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Abstract Childhood overweight and obesity represent
major public health challenges in Thailand, particularly in
rural areas experiencing rapid nutritional transitions.
Schools provide an effective setting for the early
establishment of healthy behaviors; however, evidence
regarding theory-driven, multi-component interventions in
resource-limited settings remains limited. This study
evaluated a school-based nutrition promotion program
grounded in the PRECEDE-PROCEED Model and Social
Cognitive Theory, targeting overweight and obese primary
school children in rural northern Thailand. A
quasi-experimental pretest—posttest control group design
was conducted from January to June 2025 in two public
primary schools in Phayao Province. A total of 84 children
aged 6-12 years were assigned to either an intervention
group (n = 42) or a control group (n = 42). The 12-week
intervention comprised healthy school lunch menu
modification, interactive nutrition education, family and
community reinforcement, and structured physical activity.
Outcome measures—including weight-for-height Z-scores
(WHZ), daily energy intake, dietary behaviors, and
physical  activity—were  assessed at  baseline,
post-intervention, and three-month follow-up. ANCOVA
and GEE analyses revealed significant reductions in daily
energy intake (—128.3 vs. —28.6 kcal/day, p < 0.001) and
improvements in dietary behaviors (+18.3 vs. +1.5 points,
p < 0.001), which were sustained at follow-up. Physical
activity levels increased significantly (p < 0.001). GEE

models adjusted for age and sex indicated significantly
reduced odds, corresponding to a 56-64% reduction in
obesity risk in the intervention group (post-intervention:
OR =0.44; 95% ClI: 0.21-0.94; follow-up: OR =0.36; 95%
Cl: 0.16-0.82). This study demonstrates that a
theory-driven, multi-component school-based intervention
effectively improved dietary behaviors, physical activity,
and nutritional status, offering a scalable model to guide
obesity prevention policies in resource-limited settings.

Keywords Childhood  Obesity, School-Based
Intervention, Nutrition Promotion, Rural Health, Thailand,
Social Cognitive Theory, PRECEDE-PROCEED Model

1. Introduction

Childhood overweight and obesity have emerged as
major public health challenges of the 21st century, with
prevalence rising dramatically across nearly all regions
over the past four decades [1]. This rise is largely attributed
to a complex “nutrition transition,” whereby traditional,
plant-based diets are progressively replaced by
energy-dense, nutrient-poor processed foods and
sugar-sweetened beverages, alongside growing levels of
sedentary behaviors [2,3]. The resulting health
consequences are substantial and long-lasting: childhood
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obesity is a strong predictor of adult obesity and
significantly elevates the risk of non-communicable
diseases (NCDs), including type 2 diabetes, cardiovascular
disease, and certain cancers, while also imposing
psychosocial burdens, including stigma and low
self-esteem [4,5].

Thailand exemplifies this pressing global concern.
Formerly buffered by its rich culinary heritage, the nation
has experienced a rapid escalation in childhood obesity
rates. Recent national surveys reveal that more than 13% of
school-aged children are currently classified as overweight
or obese, with prevalence continuing to rise [6]. This
pattern is no longer confined to urban centers; it is
penetrating deeply into rural communities undergoing
rapid socioeconomic and environmental changes. In
northern Thailand, predominantly agricultural provinces
such as Phayao are now at the forefront of this public
health challenge, as obesogenic micro-environments have
emerged in which unhealthy food options are more
accessible, affordable, and aggressively marketed than
traditional, healthier alternatives [7,8].

Schools are strategic settings for health promotion, as
they provide wide access to children and a structured
environment that supports the development of lifelong
healthy habits [9]. Extensive evidence, primarily generated
from high-income countries, strongly supports the
effectiveness of multi-component school-based programs
that integrate nutrition education, physical activity, and
supportive environmental changes [10,11]. Furthermore,
interventions that are explicitly grounded in behavioral
science theories, such as Social Cognitive Theory, tend to
achieve more meaningful and sustainable outcomes [12].
Many previous programs in Thailand have been criticized
for their short duration, insufficient involvement of
families and communities, and lack of a formal theoretical
framework, thereby restricting their scalability and
long-term impact [13]. Recent systematic reviews and
meta-analyses indicate that theory-informed,
multi-component  school-based interventions achieve
modest but statistically significant improvements in BMI
z-scores and related behaviors compared with usual
practice or non-theory-based education [14,15]. Behavior
change theories specify mechanisms (e.g., self-efficacy,
self-regulation, and social support), while
program-planning models structure the diagnosis of
behavioral and environmental determinants and guide
implementation within school settings [14,15]. Programs
applying the PRECEDE-PROCEED Model have
demonstrated improved implementation fidelity and health
outcomes compared with non-theory-based approaches,
supporting the combination of PRECEDE-PROCEED
with Social Cognitive Theory as a framework for pediatric
school-based weight-management interventions [16].

To address this crucial gap, our study adopted a
systematic,  theory-informed methodology. The
PRECEDE-PROCEED Model (PPM) [17] served as the
overarching framework for program planning and guided
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the diagnosis of predisposing, enabling, and reinforcing
factors influencing health behaviors in the target
community. Within this framework, we embedded core
constructs from Social Cognitive Theory (SCT) [18], such
as self-efficacy, observational learning, and reciprocal
determinism, to design specific, evidence-based behavioral
change strategies for the children and their families.

Despite the growing global evidence supporting
school-based interventions for childhood obesity
prevention, most studies have been conducted in
high-income countries, with limited evidence on their
applicability in low- and middle-income contexts. In
particular, few  theory-based, multi-component
interventions have been systematically evaluated in rural
Southeast Asian settings, where nutritional transitions are
accelerating but evidence remains scarce. Addressing this
gap, the present study examines the effectiveness of a
theory-driven, multi-component school nutrition program
aimed at improving dietary behaviors, physical activity,
and nutritional status among rural Thai children.

2. Materials and Methods

2.1. Study Design and Setting

This study utilized a quasi-experimental design with a
pretest—posttest control group to evaluate the effectiveness
of a multi-component, school-based nutrition promotion
program. The study was conducted from January to June
2025 in two public primary schools in Pong District,
Phayao Province, northern Thailand, comprising a
12-week intervention (second academic term) and a
3-month post-intervention follow-up extending into the
school break.

2.2. Sampling Procedures and Participants

Two public primary schools were purposively selected
based on their similar enrollment sizes (150200 students),
socioeconomic profiles, and the absence of other nutrition
interventions, to minimize contamination and enhance
contextual validity. One school was then assigned to the
intervention group and the other to the control group based
on contextual comparability and logistical feasibility.
Eligible participants (i) were children aged 6-12 years
(Grades 1-6) whose nutritional status was classified as
overweight or obese, defined as having a weight-for-height
Z-score (WHZ) > +1.5 SD according to the Thai national
growth reference standards [19]; and (ii) possessed the
ability to fully participate in both the modified school
lunch and structured physical activity programs. All
participants were required to provide written informed
consent from a parent or legal guardian and to give their
own verbal assent. Exclusion criteria were: (i) presence of
a chronic medical condition requiring a specialized diet or
medication affecting growth; (ii) physical disabilities that
would preclude safe participation in activities; (iii) known
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severe food allergies; or (iv) anticipated school absence
exceeding 20% of the intervention period. As shown in
Figure 1, 52 children with overweight or obesity from the
intervention school and 50 from the control school were
assessed for eligibility. Two children from the intervention
school were excluded due to the absence of parental consent.

An a priori power analysis was performed using
G*Power 3.1 for an F test (ANCOVA, fixed effects). The
expected effect size was based on between-group
differences in mean daily energy intake reported in a
previous comparable school-based nutrition intervention
among Thai children [20]. Assuming a medium effect size
(f = 0.25), a two-sided alpha of 0.05, and 80% power, the
required sample size was 82 participants (41 per group). To
account for potential attrition, 50 children per group were
enrolled. Eight children per group did not provide complete
three-month follow-up assessments, resulting in a final
analytic sample of 42 per group for the complete-case
analyses (Figure 1).

Intervention school

Assessed for eligibility
(n=152)

Excluded
(parental consent
not obtained) (n = 2)

—

A 4

Enrolled (n = 50)
Received multicomponent
intervention

A4

Lost to follow-up
(did not provide complete
3-month follow-up assessment) (n = 8)

v

Included in the analysis
(n=42)

2.3. The Theory-Based Multi-Component School
Nutrition Intervention

The 12-week intervention was designed using the
PRECEDE-PROCEED Model [17] and Social Cognitive
Theory (SCT) [18]. Drawing on surveillance data, school
records, reviews of food and physical activity
environments, and consultations with key school and
health stakeholders, priority predisposing, enabling, and
reinforcing factors were identified to inform a theory-based
multi-component school nutrition intervention targeting
individual, interpersonal, and environmental determinants.
Weight-management objectives were aligned with national
pediatric  growth guidelines, emphasizing weight
maintenance or slower weight gain for overweight children
and modest reductions in weight-for-height Z-scores for
children with obesity. The intervention prioritized
sustainable, healthy eating and physical activity rather than
rapid weight loss.

Control school

A 4

Assessed for eligibility
(n=150)

A 4

Excluded (n = 0)

Enrolled (n = 50)
Received usual curriculum

\4

Lost to follow-up
(did not provide complete
3-month follow-up assessment) (n = 8)

A\ 4

Included in the analysis
(n=42)

Figure 1. Flow diagram of the study
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2.3.1. Environmental Modification: Healthy School Lunch
Program

To modify the immediate food environment, the school
lunch menu was redesigned through a participatory process
involving students, parents, and school staff. The revised
menu adhered to national Thai Dietary Guidelines [21],
prioritizing fruits, vegetables, and whole grains while
reducing fat, sugar, and sodium content. This approach is
consistent with established evidence demonstrating that
modifying the school food environment is a highly
effective "nudge" technique that makes healthy choices the
default and easiest option for children [22].

2.3.2. Cognitive and Behavioral Skill Development:
Interactive Nutrition Education

Students engaged in daily 20-30 minutes interactive
sessions designed to enhance behavioral capability and
self-efficacy. Consistent with contemporary pedagogical
approaches that emphasize active user engagement, the
curriculum incorporated gamification and hands-on
cooking demonstrations rather than passive lectures [23].
This active learning approach has been proven to be more
effective in translating nutritional knowledge into practical
food selection skills and building student confidence [24].

2.3.3. Enhancing Self-Regulation: Goal Setting and
Self-Monitoring

To promote personal agency, students were guided to set
individualized weekly goals for their diet and physical
activity. Simple self-monitoring tools, including food and

activity diaries, were introduced to facilitate self-regulation.

Evidence from recent meta-analyses of school-based
interventions  indicates that goal setting and
self-monitoring are among the most effective strategies for
improving children’s dietary behaviors, physical activity,
and weight outcomes [25].

2.3.4. Social Support and Reinforcement: Family, Peer, and
Community Engagement

The program actively mobilized the social environment
to support behavior change across multiple levels. Weekly
workshops equipped parents with practical strategies to
create a healthy home, a critical factor for reinforcing
school-based learning [26]. Within the school,
observational learning was promoted through peer role
models and group challenges to build collective efficacy
[27]. In addition, collaborations with school vendors were
established to increase the availability of healthy snacks,
extending supportive environmental cues beyond the
classroom.

2.3.5. Increasing Energy Expenditure: Structured Physical
Activity

An additional 60-120 minutes of structured
moderate-to-vigorous physical activity (MVPA) were
integrated into the weekly school schedule. Activities like

rhythmic aerobics and team games were selected based on
student preferences to maximize enjoyment. Systematic
reviews confirm that enjoyment is a key determinant of
sustained physical activity participation among children
and adolescents [28].

Children in the control group followed the standard
curriculum mandated by the Ministry of Education,
including routine health and physical education, without
receiving any of the enhanced, theory-driven components,
allowing for a rigorous comparison of intervention effects.

2.4. Measurements and Outcome Variables

Data were collected at three distinct time points:
baseline (TO, prior to intervention), immediately
post-intervention (T1, at 12 weeks), and at a three-month
follow-up (T2) to assess short-term sustainability.

Sociodemographic Characteristics: A
parent-administered questionnaire was used at baseline to
collect information on the child’s sex and age, as well as
family-level information, including household income,
household size, and the child's daily spending money.

Anthropometric Measures: Height and weight were
measured by trained public health personnel following
standardized WHO protocols [29], using a calibrated
stadiometer to the nearest 0.1 cm and a digital scale to the
nearest 0.1 kg. Weight-for-height Z-scores (WHZ) were
calculated according to the Thai national growth reference
standards for children aged 5-19 years [19], developed by
the Bureau of Nutrition, Department of Health, Ministry of
Public Health.

Daily Energy Intake: Dietary intake was assessed using
two independent, non-consecutive 24-hour dietary recalls
(one weekday, one weekend day), administered by trained
interviewers. This method has been validated for use
among Thai school-aged children [30]. The collected data
were used to calculate mean daily energy intake (kcal)
based on the Thai national food composition tables
developed by the Department of Health [21].

Dietary Behaviors: A 25-item questionnaire utilizing a
4-point Likert scale (total score range: 0-100) was
administered to measure key dietary practices, including
the frequency and portion sizes of major food groups such
as fruits, vegetables, whole grains, protein sources, and
sugar-sweetened beverages. Higher scores reflected
healthier behaviors. The instrument's content validity was
established by a panel of three nutrition experts
(Item-Objective Congruence [I0C] = 1.00), and its internal
consistency was established in a pilot test (Cronbach’s o =
0.83).

Physical Activity: Physical activity levels were
measured using a seven-day recall questionnaire adapted
from the widely validated Physical Activity Questionnaire
for Older Children (PAQ-C) [31], designed to capture the
frequency and intensity of moderate-to-vigorous physical
activity (MVPA) during the previous week. The instrument
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comprises nine items rated on a 5-point Likert scale, with
higher scores indicating greater physical activity levels.
Cultural and linguistic adaptations were undertaken to
ensure appropriateness for Thai primary school children.

2.5. Data Analysis

Data quality was ensured through standardized training
for research assistants, double data entry, and random
cross-checks of 10% of questionnaires. All statistical
analyses were performed using IBM SPSS Statistics,
version 29.0 (IBM Corp., Armonk, NY, USA).

Baseline characteristics were summarized using
descriptive statistics. Baseline equivalence between the
intervention and control groups was assessed using
independent t-tests for continuous variables and chi-square
tests for categorical variables. The primary outcome was
weight-for-height-based nutritional status at
post-intervention and three-month follow-up. Prespecified
secondary outcomes included mean daily energy intake,
healthy dietary behavior scores, and physical activity
scores. Nutritional status distributions at each time point
were summarized descriptively using chi-square tests,
whereas longitudinal inference was examined using GEE
models.

Continuous outcomes (daily energy intake, dietary
behavior scores, and physical activity scores) were
compared between groups at post-intervention and
three-month follow-up using analysis of covariance
(ANCOVA), adjusting for the corresponding baseline
value and, where appropriate, age and sex. Changes over
time were further evaluated using repeated-measures
ANCOVA with fixed effects for time (baseline,
post-intervention, follow-up), group, and a time-by-group
interaction. Binary nutritional status (overweight/obese vs.
normal) was analyzed longitudinally using GEE with a
binomial family, logit link, and an exchangeable working
correlation structure, including fixed effects for group,
time, and their interaction, and adjusting for baseline age
and sex. Exploratory subgroup analyses for the binary
outcome were conducted according to baseline weight
status (overweight vs. obese; extremely obese classified as
obese), but the study was not powered for definitive
subgroup inference. Assumptions for continuous outcomes
(residual normality and homoscedasticity) were assessed
using histograms and Shapiro-Wilk tests, with no major
violations detected. Statistical significance was defined as
a two-sided p-value < 0.05.

2.6. Ethical Considerations

The study protocol was reviewed and approved by the
Human Research Ethics Committee of the University of

Phayao (Approval No. HREC-UP-HSST 1.3/005/68). The
research was conducted in full accordance with the ethical
principles outlined in the Declaration of Helsinki. Prior to
enrollment, written informed consent was obtained from
the parents or legal guardians of all participants, and verbal
assent was secured from each child. Participant
confidentiality and data anonymity were strictly
maintained throughout all phases of the study.

3. Results

A total of 84 primary school children classified as
overweight or obese completed the study. The intervention
and control groups were followed from baseline through
the end of the 12-week intervention and the three-month
follow-up assessment. The results for dietary intake,
dietary behaviors, physical activity, and nutritional status
over time were summarized in the following sections.

3.1. Baseline Characteristics of Participants

Baseline characteristics of participants are presented in
Table 1. No significant differences were observed between
the intervention and control groups with respect to mean
age, age group distribution (6-9 years versus 10-12 years),
sex, family monthly income, family size, daily expense per
child, chronic conditions, nutritional status, or physical
activity levels (p > 0.05 for all). Physical activity,
categorized as low (< 2.33), moderate (2.33-3.66), or high
(> 3.66), also did not differ significantly between groups (p
=0.148).

3.2. Daily Energy Intake

Following the 12-week intervention, a significant
reduction in daily energy intake was observed in the
intervention group compared with the control group. The
Analysis of Covariance (ANCOVA), adjusted for baseline
values, revealed an adjusted mean difference of -128.3
kcal/day at post-intervention (p < 0.001) and -118.6
kcal/day at the three-month follow-up (p = 0.002), as
detailed in Table 2.

3.3. Nutritional Status over Time

Generalized Estimating Equations (GEE) models,
adjusted for baseline age and sex, demonstrated a
significant effect of the intervention on nutritional status
over time (Table 3). Children in the intervention group had
lower odds of being classified as overweight or obese
compared with controls, both post-intervention (OR = 0.44;
95% CI: 0.21-0.94; p = 0.038) and at three-month
follow-up (OR = 0.36; 95% CI: 0.16-0.82; p = 0.013).
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Table 1. Baseline demographic and anthropometric characteristics of participants (n = 84)

Characteristics Intervention (n = 42) Control (n =42) p-value
Age (years), mean + SD 94+1.5 9.6+14 0.472
Sex, n (%) 0.834
Male 20 (47.6) 21 (50.0)
Female 22(52.4) 21 (50.0)
Age group (years), n (%) 0.382
6-9 18 (42.9) 22(52.4)
10-12 24 (57.1) 20 (47.6)
Family monthly income (Baht), n (%) 0.428
<5,000 12 (28.6) 10 (23.8)
5,001-10,000 15(35.7) 14 (33.4)
10,001-15,000 10 (23.8) 13 (30.9)
>15,000 5(11.9) 5(11.9)
Family size (persons), n (%) 0.884
1-3 13 (31.0) 11 (26.2)
4-6 24 (57.1) 26 (61.9)
>6 5(11.9) 5(11.9)
Daily expense per child (Baht), n (%) 0.564
<20 9(21.4) 13 (31.0)
21-30 20 (47.6) 19 (45.2)
>30 13 (31.0) 10 (23.8)
Chronic health problem, n (%) 1.000
Yes 0(0.0) 1(2.4)
No 42 (100.0) 41 (97.6)
Nutritional status (Weight-for-height), n (%) 0.885
>+1.5 SD to +2 SD (Overweight) 12 (28.6) 14 (33.3)
>+2 SD to +3 SD (Obese) 23 (54.7) 21 (50.0)
>+3 SD (Extremely Obese) 7(16.7) 7(16.7)
Physical activity level, n (%) 0.148
Low (< 2.33) 11 (26.2) 13 (31.0)
Moderate (2.33-3.66) 18 (42.8) 17 (40.4)
High (> 3.66) 13 (31.0) 12 (28.6)

Note: Data are shown as n (%) or mean £SD. Between-group comparisons used independent t-tests for continuous variables and Pearson’s
chi-square (or Fisher’s exact when expected counts <5) for categorical variables (two-sided a=0.05). Nutritional status followed WHZ, Thai
national growth reference [19].
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Table 2. Changes in daily energy intake from baseline to post-intervention and 3-month follow-up, with greater reduction observed in the intervention

group
Time Point Intervention (kcal) Control (kcal) Adjusted Mean Difference (95% CI) p-value
Crude Mean + SD
Baseline 1,945 £ 214 1,951 + 221
Post-intervention 1,812 +£205 1,936 £218
3-month follow-up 1,825 £210 1,942 +£ 215
Adjusted Mean
Post-intervention 1,815 1,934 -128.3(-201.2, -55.4) <0.001*
3-month follow-up 1,827 1,941 -118.6 (-192.7, -44.5) 0.002*

Note: Data are presented as mean £SD. Adjusted means and adjusted mean differences (95% CI) were obtained from ANCOVA controlling for

baseline energy intake. * p<0.05.

Table 3. Effect of the intervention on nutritional status over time using generalized estimating equations, indicating significantly lower odds of being

overweight or obese in the intervention group

Time Point OR 95% CI p-value
Post-intervention 0.44 0.21-0.94 0.038*
3-month follow-up 0.36 0.16 - 0.82 0.013*

Note: GEE logistic regression with an exchangeable correlation structure was used, adjusted for baseline age and sex. OR < 1 indicates a reduced
odds of being overweight or obese in the intervention group compared to the control group. * p<0.05.

Table 4. Distribution of participants by nutritional status category at baseline, post-intervention, and 3-month follow-up

Time Point Group Normal, n (%) Overweight, n (%)  Obese, n (%) Extremely Obese, n (%) p-value

Post-intervention  Intervention 11 (26.2) 16 (38.0) 13 (31.0) 2 (4.8) 0.025*
Control 2(4.8) 15(35.7) 19 (45.2) 6(14.3)

3-month follow-up  Intervention 13 (31.0) 15 (35.6) 12 (28.6) 2(4.8) 0.020*
Control 3(7.1) 14 (33.3) 19 (45.3) 6(14.3)

Note: Data are presented as n (%). p-values were derived from the Chi-square test to compare the distribution of nutritional status categories

between the intervention and control groups at each time point.

3.4. Nutritional Status Categories

Weight-for-height Z-score (WHZ; Thai national growth
reference [19]) was summarized at baseline (Table 1) and
at post-intervention and three-month follow-up (Table 4).
The proportion classified as overweight or obese
(including extremely obese) was lower in the intervention
group than in controls at post-intervention (73.8% vs.
95.2%) and follow-up (69.0% vs. 92.9%). From baseline to
follow-up, mean WHZ declined more substantially in the
intervention group (2.51 £0.61 to 1.50 £1.24) than in the
control group (2.42 £0.62 to 2.30 £0.93). In subgroup
analyses stratified by baseline weight status (overweight
versus obesity), larger shifts toward normal nutritional
status were observed among children with obesity in the
intervention group. Between-group differences in
nutritional status distributions were significant at
post-intervention (p = 0.025) and follow-up (p = 0.020)
(Table 4).

3.5. Dietary Behaviors

Participants in the intervention group demonstrated a
significant improvement in their composite healthy dietary
behavior score compared to the control group.
Repeated-measures ANCOVA indicated a significant
time-by-group interaction (p < 0.001) (Table 5). The
time-by-group trajectories are illustrated in Figure 2.

3.6. Physical Activity

As presented in Table 6, participants in the intervention
group exhibited a significant increase in physical activity
scores compared with the control group. A repeated
measures ANCOVA confirmed that the between-group
differences in change over time were statistically
significant (p < 0.001).
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Table 5. Comparison of dietary behavior scores (range 0—100) between intervention and control groups, showing significant improvements in the

intervention group maintained at 3-month follow-up

Dietary Behavior Score (0-100) Baseline Post-intervention 3-month follow-up p-value
Intervention 56.2+8.7 745+9.2 72.8 +8.9 <0.001*
Control 55.8+8.5 57.3+84 56.9+8.6 0.431

Note: Data are presented as mean =SD. Within- and between-group comparisons were conducted using repeated-measures ANCOVA adjusted for

baseline scores and covariates. Time-by-group interaction; * p<0.05.
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Figure 2. Changes in dietary behavior scores (range 0-100) from baseline to post-intervention and 3-month follow-up in intervention and control

groups (p < 0.001)

Table 6. Comparison of mean daily physical activity scores (range 1-5) between intervention and control groups, showing significant increases

sustained at 3-month follow-up

Variable Group Baseline (Mean = SD) Post-intervention (Mean £ SD) 3-month Follow-up (Mean + SD) p-value
Intervention 2.10+0.42 3.15+£0.51 3.02 £0.47 <0.001*
Physical Activity
Control 2.09 +£0.44 2.18+£0.46 2.16+0.43

Note: Data are presented as mean £SD. Between-group comparisons were made using ANCOVA adjusting for baseline values. Time-by-group

interaction; * p<0.05.

4. Discussion

This study provides robust evidence that a theory-driven,
multi-component school-based program significantly
reduced daily energy intake, improved dietary behaviors
and physical activity, and lowered obesity risk among
overweight and obese children in a rural Thai setting.
These findings confirm the efficacy of the intervention and
contribute valuable, context-specific evidence to the
limited literature from Southeast Asia, a region undergoing
a rapid nutrition transition [2,32].

The observed effectiveness of the intervention is not
attributed to a single component but rather to the strategic
integration of the PRECEDE-PROCEED Model (PPM)
and Social Cognitive Theory (SCT). The PPM framework

facilitated a comprehensive approach, addressing
predisposing factors through education, enabling factors
through environmental modifications like school lunch
menu reforms, and reinforcing factors through family and
community engagement [17,22,33]. This holistic strategy
is strongly supported by recent evidence synthesis, which
concludes that multi-component interventions integrating
nutrition education, physical activity, and school policy are
the most effective for achieving sustained reductions in
childhood obesity [34].

A critical finding was the significant reduction in daily
energy intake, which is clinically meaningful and sufficient
to contribute to a negative energy balance conducive to
long-term weight management [35]. This outcome was
likely driven by the synergy between enhanced behavioral
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capability—a core construct of SCT—and a modified
school food environment that made healthier choices the
easier choices, a strategy strongly supported by recent
systematic reviews [22]. Improvements in dietary
behaviors, as reflected in the increased composite scores,
further support the effectiveness of this multi-component
approach.

Importantly, children in the intervention group exhibited
substantially lower odds of being overweight or obese over
time (GEE), with ORs of 0.44 post-intervention and 0.36 at
follow-up. When interpreted in terms of achieving normal
nutritional status, these estimates correspond to
approximately a 2.3-2.8-fold increase in the odds of
normalization. Moreover, both cross-sectional
comparisons (Chi-square) and longitudinal modeling (GEE)
were statistically significant, with GEE providing a more
sensitive assessment of trajectories across repeated
measurements [36]. These complementary findings
underscore that appropriate longitudinal models are
essential to fully reveal intervention effects over time.

Our findings align with the global consensus, reaffirmed
by a recent meta-analysis [37], that multi-component
school-based interventions are effective in preventing
childhood obesity. While the majority of existing evidence
comes from high-income settings, this study demonstrates
the feasibility and effectiveness of such an approach in a
resource-limited, rural Southeast Asian context where
evidence remains scarce [38]. Consistent with previous
research conducted in Thailand [20], our results further
validate the contextual relevance of school-based nutrition
interventions. The explicit integration of theory
strengthens  the intervention’s transparency and
replicability, addressing the “black box” critique of
atheoretical programs [33]. Moreover, the sustained
improvements observed across dietary behaviors, energy
intake, and physical activity at the three-month follow-up
indicate early internalization of healthy routines, consistent
with evidence on the long-term potential of school-based
interventions [39].

Several limitations should be acknowledged. The
nonrandomized design may have introduced selection bias
and residual confounding. Key outcomes relied on
self-reported measures and are susceptible to recall and
social desirability bias; future studies should incorporate
more objective assessments where feasible, given budgetary
and logistical constraints in this rural setting. Although the
intervention was theory-informed (PRECEDE-PROCEED
Model and Social Cognitive Theory), mediators
(predisposing, enabling, and reinforcing factors) and formal
process evaluation were not quantitatively measured,
limiting mechanism testing and component attribution, and
the ability to determine whether effects reflected the
combined package rather than any single component.
Furthermore, the three-month follow-up captured only
short- to medium-term effects; longer follow-up and
cost-effectiveness analyses are needed.

Despite these limitations, the findings have important
implications for school health policy in Thailand. The results
support strengthening the school lunch program into an
integrated platform that combines meal standards, structured
nutrition and physical activity education, and engagement of
families and community health personnel. Feasible
components (teacher-led lessons, school environmental
changes, and parent-focused home activities) could be
embedded in national guidance, training, and protected
budgets, prioritizing rural resource-limited settings; scale-up
should be phased with routine monitoring and evaluation
[6,40].

Clinically, weight loss is not universally indicated for all
children with excess weight; for many with overweight,
weight maintenance or slower gain may be preferable.
Although exploratory subgroup findings suggested greater
benefit among children with more severe excess weight,
analyses were underpowered and should be confirmed in
adequately powered trials to compare effects by baseline
weight status and tailor goals accordingly.

5. Conclusions and Recommendations

The intervention significantly reduced energy intake,
improved dietary behaviors and physical activity, and
enhanced nutritional status among overweight and obese
children in rural Thailand, with effects sustained at three
months. The integration of environmental modifications
with individual and family support likely contributed to
these outcomes. These findings fill a critical evidence gap
in resource-limited settings and offer a scalable model to
inform national school health policies.

National initiatives, including Thailand’s School Lunch
Program, should adopt multi-component, theory-based
interventions as a key strategy for obesity prevention,
supported by family engagement, teacher training, and
healthier school food environments. Future research should
prioritize long-term follow-ups, objective measures, and
cost-effectiveness  assessments to support broader
implementation.
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