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Kindergarten-based obesity
prevention trial based on
self-regulation strategy: study
protocol of the Wuhan
preschoolers’ healthy

start project
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Fengyan Chen’, Paiziyeti Tuerxun’, Yanfen Jiang’, Mengna Wei',
Jiameng Zhou' and Jianduan Zhang"**

'Department of Maternal and Child Health, School of Public Health, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, Hubei, China, ?Key Laboratory of Environment & Health,
Huazhong University of Science and Technology, Ministry of Education, Wuhan, Hubei, China

Background: Childhood obesity has surged in China, with preschool years being
a critical window for intervention. Despite this, evidence-based randomized
trials remain scarce, and traditional prevention strategies focusing on
knowledge dissemination show limited long-term efficacy. The Wuhan
Preschool Healthy Start (WPHS) project addresses this gap through a
kindergarten-based trial integrating self-regulation strategies with energy
balance-related behavior (EBRB) interventions.

Methods: This stratified randomized controlled trial enrolls children from 26
Wuhan kindergartens (13 intervention, 13 control) over 18 months. The
multicomponent intervention targets diet, physical activity, sleep, sedentary
behavior, and self-regulation, engaging children, families, and kindergarten
environments. Control groups follow standard curricula. Primary outcome is
the change in BMI z-score. Secondary outcomes assess behavioral factors
(diet, sleep, activity), self-regulation skills, and other anthropometric indicators.
Analyses adhere to intention-to-treat principles, using linear mixed models to
evaluate intervention effects across strata while exploring potential effect
modifiers including kindergarten level, child gender, and age.

Discussion: This intervention hypothesizes that the integrated components of
health knowledge, behavior, and self-regulation will not only support the
adoption of targeted health behaviors but also ensure their long-term
maintenance. This unique approach makes the WPHS project an innovative
and holistic initiative to prevent childhood obesity, providing valuable insights
into public health strategies for this critical population. We anticipate that
incorporating self-regulation training will improve the sustainability of behavior
changes, addressing a key gaps in current preschool obesity interventions.

Trial Registration Number: Chinese Clinical Trial Registry ChiCTR2200058452.
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1 Highlights

o Integrates self-regulation training to enhance the
sustainability of preschool obesity prevention efforts.

e A Multicomponent intervention fosters collaboration
between families and schools to promote healthy behaviors.

o This longitudinal RCT explores the role of self-regulation in

shaping early health behaviors and policies.

2 Introduction

Childhood obesity is a pervasive global public health challenge
(1, 2), with markedly rising prevalence in recent decades. In 2020,
an estimated 39 million children under the age of 5 and 150 million
children aged 5-19 were classified as overweight or obese (3). In
China, the issue has become increasingly pressing, with the
prevalence reaching 10.4% among those under six in 2020 (4), a
growth rate surpassing the global average (5, 6). Childhood
obesity has profound implications for both physical and
psychosocial well-being. It significantly contributes to the
growing burden of chronic non-communicable diseases, such as
diabetes (7), cardiovascular disease (8), and gastroenterological
problems (9, 10), as well as psychological issues, including
depression and anxiety (11, 12), poor self-esteem, and social
dysfunction (13). Moreover, childhood obesity often persists into
adulthood, resulting in severe long-term outcomes such as
various cancers (14, 15), premature death (16), and a substantial
economic burden (17).

Preschool age represents a critical window for shaping obesity
trajectory, with over 80% of children who are obese by the age of
four likely to remain overweight or obese throughout adolescence
(18). During this period, family (19) and kindergarten (20)
environments significantly influence children’s energy balance-
related behaviors (EBRBs), such as physical activity, sedentary
behavior, dietary habits (21), and sleep (22), which tend to
become firmly established (23), laying the foundation for energy
imbalance and the early onset of obesity (24). Consequently,
EBERs are commonly targeted in preschool obesity prevention
programs (25-28). In China, preschoolers typically spend the
majority of their weekdays in kindergarten, from 8:30 am to 4:30
pm (29, 30), making these settings essential platforms for early
prevention. Compared to single-component approaches, current
school-based randomized controlled trials (RCTs) increasingly
adopt multi-component interventions that address physical
activity, diet, and health knowledge (7, 31). However, findings
remain mixed and often lack long-term sustainability (32, 33).

Abbreviations

EBRBSs, energy balance-related behaviors; WPHS, Wuhan Preschoolers’
Healthy Start project; SCT, Social Cognitive Theory; SET, Social Ecological
Theory; COM-B, Capability, Opportunity, Motivation—Behavior; FFQ, food
frequency questionnaire; CSHQ, children’s sleep habits questionnaire; WHO,
World Health Organization; CHEXI, childhood executive functioning
inventory; CEBQ, children’s eating behaviour questionnaire; CBQ, children’s
behavior questionnaire; PASS, power analysis and sample size; LOCF, last
observation carried forward.
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More importantly, despite short-term gains in children’s health
knowledge and EBRBs, these improvements often fail to translate
into lasting behavior changes beyond the intervention context
(34). This
unsatisfactory long-term outcome reflects a high risk of relapse

disconnect between immediate success and
and weight regain (35, 36). This discrepancy highlights the
importance of sustained motivation, which is significantly related
to the level of self-regulation required over time (37). Self-
regulation encompasses the control of attention, thoughts,
(38),

presenting a significant hurdle for individuals with obesity,

behaviors, interpersonal interactions, and emotions
particularly amidst daily temptations. Individuals with weak self-
regulation struggle with weight loss both in the short and long
term and are more likely to drop out of obesity treatment (39, 40).

Neuroimaging studies have revealed a strong association
between binge eating and the brain’s frontoparietal and self-
regulation networks, which govern cognitive and inhibitory
controls (41, 42). Clinical trials in obesity treatment have also
that

effectively aid weight loss (43, 44). However, evidence regarding

shown incorporating  self-regulation components can
the effectiveness of self-regulation strategies in obesity prevention
remains inconsistent. For example, a study by Robert et al.
targeting healthy eating and self-regulation among toddlers aged
18-36 months reported medium to large effects on critical
obesity-related factors (45). In contrast, a larger trial involving
697 children around the age of 4 that applied self-regulation
strategies in a comprehensive intervention found no significant
effect on obesity prevalence or related behaviors (46). These
inconsistencies may stem from several methodological
limitations, including small sample sizes, the absence of control
groups, and brief follow-up periods, among others. Additionally,
the effectiveness of an intervention may depend on how it
incorporates general and food-related self-regulation components.
General self-regulation typically includes emotional regulation,
behavioral control, and executive cognitive processes (47, 48),
while food-related self-regulation pertains to aspects of appetite
control, energy intake, or the regulation of eating behaviors (49).
As suggested by Lumeng et al, interventions relying solely on
general self-regulation may not adequately target mechanisms
directly involved in childhood obesity, which could partially
explain previous insignificant findings. The authors advocate for
future studies to emphasize self-regulation strategies specifically
tailored to food-related context (46). To date, no large-scale
cluster-RCT in China has integrated both general and food-
specific self-regulation training within a preschool obesity
prevention framework, underscoring the innovative nature of our
trial. A prevention that incorporates these two dimensions of
self-regulation is expected to yield more promising outcomes.
Prior childhood obesity prevention targeting self-regulation has
largely focused on isolated behaviors like diet or physical activity
(50), often overlooking interconnected factors such as sleep,
sedentary time, and screen use. These programs also tended to
operate in single settings (e.g., home or school) (45, 51), limiting
WPHS

intervention adopts a more integrated approach, addressing

environmental reinforcement and consistency. The

multiple behaviors simultaneously - diet, exercise, sleep, sedentary
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habits, and screen time, while fostering home-school collaboration
through caregiver education, teacher-led activities, and shared
challenges. This dual-context strategy promotes consistent support
across key environments, enhancing self-regulation and the
potential for sustained behavior changes.

Current preschool obesity prevention efforts also face multiple
broader content and design limitations.Most lack structured
integration of parenting practices and underemphasize parental
involvement (52, 53), missing opportunities to support family
routines. Multilevel interventions often vary in delivery across
settings due to resource constraints and cultural factors, reducing
consistency and generalizability (54, 55). In addition, many
interventions are short-term and lack sufficient follow-up
periods, limiting insights into long-term outcomes (56, 57).

This study builds upon the WPHS, a kindergarten-based
obesity prevention program. It aims to evaluate the effectiveness
of a multi-component intervention designed to prevent
childhood obesity in kindergarten settings while actively engaging
families. The focus is on activities designed to enhance children’s
EBRBs and foster both general and food-related self-regulation,
while also engaging kindergartens and families to create a
supportive environment for healthy behaviors. Accordingly, the
WPHS intervention targets childhood obesity through three
key strategies.

First, it introduces a structured health education curriculum to
convey appropriate and evidence-based messages tailored for
preschoolers. This component actively involves kindergarten
teachers, who are instrumental in delivering the curriculum and
instilling healthy habits and lifestyles in children. Additionally,
we will integrate a general and food-related self-regulation
component into the curriculum, featuring specific activities and
tasks This approach
reinforces learned behaviors and supports the development of

to enhance children’s self-regulation.
skills for maintaining healthy practices.

Secondly, we initiate environment-changing activities in
kindergartens to foster a setting that supports healthy behaviors.
This involves modifications to the physical environment (e.g.,
offering healthier meal options and revising activity schedules) to
promote an atmosphere conducive to positive health outcomes
within the kindergarten.

Thirdly, the intervention adopts a family-focused approach by
providing parents with customized messages and tasks for the
home, aligned with the lessons their children learn in

kindergarten. The goal is to foster a supportive home
environment that reinforces the healthy habits introduced
through the kindergarten intervention.

Through this holistic strategy—integrating health education
curricula, modifications in the kindergarten environment, and
proactive involvement of families—our goal is to maximize the
impact of our intervention in combating childhood obesity.

The WPHS intervention spans three semesters: a full school
year (two semesters) dedicated to intensive intervention (the first
and second semester of the middle year), followed maintenance
phase. To assess both immediate and long-term impacts on
participants’ EBRBs and adiposity, data will be collected at three
critical ~ junctures: baseline (TI,

pre-intervention),  post-
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intervention (T2, after the intensive phase), and follow-up
(T3, post-program).

2.1 Theoretical model/ the theoretical basis

Our intervention is theoretically grounded in Social
Cognitive Theory (SCT), Social Ecological Theory (SET), and
the Capability, Opportunity, Motivation—Behavior (COM-B)
model, each providing a complementary perspective for
comprehensively addressing childhood obesity. SCT posits the
reciprocal interaction among personal factors, behaviors, and
the environment, highlighting the pivotal role of observational
learning—children adopt new behaviors by observing role
models such as parents and teachers. SET broadens this
perspective by situating behavior within a broader ecological
that the shaped by
interconnected systems across multiple levels, including the

context, recognizing actions are
family, school, and community. It highlights that sustainable
change requires engagement across the environmental layers.
The COM-B model adds a practical lens for designing
interventions by identifying three essential conditions for
behavior changes: and

Capability (both psychological

physical), Opportunity (environmental and social), and
Motivation (reflective and automatic). Change occurs when
these conditions are adequately addressed.

Drawing on these frameworks, our intervention strategically
targets multiple levels of influence: the individual child, their
school and home environment, and the agents within those
settings—teachers and parents. In the school setting, teachers
serve as both educators and behavior models, shaping children’s
choices through structured learning and everyday interaction. At
and establish a

supportive environment, promoting consistency across contexts

home, parents reinforce these behaviors

and strengthening the intervention’s impact.

2.2 Research hypothesis

We hypothesize that our comprehensive intervention,
targeting individuals, families, and kindergartens, will catalyze
positive changes in preschool children’s lifestyles, leading to
enhanced health knowledge, improved behaviors, and healthier
weight trajectories. This outcome is expected to be achieved
through the implementation of a structured health curriculum
for children, covering critical areas such as diet, physical
activity, sleep, and self-regulation. Home assignments
corresponding to the curriculum are designed to reinforce
learning outcomes and are expected to amplify the impact of
the intervention. Furthermore, the overarching goal will be
realized through a multifaceted approach aiming to create and
fortify supportive environments both in kindergartens and at
home. Key components include training teachers, providing
caregivers with health-related tips, organizing themed week

activities, and related initiatives.
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3 Methods
3.1 Study setting

The research will take place in Jianghan and Hanyang Districts,
Wouhan, the capital city of Hubei province in central China (58, 59).
Wuhan, a major transportation hub with a population of ~10
million, is one of China’s largest cities. The selected districts,
Jianghan and Hanyang, are two of seven central urban areas of
Wuhan, with a combined population of ~1.55 million. As of
2022, these districts house 248 kindergartens, including 67 public
and 181 private institutions. As a large, representative city with a
substantial population, Wuhan’s childhood obesity challenges
may reflect similar issues in other parts of China. Implementing
interventions in cities like Wuhan can provide valuable data and
insights to inform policy decisions across the country.

3.2 Sample size determination

The unit is randomization is the kindergarten. We calculated
the sample size in Power Analysis and Sample Size (PASS) using
a test for two means in a cluster-randomized design. Assuming
each kindergartens contribute approximately 45 children, we
determined that 11 kindergartens per arm (intervention and
control) would provide 90% power (1-8) to detect an underlying
difference of 0.28 (60) in the mean outcome (a medium
effect This
calculation assumes an intra-class correlation coefficient (ICC) of
0.01 (61) at the two-sided significance level () of 5%. Assuming

standardized size) following the intervention.

up to 20% attrition, we increased the sample to 26 kindergartens
(13 intervention) (45
anticipated sample of 585 preschoolers receiving intervention.

children/kindergarten), vyielding an

3.3 Recruitment of kindergartens and
participants

This research is conducted in cooperation with the Maternal
and Child Health (MCH) Hospital of Jianghan and Hanyang
Districts in Wuhan. A sensitization meeting was convened at the
MCH Hospital to engage headmasters and doctors from selected
kindergartens, where we delivered a comprehensive overview of
the project objectives and discussed the planned intervention. It
was critical to ensure that headmasters were thoroughly briefed
on the study’s purpose, and the study design was carefully
crafted to align with school schedules and operations, thereby
ensuring the feasibility of intervention implementation.

A total of 26 kindergartens (clusters) were selected from
Jianghan and Hanyang Districts based on predefined eligibility
of the
participate, the availability of at least two junior classes, low

criteria, including the willingness headmasters to
student turnover rates, and no prior participation in similar studies.
Given the structure of the Chinese kindergarten system (which

is organized into three grades: junior, middle, and senior), our
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intervention will enroll children in the middle grade. Within
each participating kindergarten, one middle-grade class will be
randomly selected, with informed consent obtained from the
children’s guardians before recruiting them into the project.
Child participants must meet the following criteria: enrolled in
the middle grade (ages 3-6 years) of participating kindergartens,
provide guardian consent, reside in the study district for the full
24-month period, and have no major metabolic/cardiovascular
conditions. Exclusion criteria include chronic illnesses requiring
in other obesity
programs, or inability to complete follow-up assessments. The

specialized care, concurrent participation
intervention is designed to span 18 months, commencing during
the children’s second year of kindergarten, and will be seamlessly
in the
Following the intervention phase, there will be an additional six-

integrated into daily routines intervention group.

month observational follow-up period.

3.4 Randomization and blindness

To ensure comparable representation across geographical
locations, socio-economic backgrounds, and kindergarten types,
cluster randomization was conducted using stratification by
kindergarten level with a 1:1 allocation ratio. This approach
assigns the 26 kindergartens (clusters) to either the intervention
group (n=13) or the control group (n=13). Due to the nature
of the intervention, blinding of participants and implementers is
not feasible. However, to minimize potential bias, outcome
assessors remain blinded to group assignments until the
conclusion of data collection and initial analyses.

4 |Intervention

The WPHS intervention program is grounded in SET, SCT,
and the COM-B model,
relationship among personal characteristics, behavioral factors,

recognizing the interdependent
and environmental influences (62). The intervention is designed
to target individual children, families, and kindergartens to foster
the adoption of healthy lifestyle habits and enhance children’s
capacities for self-regulation, aiming for sustained behavior
changes and long-term effects. Table 1 outlines an overview of
the intervention components and corresponding activities
tailored to each target group.

The WPHS intervention adopts a multifaceted approach to
promote a balanced diet, regular physical activity, and both
general and food-related self-regulation skills. A structured health
education curriculum offers guidance on adopting healthy
behaviors and lifestyles, complemented by behavioral challenges
to encourage the long-term maintenance of these positive habits.
Activities designed to bolster self-regulation empower children to
healthy The

emphasizes school and family engagement, incorporating teacher

make conscious, choices. intervention also
training sessions, dissemination of health tips to caregivers, and
the organization of thematic weeks. Such collective involvement

seeks to amplify the intervention’s reach, emphasizing the crucial
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TABLE 1 Main components of intervention measures.

Intervention Intervention

Accumulation of health knowledge

10.3389/fped.2025.1611282

EBRBs practice Self-regulation

dimensions objectives

improvement
Health-related self-
regulation activities

Family tasks: cooperate with health
course to complete EBRBs tasks at
home

Family dietary, physical activity, and
sleep guidance: researchers will instruct
families on eating, physical activity, and
sleep at home

Individual Children Child health courses:establish health awareness and
accumulate relevant knowledge in diet, physical activity,
screen time, sleep and self-regulation

Family Caregivers Health knowledge tips: develop healthy parenting
concepts, gain health knowledge and skills in diet,
physical activity, media use, sleep, and self-regulation

Kindergarten Teachers, health care | Teacher training: master children’s health promotion

environment staff knowledge, be familiar with health courses and other

teaching contents, and encourage children’s healthy

behaviors

Guidance for health care staff: instruct food pairing in

the kindergarten

role of family support in creating a home environment that
nurtures and sustains the healthy behaviors initiated at school.
Development of the WPHS-intervention scheme underwent a
rigorous three-stage process. Initially, we conducted a systematic
literature review to identify core components of successful
intervention. This was followed by a comprehensive cross-
sectional survey conducted in 2020, involving over 4,000
preschoolers from Jianghan District, Wuhan, to gather insights
into the children’s lifestyle, home environment, parental feeding
patterns, and self-regulation capabilities. Findings from this stage
informed the tailoring of the intervention to the specific needs of
our target demographic. The final stage consisted of a six-month
pilot study in four kindergartens to assess the feasibility of the
proposed intervention scheme in a real-world setting. Feedback
from participating kindergartens and parents was instrumental in
refining the study design and intervention elements. Through
this iterative process, which incorporated empirical evidence,
local insights, and direct feedback, the intervention was
meticulously designed to ensure its applicability and impact
within the local context. Figure 1 presents a participant timeline.

4.1 Intervention logic

Figure 2 illustrates the logic model underpinning our
implementing this multifaceted
in EBRBs
anthropometric indicators, aiming for stabilization or reduction

intervention strategy. By

intervention, we anticipate improvement and

in BMI z-scores relative to the control.

4.2 Individual components

4.2.1 Child health curriculum in kindergarten

The health curriculum comprises 32 sessions, each lasting 15
minutes, strategically designed to enhance children’s
understanding and practices of healthy diet, physical activity,
sleep, screen time, and self-regulation. This curriculum was
developed through a rigorous multi-step approach. Initially, the

research team delineated course topics based on literature review

Frontiers in Pediatrics

and a baseline survey, covering diet, sleep, media use, and
physical activity.

A preliminary set of lesson plans and supporting PowerPoint
slides (Version 1), was then crafted. Next,we held collaborative
evaluations with principals, healthcare professionals, and teaching
staff from two pilot kindergartens to assess feasibility and
content. This process, with feedback from educational experts,
led to successive refinement (Version 2 and 3). All course
materials were then rigorously tested in the four pilot
kindergartens and adjusted as needed to culminate in the final
version (V4). The curriculum development emphasized evidence-
based content that is comprehensive, feasible, and locally
relevant. The courses will be delivered over three semesters, the
first two for core health education content (weekly sections,
intensive phase), and the final semester for reinforcement and
consolidation (bi-weekly sections). Intervention class teachers will
be equipped with the finalized lesson plans and trained to ensure

effective delivery.

4.2.2 Enhancement of self-regulation skills
This
preschoolers’ general and food-related self-regulation abilities.

intervention incorporates activities to enhance
Research suggests the primary facets of self-regulation in this age
group are inhibitory control, working memory, and emotion
regulation (47, 63).

Inhibitory control is the ability to halt an ongoing action when
it is considered erroneous (64). The “Happy Goat Says” activity is
designed to improve children’s inhibitory control in the context of
food selection (65). In this game, children are introduced to three
types of items: healthy food, unhealthy food, and toys. A teacher
prompts specific actions with the phrase “Happy Goat says.” The
children are instructed to perform the actions only when the
phrase is given, practicing restraint and remaining still otherwise.

Working memory is the ability to retain and manipulate
information over short periods (66). We employ an “n-back”
game with pictorial stimuli (fruits or vegetables) (65). Children
must determine whether the current picture matches the one
shown one or two steps earlier. The difficulty adjusts based on
performance, gradually increasing to challenge each child’s
working memory capacity.

frontiersin.org
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STUDY PERIOD

Enrolment | Allocation Post-allocation Close-out

TIMEPOINT** T: T:

T: T2 T3 T

ENROLMENT:

Eligibility screen

Informed consent

Allocation X

INTERVENTIONS:

Intervention

Control

ASSESSMENTS:

Anthropometric X
measurement

Physical activity
and sleep X
measurement

Questionnaire

T: the second semester of the junior year;
T>: the second semester of the middle year;
Ts: the second semester of the senior year.

FIGURE 1
Participant timeline

Emotion regulation refers to managing one’s initial emotional
reaction (67). To enhance these skills, the intervention incorporates
an emotion management segment to the health curriculum.
Teachers guide children in identifying various emotions by drawing
facial expressions on toy eggs and teach simple relaxation
techniques to help children cope with strong emotions.

These activities, grounded in developmental science and pilot-
tested in three classes, were refined based on the initial outcomes and
teacher feedback to ensure they are engaging and suitable for
preschoolers. The self-regulation activities are integrated into the
intervention schedule over three semesters, with the first two
dedicated to weekly intensive activities, and in the final semester, they
are reinforced bi-weekly. Each session lasts 10-15 minutes. Teachers
received training and detailed instructions to maintain fidelity to the
activity protocol while allowing minor adaptations to fit
classroom context.

4.2.3 Promoting health-related behavior at home

The WPHS intervention extends beyond the classroom via
family-centric healthy behavioral challenges, actively engaging
parents in fostering a health-promoting home environment.
Participating families are tasked with four distinct health
challenges: (1) consuming five different fruits and vegetables daily,

Frontiers in Pediatrics 06

(2) choosing healthy snacks (e.g., milk or fruit) over high-energy-
density alternatives, (3) engaging in >2 hours of outdoor physical
activity daily, and (4) achieving 10 hours of sleep per night.

Progress is monitored through record cards that families
update to track their adherence to these challenges. Trained
teachers will regularly review these cards and provide feedback to
both children and parents to encourage continued participation.
Achievements are celebrated in the classroom with a “Reward
Board” displaying badges for each child’s accomplishments.
Students who accumulate the most badges by the end of each
term receive a special reward, further incentivizing healthy habits.

These family tasks are designed to maximize parental
involvement and reinforce the health behaviors introduced in
kindergarten. The challenges may be adjusted each term based
on participation rates and feedback, allowing the intervention to
remain responsive and effective.

4.3 Family-level intervention
Parents and caregivers play a crucial role in shaping healthy

diet and physical activity habits in children. The WPHS-
intervention actively engages families to ensure the home
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FIGURE 2
Logical model of intervention strategy

environment supports healthy eating and physical activity. Family
involvement includes:

4.3.1 Health education workshops

We will host two interactive workshops for parents (and
and lifestyle
sessions will

grandparents) focusing on healthy parenting
strategies to prevent childhood obesity. These
provide practical guidance on nutrition, media use, physical
activity, sleep, and strategies to foster self-regulation in children.
Moreover, we have prepared a set of 37 concise health tips
(delivered via handout or messaging) to reinforce essential
to EBRBs
caregivers are well-informed and empowered to support healthy

concepts related and self-regulation, ensuring

behaviors at home.

4.3.2 Customizing home environment guidance
We will provide personalized feedback to each family about
their child’s diet, activity, and sleep patterns, along with tailored
In addition,
baseline information will be collected via the Food Frequency
Questionnaire (FFQ) (68),
questionnaire, and the Children’s Sleep Habits Questionnaire

recommendations to meet national guidelines.
a self-developed physical activity

(CSHQ). Each family will receive a summary comparing their
child’s habits to the Chinese Dietary Guidelines and World
Health Organization (WHO)
children. Based on this, parents will be advised on specific

recommendations for young

adjustments (e.g, reducing sugary snacks, increasing physical

activity, establishing consistent bedtimes) to optimize their home
environment in support of their child’s health.

Frontiers in Pediatrics

4.4 Enhancing the kindergarten
environment

This component aims to improve the health knowledge of
kindergarten staff, optimize the nutritional quality of school
meals, and foster a health-centric atmosphere within the
kindergarten. Key elements include:

4.4.1 Teacher professional development

Two training sessions for teachers will increase their health
literacy in the classroom and enable them to promote child
health. These sessions cover topics such as nutrition, physical
activity, and strategies to encourage self-regulation in the
classroom. Experienced teachers from the pilot kindergartens,
who helped develop the curriculum, will deliver demonstration
lessons to their peers within the intervention groups. This peer-
led model ensures standardized understanding of the curriculum
content and teaching methodologies across educators.

4.4.2 Themed weeks

Each kindergarten will implement periodic themed weeks
aligned with the curriculum (e.g., “Active Play Week” or
“Healthy Eating Week”). During these weeks, special activities
will encourage physical activity, nutritious eating, and reduced
screen time. Colorful posters aligned with the week’s theme will
be displayed on school bulletin boards to reinforce the health
messages and generate enthusiasm among children and staff.
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TABLE 2 Overview of measurement indicators, instruments, and time point of assessment.

Data collection Indicators Assessment instruments Time points of
- assessment

Measurement in « Height and weight o Kangwa WS-RT-2U « TI1,T2,T3
kindergartens o Waist and hip circumference o Measuring tape « T1,T2,T3

o Body fat percentage o Multifrequency bioelectric impedance body composition analyzer Inbody 230 | « T1,T2,T3

« Skinfold thickness* o Harpenden Skinfold calipers o TI1,T2,T3

o Self-regulation level o Self-regulation related tests o TI,T2,T3
Actigraph GT3X+ « Physical activity and sleep® o Actigraph GT3X+ « TI, T3
Questionnaire « Basic information « T1

« Dietary behavior « CEBQ (46), FFQ (48) « T1,T2,T3

o Sleep quality in children « CSHQ (50) « T1,T2,T3

o General self-regulation level « CBQ (51) « T1,T2,T3

o Food-related self-regulation level « CEBQ (46) « T1,T2,T3

« Psychological behavior of children | « CBQ (51) « T1,T2,T3

T1, the second semester of the junior year; T2, the second semester of the middle year; T3, the second semester of the senior year; CEBQ, Children’s Eating Behavior Questionnaire; FFQ, food
frequency questionnaire; CSHQ, Children’s Sleep Habit Questionnaire; CBQ, Children’s Behavior Questionnaire.

“These indicators will be measured for some children but not all.

4.4.3 Nutritional optimization of school meals

The intervention will include a review of the menus provided in
the kindergartens. Researchers will analyze the nutrients in school
meals and provide recommendations to improve their nutritional
balance. The intervention aims to align meals with the Dietary
Guidelines for Chinese Preschool-aged Children (2022) issued by
the Chinese Nutrition Society (69).

4.5 Intervention outcomes

Evaluation of the WPHS
comprehensive set of primary and secondary outcomes. The

intervention will focus on a

primary outcome is BMI z-score. Secondary outcomes include:
(1) dietary behaviors (e.g., weekly intake of high-energy-density
foods and sugar-sweetened beverages, and daily servings of fruits
and vegetables), (2) sleep-related outcomes (e.g., average nightly
sleep duration and sleep quality), (3) physical activity levels (e.g.,
time in moderate-to-vigorous physical activity and sedentary
time), and (4) general and food-related self-regulation indicators
(e.g., performance on the day-night task, less-is-more task, Corsi
block-tapping task, digit span task, and scores on the Childhood
and Children’s
other anthropometric

Executive Functioning Inventory (CHEXI),

(CBQ) (5

indicators, including waist circumference, hip circumference, and

Behaviour Questionnaire

body fat percentage (70).

5 Data collection

Table 2 provides an assessment of metrics, methodologies, and
data collection schedules used in the study. Trained research
personnel will follow standardized protocols and utilize validated
tools to ensure data accuracy and consistency across all time
points. Assessments were conducted at three key intervals: T1
(baseline) in the second semester of the junior year; T2 (post-
intervention) in the second semester of the mid-year; and T3
(follow-up) in the second semester of the senior year.
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5.1 Anthropometric measurement

Weight and height will be measured using calibrated scales and
stadiometers [e.g., Kangwa (WS-RT-2U), accurate to 0.01 kg for
weight and 0.1 cm for height]. To ensure reliability, each
measurement will be taken twice. If discrepancies greater than
0.5 cm in height or 0.1 kg in weight are observed, a third
measurement will be taken until the differences between any two
consecutive readings fall below these thresholds. The average of
the valid measurements will be used for subsequent analysis.
Body composition will be estimated through Bioelectrical
Impedance Analysis (InBody 230 device), which provides
resistance readings used to calculate body fat percentage, fat-free
mass, and fat mass.

Table 3 outlines the four tests of self-regulation used in the
their
comprehensive training to ensure standardized procedures across

study, and scoring. All fieldworkers will undergo

data collection.

5.2 Physical activity and sleep measurement

A subset of participants will be randomly selected to wear the
Actigraph GT3X + accelerometer on the non-dominant wrist for
seven consecutive days to objectively measure physical activity
and sleep patterns. If any child fails to wear the device for 7
days, or if device issues arise, an additional week of monitoring
will be scheduled for that child. The accelerometer data will be
used to derive measures such as average daily activity counts,
time spent in moderate-to-vigorous activity, sedentary time, and
sleep duration (using validated cut-points and algorithms).

5.3 Questionnaires

A structured questionnaire will capture demographic details
and assess behaviors not captured by devices. This includes
dietary intake [via the FFQ (71), CEBQ (72), sleep habits via the
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TABLE 3 The name and description of self-regulation-related tests.

Self- Description

regulation
Inhibitory control | e

Stroop test-Day and night Instruct children to respond in the opposite manner when answering questions, and present a series of cards with the
(52) sun or moon. In the presentation of a sun card, instruct children to respond with “night”, and when a card with stars

and the moon is displayed, prompt children to answer “day”.

o Less is more (53) For food-related tasks, researchers will display various food toys and ask children to choose their preferred item for
the experiment. The child will be prompted to indicate a bowl of food toys (containing 2 or 5 items), and the
researcher will collect the chosen toys. Conversely, the child will receive the food toys they did not point to during the

selection process.

« Modified Stroop Task In each trial, children were presented with various numbers of cherries and watermelons at the same time, and they
were asked to indicate which set had more than the other, irrespective of fruit size. There were 64 trials per task
variant, of which 50% congruent trials (where the larger number was represented by larger-sized stimuli, e.g., two
cherries vs. five watermelons) and 50% incongruent trials (e.g., five cherries vs. two watermelons). The congruent

trials and incongruent trials were randomly intermixed.

Working memory |« Corsi Block tapping task (54) | The researchers tap the blocks in a specific order, and the children are instructed to tap them in the same order and in

reverse order. The difficulty of the test is progressively increased by sequentially adding more tapping blocks.

« Digit span test (55) This test involves a number table ranging from 2 digits to 13 digits. The researchers read a list of numbers, and the

children are required to recite them both in order and in reverse order.

Childhood Executive
Function Inventory

Executive function | » It consists of 24-items and comprises four scales: Inhibit, Shift, Working Memory, and Plan/Organize. Participants

rate items on a five-point scale (i.e., Definitely not true, Not true, Partially true, True, Definitely true), with higher

scores indicating lower executive function.

CSHQ (73), CHEXI (74), and the CBQ (75)]. These instruments

are established measures with appropriate validity for

our population.

6 Quality control

A rigorous process evaluation will be conducted throughout the
intervention to ensure it is delivered with high fidelity and reaches
the target population effectively. We focus on three key elements:
Recruitment/Reach, Dose Delivered (Completeness), and Fidelity.

For Recruitment/Reach, we will document recruitment and
participation rates by tracking the number and characteristics of
kindergartens and families that consent, alongside those who
withdraw or are lost to follow-up. This will help identify any
biases in reach and ensure the intervention is engaging the
intended demographic. For Dose Delivered (Completeness), we
will record the frequency and duration of all intervention
activities (e.g., number of curriculum sessions taught, number of
family challenge cards distributed and completed). We will also
track the extent to which each component is implemented (for
instance, tallying how many of the 32 curriculum sessions were
delivered in each class, and how many health tips and posters
were distributed as planned). Specifically, we will document the
distribution of intervention materials, including 4 family task
cards, 37 health tips, and 11 posters, to confirm they were
provided to parents/caregivers and displayed in kindergartens as
intended. For fidelity, we will verify that the intervention is
executed according to the protocol. This includes tracking that
children’s behavioral challenge records are maintained, that
follow the
engagement components occur on schedule. Trained evaluators

classroom  activities lesson plan, and family
will use checklists during random, unannounced visits to observe
a sample of intervention sessions and ensure adherence to

content and methods.
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The process evaluation employs brief questionnaires with
Likert-scale and open-ended items for teachers and parents to
provide feedback on each component. This approach is designed
to be time-efficient and not overly burdensome, while still
providing comprehensive and quantifiable data. Table 4 presents
a detailed overview of these process evaluation tools.

7 Statistical analysis plan

The statistical analyses will adhere to the intention-to-treat
principle. Participants’ characteristics will be described by study
arm. Continuous variables will be presented as mean (standard
deviation) or median (interquartile range), depending on
distribution, and compared between groups using Student’s t-
tests for normally distributed data or the Wilcoxon rank-sum test
for non-normal variables. Categorical variables will be reported
as frequency (%) and compared using the Chi-square test. To
address missing data, multiple imputation by chained equations
will be used to impute covariates.

The primary analysis will evaluate the impact of the
intervention on the primary outcome (e.g., changes in BMI z-
score) using a linear mixed-effects regression model. Because
BMI z-scores are measured repeatedly for each child at
multiple time points (T1-T3), the data have a hierarchical
structure, with repeated measures nested within children and
children nested within kindergartens. Linear mixed-effects
models are therefore employed to account for within-subject
correlations over time and clustering by kindergarten, by
both  children
kindergartens. For dichotomous outcomes, logistic mixed-
effects

incorporate a study group (intervention vs. control), and

including random intercepts for and

models will be employed. These models will

relevant covariates (kindergarten level, child age and sex, and
maternal sociodemographic characteristics). The models will
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TABLE 4 The process evaluation tools used in the WPHS-intervention.

Process evaluation
tools

Recruitment log

Process evaluation elements

Recruitment procedures

Information/data collection

Weekly monitoring of recruited kindergartens.

Tracking the number of kindergartens and children approached, those participated in
baseline, entered the WPHS-intervention, and in the follow-up evaluation.
Documenting characteristics of kindergartens/children dropping out.

Teacher’s Lesson Assessment
Questionnaire

Dose delivered (completeness)

Recording date, duration, quantity, and type of classroom sessions.

Fidelity

Noting any deviations or modifications made to original lesson plan.
Recording the start and end times of schedule activities.
Observing any unexpected changes or factors influencing adherence to the plan.

Dose received (exposure and satisfaction)

Teachers’ feedback on the comprehensibility, readability, relevance, credibility, attractiveness
of the teaching materials.

Teachers’ feedback on children’s behavior change with the WPHS project as implemented in
the classroom.

Midpoint feedback from teachers regarding suggestions for improving the WPHS program
and materials.

Teachers’ feedback on the barriers and facilitators for implementing each part of

the intervention.

Attendance log

Dose received (exposure)

Daily records of children’s attendance in the kindergarten.
Identification of days when the WPHS-intervention activities are conducted.
Recording any factors affecting attendance.

Teachers’ post-intervention
questionnaire

Dose received (exposure and satisfaction)

Teachers’ reflections on the barriers and facilitators during the implementation of the
WPHS project.

Feedback on the feasibility, attractiveness of the WPHS project.

Subjective feedback regarding observed behavioral changes in children’s.

Subjective feedback on parents’, teachers” and personnel’s satisfaction with the
WPHS project.

Teachers’ mid-intervention
questionnaire

Dose received (exposure and satisfaction)

Teachers’ reflections on the barriers and facilitators during the implementation of the
WPHS project.

Feedback on the feasibility, attractiveness of the WPHS project.

Subjective feedback regarding observed behavioral changes in children.

Subjective feedback on parents’, teachers” and personnel’s satisfaction with the
WPHS project.

Parent’s post-intervention
questionnaire

Dose received (exposure and satisfaction)

Parents’ confirmation of receiving and/or reading each part of the material (tips, posters,
family task cards).

Parents’ satisfaction with the WPHS project.

Parents feedback regarding the implementation of activities included in the material (family
task cards) with their children at home.

Subjective feedback on observed behavioral changes in their child with the WPHS project.
Feedback was collected on the comprehensibility, readability, relevance, credibility, and
attractiveness of the material (tips, posters, family task cards).

Parent’s mid-intervention
questionnaire

Dose received (exposure and satisfaction)

Parents’ confirmation of receiving and/or reading each part of the material (tips, posters,
family task cards).

Parents’ satisfaction with the WPHS project.

Parents feedback regarding the implementation of activities included in the material (family
task cards) with their children at home.

Subjective feedback on observed behavioral changes in their child with the WPHS project.
Feedback on the comprehensibility, readability, relevance, credibility, and attractiveness of the
material (tips, posters, family task cards).

Audit questionnaire

Physical and social environment, and the
context of WHSP intervention

Information on school food and physical activity environment (i.e., infrastructure/facilities/
equipment, curriculum and personnel/health-related programmes in progress, which were
related to the healthy lifestyle behaviours).

Researchers’ evaluation form

Dose delivered (completeness)

We recorded the number and duration of training sessions

Fidelity

Venue of training.
Researchers who performed each training.
Records of the content of teacher training.

Dose received (exposure and satisfaction)

Numbers of teachers invited and attended.
Subjective assessment of teachers’ satisfaction with each training by the researchers who
implemented the training.

also account for the clustered design, and random intercepts for
kindergarten and children will be included. Furthermore, the
potential mediating role of self-regulation on the association
between the intervention and weight status will be explored.

Frontiers in Pediatrics

Stratified analysis will examine whether the intervention effect
varies across different subgroups. Potential effect modifiers include
kindergarten level, child gender, and child age.

All hypothesis tests will use a two-sided o= 0.05.
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8 Discussion

The Wuhan Healthy Start Project is a cluster-randomized
trial conducted in two central districts of Wuhan City,
the of the WPHS
intervention among children aged 3-6 years. The intervention

designed to evaluate effectiveness
adopts a multifaceted approach, targeting individual children,
their families, and kindergarten environments to foster healthy
behaviors. A pilot testing was conducted prior to the main
trial to refine intervention measures, ensuring their feasibility,
cultural relevance, and suitability for the large-scale trial. The
WPHS intervention advocates a spectrum of healthy habits,
including nutritious eating, regular physical activity, and
reduced sedentary behaviors, with a core emphasis on
enhancing self-regulation skills. This focus is anticipated to
support the sustained adoption of healthy behaviors beyond
the intervention period. Spanning eighteen months, the
program aims to foster durable behavioral changes and
facilitate healthy weight progression.

Unlike prior childhood obesity interventions (76, 77) that often
relied on extrinsic motivators (e.g., rewards for compliance) or
isolated skill-building without environmental reinforcement (32,
33), the WPHS integrates general self-regulation strategies (e.g.,
goal-setting, impulse control) with context-specific applications
(e.g, mindful eating, screen time budgeting). This approach
fosters intrinsic motivation and adaptive capacity—critical for
long-term habit formation. Crucially, the intervention targets
multiple interrelated behaviors, diet, activity, sleep, and sedentary
time, acknowledging their interconnected nature and enabling
children to apply self-regulation across diverse daily situations
(50, 51). The dual-context delivery model, involving both home
these  skills
complementary settings, addressing the “contextual fragility” seen
We hypothesize that

improvements in self-regulation will mediate the intervention’s

and school environments, reinforces in

in prior single-setting interventions.

long-term effects by promoting autonomy and resilience
against obesogenic triggers. This mechanism will be formally
examined in planned mediation analyses. This approach is
grounded in developmental theory, which posits that self-
regulation, when nurtured within supportive ecosystems,
becomes a transferable lifelong asset, overcoming limitations
of short-term, behavior-specific paradigms. One unique aspect
of this WPHS intervention is its integration of specialized
training to strengthen children’s self-regulation abilities,
recognizing that sustained behavior change depends on skills
that are transferable beyond the intervention setting. The large
sample size of this study enhances the statistical power and
external validity of its findings. Moreover, close collaboration
with the district MCH Hospital has facilitated effective
both

kindergartens and caregivers while helping to minimize

implementation,  enhancing  engagement from
participant attrition. Despite its strengths, the study faces
potential challenges, including participant withdrawal due to
school transfers or kindergarten closures. To mitigate this,
researchers will maintain detailed records of withdrawn

children and, where feasible, conduct follow-up assessments to
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capture outcome data. Another consideration is the variations
fidelity
classrooms, which may impact intervention effectiveness. To

in teaching styles and implementation across
address these effects, we have established a stringent protocol
for monitoring intervention delivery, and will continuously
evaluate the process indicators to minimize bias and ensure
consistency (see Quality Control Section). In conclusion, the
WPHS trial represents an innovative framework by integrating
a traditional multi-component obesity intervention with
targeted self-regulation skill development in early childhood.
The dual-focus approach is expected to yield more sustainable
behavior change and improved weight-related outcomes
compared to conventional models. If successful, the findings
from this trial could have significant implications for the
design of future childhood obesity prevention programs and
both within China and

preschool settings globally—by highlighting the critical role of

public health policies, similar

self-regulation as a foundational element in long-term

obesity prevention.
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