - 2.611 (~1.171-6.394) 1.356
All met - - —2.985 (-11.287-5.317) -0.706
R 0.025 0.040

Note: 24-HMG, 24-h movement guidelines; RST, recreational screen time; PA, physical activity. *p < 0.05, **p < 0.01,
***p < 0.001; demographic variables were controlled as covariances.
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3.3.2 Associations with Emotion Regulation Flexibility

Table 4 shows the associations between meeting 24-HMG and emotion regulation flexibility. As a
continuous variable, the number of 24-HMG met was positively associated with reappraisal flexibility (p =
0.215, 95% CI: 0.039-0.391, p < 0.05), expressive flexibility (B = 0.231, 95% CI: 0.060-0.401, p < 0.01), and
overall emotion regulation flexibility (p = 0.223, 95% CI: 0.056-0.390, p < 0.01). Compared with meeting
none of the 24-HMG, children and adolescents who met RST with sleep guidelines showed significantly
higher reappraisal flexibility (B = 0.613, 95% CI: 0.085-1.142, p < 0.05), expressive flexibility (p = 0.578, 95%
CI: 0.067-1.089, p < 0.05), and overall emotion regulation flexibility (f = 0.596, 95% CI: 0.094-1.098, p < 0.05).
Participants who met RST guideline alone also showed higher expressive flexibility than those who did not
meet any of 24-HMG (B = 0.470, 95% CI: 0.039-0.902, p < 0.05).

Table 4: Associations between meeting 24-HMG and emotion regulation flexibility

Dependent variable

Independent
variable

Meeting 24-HMG as continuous

variable (Model 1)

Meeting 24-HMG as categorical

variable (Model 2)

B (95% CI)

t

B (95% CI)

Overall emotion regulation Number of guidelines met 0.223 (0.056-0.390) 2.618** - -
flexibility
Guidelines met
(reference: none)
RST only - - 0.398 (—0.026-0.822) 1.845
Sleep only - - 0.216 (—0.020-0.452) 1.800
PA only - - 0.145 (—0.455-0.744) 0.474
RST + Sleep - - 0.596 (0.094-1.098) 2.331*
RST + PA - - 0.567 (-1.075-2.209) 0.678
PA + Sleep - - 0.014 (—0.745-0.773) 0.037
All met - - 0.511 (-1.155-2.176) 0.602
R 0.065 0.069
Reappraisal flexibility Number of guidelines met  0.215 (0.039-0.391) 2.399* - -
Guidelines met
(reference: none)
RST only - - 0.326 (—0.121-0.772) 1.434
Sleep only - - 0.197 (-0.052-0.445) 1.556
PA only - - 0.260 (—0.371-0.891) 0.810
RST + Sleep - - 0.613 (0.085-1.142) 2.280*
RST + PA - - 0.720 (-1.008-2.448) 0.818
PA + Sleep - - —0.019 (—0.818-0.779) —0.048
All met - - 0.358 (-1.394-2.111) 0.402
R 0.068 0.072
Expressive flexibility Number of guidelines met ~ 0.231 (0.060-0.401) 2.660%* - -
Guidelines met
(reference: none)
RST only - - 0.470 (0.039-0.902) 2.140*
Sleep only - - 0.236 (—0.005-0.476) 1.926
PA only - - 0.029 (—0.582-0.640) 0.094
RST + Sleep - - 0.578 (0.067-1.089) 2.220*
RST + PA - - 0.413 (-1.260-2.086) 0.485
PA + Sleep - - 0.048 (—0.725-0.821) 0.121
All met - - 0.663 (—1.034-2.359) 0.767
R 0.055 0.061

Note: 24-HMG, 24-h movement guidelines; RST, recreational screen time; PA, physical activity. *p < 0.05, **p < 0.01;
demographic variables were controlled as covariances.

3.3.3 Associations with Regulatory Emotional Self-Efficacy

Table 5 shows the associations between meeting 24-HMG and regulatory emotional self-efficacy. As a
continuous variable, the number of 24-HMG met was positively associated with self-efficacy in expressing
positive emotions (B = 0.925, 95% CI: 0.384-1.467, p < 0.001), regulating despondency/distress emotions
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(B =1.192, 95% CI: 0.635-1.749, p < 0.001), regulating anger/irritation emotions ( = 0.844, 95% CI: 0.262-
1.427,

p < 0.01), and overall regulatory emotional self-efficacy (B = 2.962, 95% CI: 1.571-4.353, p < 0.001).
Participants who met sleep guideline alone (p = 2.222, 95% CI: 0.269-4.174, p < 0.05) or RST with sleep
guidelines (p = 9.679, 95% CI: 5.525-13.833, p < 0.001) showed higher overall regulatory emotional self-
efficacy than those who met none. In terms of self-efficacy in regulating different emotions, participants
who met RST with sleep guidelines (p = 2.829, 95% CI: 1.210-4.449, p < 0.001) or met all the three guidelines
(B = 5.740, 95% CI: 0.367-11.113, p < 0.05) showed higher self-efficacy in expressing positive emotions than
those who met none. Participants who met sleep guideline alone (B = 0.869, 95% CI: 0.087-1.651, p < 0.05),
RST with sleep guidelines (B = 3.687, 95% CI: 2.023-5.351, p < 0.001), or PA with sleep guidelines (§ = 2.963,
95% CI: 0.448-5.478, p < 0.05) showed higher self-efficacy in regulating despondency/distress emotions
than those who met none. Participants who met RST with sleep guidelines (B = 3.163, 95% CI: 1.424-4.902,
p < 0.001) showed higher self-efficacy in regulating anger/irritation emotions than those who met none.

Table 5: Associations between meeting 24-HMG and regulatory emotional self-efficacy

Dependent variable Independent Meeting 24-HMG as continuous Meeting 24-HMG as categorical
variable variable (Model 1) variable (Model 2)
B (95% CI) t B (95% CI) t
Overall regulatory Number of guidelines met 2.962 4.183%%* - -
emotional self-efficacy (1.571-4.353)
Guidelines met
(reference: none)
RST only - - 1.442 (-2.066-4.950) 0.808
Sleep only - - 2.222(0.269-4.174) 2.236*
PA only - - —0.397 (=5.358-4.565) ~0.157
RST + Sleep - - 9.679 (5.525-13.833) 4.578***
RST + PA - - —2.120 (-15.707-11.468) -0.306
PA + Sleep - - 5.593 (-0.685-11.871) 1.750
All met - - 7.150 (-6.630-20.930) 1.019
R 0.084 0.098
Self-efficacy in expressing Number of guidelines met 0.925 3.3574%% - -
positive emotions (0.384-1.467)
Guidelines met
(reference: none)
RST only - - 0.067 (-1.301-1.434) 0.096
Sleep only - - 0.759 (-0.002-1.520) 1.958
PA only - - 0.407 (-1.527-2.342) 0.414
RST + Sleep - - 2.829 (1.210-4.449) 3,432+
RST + PA - - —0.888 (—6.186-4.410) -0.329
PA + Sleep - - 0.990 (-1.458-3.438) 0.794
All met - - 5.740 (0.367-11.113) 2.099*
R 0.052 0.063
Self-efficacy in regulating Number of guidelines met 1.192 4.206%** - -
despondency/distress (0.635-1.749)
emotions
Guidelines met
(reference: none)
RST only - - 1.101 (—0.304-2.507) 1.540
Sleep only - - 0.869 (0.087-1.651) 2.182%
PA only - - 0.366 (—1.621-2.353) 0.362
RST + Sleep - - 3.687 (2.023-5.351) 4.352***
RST + PA - - —-1.640 (-7.083-3.803) —-0.592
PA + Sleep - - 2.963 (0.448-5.478) 2.315*
All met - - 0.717 (—4.803-6.237) 0.255
R 0.088 0.101
:;Igf;/fﬁ;;?;i;nnr;gnfzzzsg Number of guidelines met 0.844 2.848%* - -
(0.262-1.427)
Guidelines met
(reference: none)
RST only - - 0.274 (-1.194-1.743) 0.367

(Continued)
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Table 5 (continued)

Dependent variable Independent Meeting 24-HMG as continuous Meeting 24-HMG as categorical
variable variable (Model 1) variable (Model 2)
B (95% CI) t B (95% CI) t
Sleep only - - 0.594 (-0.223-1.412) 1.428
PA only - - —1.170 (—3.247-0.907) -1.106
RST + Sleep - - 3.163 (1.424-4.902) 3.573%**
RST + PA - - 0.409 (—5.280-6.097) 0.141
PA + Sleep - - 1.640 (—0.988-4.269) 1.226
All met - - 0.693 (—5.076-6.462) 0.236
R 0.092 0.106

Note: 24-HMG, 24-h movement guidelines; RST, recreational screen time; PA, physical activity. *p < 0.05, **p < 0.01,
***p < 0.001; demographic variables were controlled as covariances.

4 Discussion

The current study examined the relationships between meeting 24-HMG and emotion regulation-
related indicators (i.e., the use of emotion regulation strategies, emotion regulation flexibility, and regulatory
emotional self-efficacy) among Chinese children and adolescents. We observed that only a very limited
number of children and adolescents met all three 24-HMG. Significant positive associations were found
between the number of guidelines met or meeting specific guidelines and some of the examined outcomes
(Table 6 for an overview). Our study contributes to the existing literature on the 24-hour movement
behaviors framework by deepening our understanding of the role of daily movement behaviors in emotion
regulation among children and adolescents. Simultaneously, it responds to the appeal for research that aims
to promote emotion regulation in this specific population.

Table 6: Associations between meeting 24-HMG and emotion regulation-related indicators

Independent variable

Dependent variable Numberof RST Sleep PA RST+  RST PA+ RST+

guidelines Sleep +PA  Sleep  Sleep

met +PA
Overall use of emotion regulation strategies + + ns ns + ns ns ns
Cognitive reappraisal + + ns ns + ns ns ns
Expressive suppression ns ns ns ns ns ns ns ns
Emotion regulation flexibility + ns ns ns + ns ns ns
Reappraisal flexibility + ns ns ns + ns ns ns
Expressive flexibility + + ns ns + ns ns ns
Regulatory emotional self-efficacy + ns + ns + ns ns ns
Expressing positive emotions + ns ns ns + ns ns +
Regulating despondency/distress emotions + ns + ns + ns + ns
Regulating anger/irritation emotions + ns ns ns + ns ns ns

« | » >

Note: RST, recreational screen time; PA, physical activity. “+” represents a positive association, “ns
significant association.

” represents no

4.1 24-HMG Adherence among Children and Adolescents

In this study, only a minority of children and adolescents (712%) successfully adhered to two or all
three 24-HMG. Unfortunately, more than half of the participants failed to adhere to any of the guide-
lines. These findings are similar to previous research. Liang et al. found that only 1.7% of adolescents
met all three guidelines, with the majority of adolescents struggling to follow the evidence-based lifestyle
recommendations outlined in the 24-HMG [33]. Huang et al. also made a note that the prevalence of
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compliance with 24-HMG in China is much lower than the global level, which may be partially attributable
to high academic burdens [34]. Chinese children and adolescents dedicate a substantial amount of time to
accomplish academic tasks, which has squeezed their available time for other activities like PA and sleep [33].
It is critical to address the challenge of poor adherence to the 24-HMG among Chinese children and
adolescents as part of future health promotion initiatives. A key strategy is to raise the stakeholders’ (parents,
teachers, educational policy makers) awareness of health benefits associated with meeting these guidelines,
which is not limited to the physical domain, but also extends to mental and cognitive aspects [27-29]. Our
study further provides evidence on the association between meeting 24-HMG and emotion regulation, with a
view to enhancing awareness of following these healthy lifestyle guidelines among children and adolescents.

4.2 Meeting 24-HMG and Emotion Regulation Strategies

The use of emotion regulation strategies is a crucial aspect of emotion regulation. We found that
the number of meeting 24-HMG was positively associated with cognitive reappraisal and the total use
of emotion regulation strategies. Such findings are supported by previous studies [18,35]. Aparicio et al.
suggested that healthy lifestyles, such as reduced sedentary behavior, adequate sleep, and improved PA, may
have benefits for emotion regulation and the development of adaptive emotion regulation strategies [36],
which further supports our findings. It is well-documented that both sufficient PA and sleep enhance
prefrontal functions [21,37], which are essential for emotion regulation. Besides, less screen-based sedentary
behavior may benefit cognitive flexibility [24], allowing for greater use of emotion regulation strategies
amidst fluctuating emotional states.

As a categorical variable, different combinations of 24-HMG, including meeting only RST, or meeting
RST and sleep recommendations, were linked to better performance in cognitive reappraisal and overall use
of emotion regulation strategies. However, we did not observe the association between meeting 24-HMG and
expressive suppression. Similarly, Parsons et al. also reported no statistically significant associations between
sleep duration and expressive suppression [38]. It appears that meeting 24-HMG will better facilitate children
and adolescents in altering their appraisals of emotional stimuli when faced with emotionally arousing
events, rather than suppressing emotional expression.

4.3 Meeting 24-HMG and Emotion Regulation Flexibility

Emotion regulation flexibility reflects the ability to implement emotion regulation strategies that are
synchronized with contextual demands [10]. We found that the number of meeting 24-HMG was positively
associated with reappraisal flexibility, expressive flexibility, and overall emotion regulation flexibility. Fur-
thermore, as a categorical variable, meeting only RST, or meeting RST and sleep recommendations, was
related to better performance in these outcomes. Although studies regarding the associations between daily
movement behaviors and emotion regulation flexibility are limited, a study reported that greater PA predicts
flexible reduction of negative emotions as the context shifted from peer-rejection to peer-acceptance, that
is, greater emotion regulation flexibility [39]. Besides, Rezaie et al. discovered that more sleep problems
are associated with worse emotion dysregulation (e.g., struggling to manage impulsive behaviors, refusal to
accept negative emotions), and more PA is associated with less emotion dysregulation [37], which further
supports our research.

To our knowledge, this is one of the few studies investigating determinants of emotion regulation
flexibility among children and adolescents. We demonstrated the positive associations between healthy
lifestyles (i.e., limited RST, adequate sleep duration, and PA) and emotion regulation flexibility. Such
associations are plausible given that emotion regulation flexibility depends on underlying cognitive control
processes (e.g., inhibition, updating, shifting) [40], and that meeting 24-HMG was beneficially linked to
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these cognitive processes [29,41]. Considering our findings, it is recommended that children and adolescents
adhere to 24-HMG, particularly RST and sleep guidelines, as this is conducive to heightened emotion
regulation flexibility.

4.4 Meeting 24-HMG and Regulatory Emotional Self-Efficacy

The number of meeting 24-HMG was positively associated with self-efficacy in expressing positive
emotions, regulating despondency/distress emotions, regulating anger/irritation emotions, as well as overall
regulatory emotional self-efficacy. These findings are consistent with the observations from other studies.
For example, Wu et al. identified the positive association of PA with regulatory emotional self-efficacy [42].
Furthermore, Yang et al. found that sleep disturbance was negatively related to regulatory emotional self-
efficacy and its three dimensions [19]. Based on these findings, it seems reasonable to speculate that
meeting 24-HMG may be an important step in promoting regulatory emotional self-efficacy in children and
adolescents, although future longitudinal research is needed to empirically support this assumption.

As a categorical variable, meeting different combinations of 24-HMG exhibits distinct associations with
self-efficacy in emotion regulation across various emotional domains. For expressing positive emotions,
meeting RST and sleep recommendations, or meeting all three guidelines was related to higher self-efficacy;
for regulating despondency and distress emotions, meeting only sleep, meeting RST and sleep, or meeting PA
and sleep recommendations was related to higher self-efficacy; for regulating anger and irritation emotions,
meeting RST and sleep was related to higher self-efficacy. We validated the positive relationship between
daily lifestyles and self-efficacy in regulating various emotions, providing insights for enhancing emotional
management competence of children and adolescents.

4.5 Implications and Limitations

Our study has several important implications. As one of the few investigations examining the determi-
nants of emotion regulation indicators in children and adolescents, this research provides empirical evidence
supporting a positive association between meeting 24-HMG and enhanced emotion regulation outcomes,
suggesting that all health-related behaviors (PA, sedentariness, sleep) throughout the day matter for emotion
regulation. From a practical standpoint, these results offer valuable insights for enhancing children’s and
adolescents’ emotion regulation from the perspective of daily behavior management. Effective measures
should be taken to ensure adequate PA, sufficient sleep, and reduced RST each day. Specifically, health
education programs for teachers and parents can be developed to emphasize the importance of meeting
24-HMG and offer practical tips for helping children and adolescents balance study, PA, sedentary activities,
and sleep throughout the day. Additionally, psychosocial strategies such as goal-setting, self-regulation
techniques, and peer or familial support can be designed and delivered to target groups. Furthermore,
collaborative communications between school and family members should be strengthened to ensure
activities of students can be monitored and guided both in and out-school.

However, some limitations should be considered when interpreting the findings. First, due to the cross-
sectional nature of the research, causal relationships between variables cannot be established. Subsequent
research should employ longitudinal designs or randomized controlled trials to establish directionality and
causality. Second, all measures relied on self-reported questionnaires, introducing the possibility of respon-
dent biases and social desirability. Future studies are encouraged to use more objective and comprehensive
measures. Third, the reliance on a single Chinese sample may limit the generalizability of the findings.
Future studies should incorporate populations from diverse cultural contexts to assess the cross-cultural
applicability of the findings.
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5 Conclusions

Meeting 24-HMG was associated with increased use of emotion regulation strategies, higher emotion
regulation flexibility, and enhanced regulatory emotional self-efficacy among children and adolescents. To
promote better emotion regulation in children and adolescents, efforts should be united to help them
adhere to at least one movement guideline (such as the RST guideline) and then progressively adopt all
movement guidelines.
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