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Background: Overweight and obesity in adolescents have become significant public health issues, with traditional interventions
showing limited effectiveness. Cognitive behavioral therapy (CBT) offers a novel approach to adolescent health promotion by altering
individuals’ cognitive and behavioral patterns.

Objective: This study was designed to construct a health behavior promotion model for overweight adolescents integrating CBT
theory and to empirically validate it based on multidimensional behavioral scoring.

Methods: A cross-sectional study was conducted among 294 adolescents aged 13—16 from three secondary schools. Participants were
classified into overweight/obese (n = 86) and normal weight (n = 208) groups based on BMI criteria. Data were collected using the
Body Appreciation Scale-2, Weight Control Practices Questionnaire, and Comprehensive Lifestyle Assessment Scale. Statistical
analyses included independent t-tests, Pearson correlation, structural equation modeling (SEM), and multiple regression.

Results: Overweight adolescents scored significantly lower in body appreciation cognition (t = 4.32, p < 0.001) and healthy weight
control behaviors (t = 3.87, p < 0.001), and higher in unhealthy weight control behaviors (t = 4.96, p < 0.001). SEM revealed that body
appreciation cognition had a direct negative effect on BMI (B = —0.18, p < 0.01) and an indirect effect through healthy weight control
behaviors (B = —0.12, p < 0.05). The model demonstrated good fit (x*/df = 2.36, CFI = 0.94, RMSEA = 0.06).

Conclusion: The findings support the applicability of a CBT-based health behavior promotion model for overweight adolescents. The
model, encompassing cognitive restructuring, behavioral activation, self-monitoring, and relapse prevention, provides a theoretical
foundation for school- and community-based interventions.
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Background

The global epidemic of overweight and obesity among adolescents has become one of the most severe public health
challenges of the 21st century. According to the World Health Organization (2022), the global overweight rate among
adolescents aged 5-19 has risen from 4% in 1975 to 18%, while the obesity rate has surged from less than 1% to over 8%.
The situation in China is equally concerning: the China Nutrition and Chronic Disease Report (2020) indicates that the
overweight and obesity rate among Chinese children and adolescents aged 6—17 has reached 19%, with a growth rate
significantly higher than the global average." Overweight and obesity not only directly cause physiological health issues—
such as hypertension, dyslipidemia, and insulin resistance—but are also closely linked to psychological and behavioral
problems like low self-esteem, social avoidance, depression, anxiety, and eating disorders. Emerging evidence highlights the
complex interplay between obesity and systemic inflammation, which may contribute to chronic conditions such as type 11

diabetes and rheumatoid arthritis.” Traditional interventions for overweight adolescents primarily focus on dietary control
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and exercise promotion. While these may yield short-term weight management results, long-term follow-up studies reveal
that behavioral interventions alone have limited sustainability, with weight rebound rates as high as 70%-80%.> This
phenomenon has prompted researchers to delve deeper into the underlying psychological mechanisms influencing the
formation and maintenance of healthy behaviors. Cognitive behavioral theory posits that individuals’ cognitive evaluations
of their body shape, weight, and health behaviors (eg., body image, self-efficacy) directly influence their behavioral choices
and persistence. Negative cognitions prevalent among overweight adolescents—such as body dissatisfaction and low self-
evaluation—may create a vicious “cognitive-emotional-behavioral” cycle through mechanisms like emotional eating and
exercise avoidance, thereby hindering the achievement and maintenance of a healthy weight.*

Cognitive behavioral therapy (CBT), as a psychotherapeutic approach integrating cognitive restructuring and behavioral
modification, has demonstrated significant efficacy in adult weight management. In recent years, researchers have begun
exploring the application value of CBT in adolescent health promotion.® Compared to adults, adolescence represents
a critical stage for the formation of self-concept and the shaping of cognitive patterns. Cognitive behavioral interventions
during this period may yield more profound effects. CBT-based adolescent weight management programs, such as the
SHAPE and TEENS studies, have preliminarily demonstrated the effectiveness of techniques like cognitive restructuring,
self-monitoring, and behavioral contracts in improving weight-related cognition and behavior among adolescents.”®
However, existing research has notable limitations: first, most intervention studies focus on clinically overweight popula-
tions, with insufficient attention to differences in cognitive-behavioral characteristics among adolescents of varying weight
statuses within the general population; second, evaluation metrics are often confined to physiological indicators like weight
changes, lacking comprehensive assessment across cognitive, behavioral, and lifestyle dimensions.” Furthermore, compre-
hensive intervention models grounded in theoretical frameworks remain incomplete, particularly regarding how to organi-
cally integrate core CBT components with adolescent developmental characteristics and health behavior theories.'*!!
Multidimensional behavioral scores offer methodological support to address these issues. Through the simultaneous
assessment of multiple factors—including body appreciation cognition, weight control behaviors, and lifestyle—it is possible
to more comprehensively reveal the cognitive and behavioral characteristics of overweight adolescents, providing an
evidence base for targeted interventions.'? In recent years, researchers have begun developing multidimensional assessment
tools suitable for adolescents, such as the Body Appreciation Scale-2 and the Weight Control Behavior Scale, and have
validated their reliability and validity across different cultural contexts.'* '3

This study is grounded in Cognitive Behavioral Therapy (CBT), which posits that cognitive evaluations (eg., body
appreciation) influence behavioral choices (eg., weight control strategies) and subsequent physiological outcomes (eg.,
weight status). The novelty of this study lies in: (1) applying a multidimensional behavioral scoring system to
comprehensively assess cognitive, behavioral, and lifestyle factors; (2) empirically testing a CBT-informed theoretical
model using structural equation modeling; and (3) identifying modifiable targets for theory-driven interventions. This
study aims to systematically evaluate body appreciation cognition, weight control behaviors, and lifestyle characteristics
among adolescents with different weight statuses through a cross-sectional survey, and to explore the relational pathways
between cognition, behavior, and weight status, thereby constructing a health behavior promotion model for overweight
adolescents based on CBT theory and integrating multidimensional behavioral scores. Based on this framework, we
hypothesized that overweight adolescents would exhibit lower body appreciation and healthy behaviors but higher
unhealthy behaviors versus normal-weight peers, that body appreciation would correlate positively with healthy beha-
viors and negatively with unhealthy behaviors and BMI, and that healthy behaviors would mediate the relationship
between body appreciation and BMI.

Materials and Methods
Study Design and Subjects

This study employed a cross-sectional survey design, utilizing convenience sampling to select adolescents aged 13—16
enrolled in three secondary schools within a local region as research subjects between September 2024 and January 2025.
This study was conducted in accordance with the ethical standards of the Declaration of Helsinki. The research protocol
was reviewed and approved by The Second Hospital of Jinhua Ethics Committee prior to implementation (Ethics
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Approval No.: 2024-01-031). All participating adolescents signed informed consent forms, and their guardians also
signed guardian informed consent forms.

Sample size estimation was performed prior to participant recruitment. The primary analysis involved structural
equation modeling (SEM). A widely accepted rule of thumb for SEM suggests a sample size of at least 10-20 times the
number of estimated parameters. Our preliminary model included approximately 15 key parameters to be estimated.
Targeting a ratio of 15 participants per parameter, the minimum required sample size was calculated to be 225.
Anticipating a potential invalid response rate of about 20%, the target sample size was increased to 270-300 participants
to ensure sufficient statistical power (=0.80) for detecting small-to-moderate effect sizes (Cohen’s 2 ~ 0.10-0.15) in
multiple regression and path analyses with an alpha level of 0.05.

Inclusion criteria for research subjects strictly adhered to the following principles: (DAge between 13 and 16 years; @
The individual provided informed and voluntary consent to participate in this study; 3 The guardian was informed and
signed the consent form. Exclusion criteria included: @ Individuals with severe physical illnesses (eg., heart disease,
chronic kidney disease, endocrine disorders) that could affect weight metabolism; @ Individuals diagnosed with mental
illness or currently taking psychiatric medications; 3 Those who completed the questionnaire incompletely, with obvious
logical errors, or provided arbitrary responses.

A total of 350 questionnaires were collected. 294 valid responses were obtained after excluding invalid ones, yielding
an 84.0% valid response rate. All valid participants were classified according to the Chinese health industry standard
“Screening for Overweight and Obesity in School-Aged Children and Adolescents” (WS/T 586-2018).'® The over-
weight/obese group comprised 86 individuals (29.3%), while the normal weight group included 208 individuals (70.7%).
No statistically significant differences were observed between the two groups in gender distribution (x> = 1.24, p = 0.265)
or mean age (t = 1.52, p = 0.130), indicating comparable baseline characteristics and effectively minimizing confounding
bias.

Research Tools
This study was conducted using a standardized survey instrument to ensure the reliability and validity of the data.

The General Information Survey

This questionnaire collects sociodemographic information from study participants, including age, gender, and grade
level. Concurrently, a uniformly trained investigator uses calibrated instruments to measure the height and weight of
students in strict accordance with standard procedures, thereby calculating their body mass index (BMI). Height and
weight were measured by uniformly trained research staff using calibrated instruments following standardized procedures
(participants wearing light clothing, no shoes). Body mass index (BMI) was calculated as weight (kg)/height® (m?) (see
Supplementary Materials and Appendix 1).

The Body Appreciation Scale

Body appreciation was assessed using the Chinese version of the Body Appreciation Scale-2 (BAS-2), originally
developed by Tylka and Wood-Barcalow'® and validated in Chinese adolescents by previous research (see
Supplementary Materials and Appendix 2). The scale comprises 10 items (eg., “I respect my body,” “I feel good

about my body”) rated on a 5-point Likert scale (1 = “Never,” 5 = “Always”), with total scores ranging from 10 to 50.
Higher scores indicate greater body appreciation. In this study, the scale demonstrated excellent internal consistency
(Cronbach’s a = 0.89). Confirmatory factor analysis supported the unidimensional structure (CFI = 0.95, RMSEA =
0.06), consistent with the original validation.

The Weight Control Practices Questionnaire

Weight control behaviors were assessed using a self-report questionnaire developed based on established measures in
adolescent weight management research.'*'”'® The instrument comprises 10 items divided into two subscales (see
Supplementary Materials and Appendix 3): Healthy Weight Control Behaviors (5 items; eg., “engaged in exercise to control

29 ¢ 2

weight,” “ate more fruits and vegetables”) and Unhealthy Weight Control Behaviors (5 items; eg., “skipped meals,” “used

laxatives or diuretics”). Participants rated the frequency of each behavior over the past month on a 5-point Likert scale (0 =
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“Never,” 4 = “Always”). Subscale scores were calculated by summing the respective items (range 0-20), with higher scores
indicating greater engagement in that behavior category. In this study, internal consistency was acceptable for both the
healthy behaviors subscale (Cronbach’s a = 0.81) and unhealthy behaviors subscale (Cronbach’s a = 0.76).

The Comprehensive Lifestyle Assessment Scale
To comprehensively evaluate the lifestyle habits of study participants, we developed this self-administered questionnaire
(see Supplementary Materials and Appendix 4) based on key domains of adolescent health. The initial item pool covered

dietary behaviors, physical activity, sleep, and stress management. Based on data from the 294 valid respondents,
psychometric properties were evaluated. The overall scale demonstrated good internal consistency (Cronbach’s a = 0.86).
Exploratory factor analysis (principal component analysis with varimax rotation) revealed a clear four-factor structure
explaining 65.3% of total variance, corresponding to the intended dimensions: Dietary Behaviors (3 items, factor
loadings: 0.72—-0.81), Physical Activity (2 items, loadings: 0.78, 0.83), Sleep Behaviors (2 items, loadings: 0.75, 0.79),
and Stress Management (2 items, loadings: 0.70, 0.76). All items demonstrated primary loadings >0.60 on their
respective factors and cross-loadings <0.40. For analysis, dimension scores were calculated by summing items within
each factor.

Statistical Analysis

The data in this study were processed and analyzed using SPSS 25.0 and AMOS 24.0 software. First, the
demographic characteristics and study variables of the participants were described using descriptive statistics.
Quantitative data were presented as mean + standard deviation (X & s), while categorical data were expressed as
frequency and percentage (n, %). Subsequently, an independent samples ¢-test was applied to continuous variables
meeting normality assumptions to compare differences in scale scores between the overweight/obese group and the
normal weight group. Furthermore, Pearson correlation analysis was conducted to explore the intrinsic relation-
ships among body appreciation cognition, weight control behaviors (healthy and unhealthy), lifestyle, and BMI. To
deeply validate the theoretical hypothesis—that body appreciation influences BMI through the mediating effect of
healthy weight control behaviors - we constructed a structural equation model (SEM) using AMOS software and
conducted path analysis.!” The model fit was comprehensively assessed using multiple indices: the chi-square
/degrees of freedom ratio (x*/df), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and Root Mean Square
Error of Approximation (RMSEA). All statistical tests employed in this study were two-tailed, with p < 0.05
indicating statistical significance.

Results
The Baseline Characteristics and BMI Distribution of the Study Subjects

A total of 294 valid participants were included in this study. Their basic characteristics are detailed in Table 1.
There were no significant differences between the overweight/obese group (n=86) and the normal weight group
(n=208) in terms of gender composition (male proportion: 53.5% vs 50.0%) or mean age (14.9£1.0 years vs 14.7
+0.9 years) (p>0.05), which ensured comparability for subsequent intergroup comparisons. However, the differ-
ence in BMI between the two groups was highly statistically significant (t=28.37, p<0.001). The BMI of the
overweight/obese group (26.3+2.1 kg/m?) was significantly higher than that of the normal weight group (19.8
+1.9 kg/m?), effectively validating the grouping validity.

Table | The Comparison of Baseline Characteristics Among Study Subjects

Characteristics Total Sample | Overweight/Obese | Normal Weight Statistical p-value
(n=294) Group (n=86) Group (n=208) Test Value

Male, n (%) 150(51.0) 46(53.5) 104(50.0) =124 0.265

Age (years), X+ s 14.8+0.9 14.9+1.0 14.7+0.9 t=1.52 0.130

BMI (kg/m?), X + s 21.843.5 26.3%2.1 19.8+1.9 t=28.37 <0.001
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The Between-Group Differences in Body Appreciation Cognition

The results of the ¢-test for independent samples (Table 2) indicated that overweight/obese adolescents scored signifi-
cantly lower on the total body appreciation perception scale compared to normal-weight adolescents (28.5+5.2 vs 33.7
+4.8; t=4.32, p<0.001). A detailed analysis of specific items revealed that this difference manifested across multiple core
cognitive dimensions. For instance, overweight/obese adolescents reported significantly lower scores on the items “I
think my body shape is quite good” (Overweight/Obese Group: 2.6 + 0.8 vs. Normal Weight Group: 3.3 £ 0.6; t = 4.15,
p < 0.001) and “T like my body” (Overweight/Obese Group: 2.5 + 0.9 vs. Normal Weight Group: 3.4 + 0.7; t=4.87,
p<0.001), the overweight group scored significantly lower. This indicates that overweight adolescents exhibit markedly
lower satisfaction with their body shape and affection for their bodies, reflecting more severe body dissatisfaction.

Analysis of Weight Control Behavior Characteristics

With respect to weight control behaviors, the two adolescent groups exhibited distinctly different patterns (Table 2). In
terms of healthy weight control behaviors, the overweight group was significantly lower (12.3 + 3.5) than the normal
weight group (14.8 = 3.1; t = 3.87, p < 0.001), indicating that overweight adolescents employed fewer positive weight
management strategies such as regular exercise and healthy eating.'® Conversely, the overweight group showed
significantly higher scores (5.2 + 2.8) than the normal-weight group (3.1 £ 2.4; t = 4.96, p < 0.001) for unhealthy
weight control behaviors. This indicates a greater tendency toward rapid weight loss methods harmful to physical and
mental health, such as extreme dieting and laxative use. This contradictory pattern of “low healthy behaviors and high
unhealthy behaviors” reveals the cognitive and behavioral dilemmas overweight adolescents face in weight

management.5

Multidimensional Comparison of Lifestyle

A comparison of total lifestyle scores revealed that overweight adolescents exhibited significantly poorer lifestyle health
than their normal-weight peers (42.3 £ 8.7 vs. 48.5 £ 7.9; t = 3.52, p < 0.001). The further dimensional analysis (Table 2)
revealed the specific sources of these differences: Overweight adolescents scored significantly lower in both dietary
behaviors (7.2+2.1 vs 8.5£1.8; t=3.12, p<0.01) and stress management (5.9+1.8 vs 7.1%1.6; t=2.97, p<0.01). Of these, the
most pronounced intergroup difference was observed in exercise behavior (6.8+2.3 vs 8.9£2.0; t=3.85, p<0.001),
indicating insufficient physical activity as a core issue in overweight adolescents’ lifestyles. However, there was no
significant difference in sleep behavior scores between the two groups (6.4+1.9 vs 6.7+1.7; t=1.28, p=0.202).

Table 2 The Comparison of Scores for Each Study Variable Between Overweight and Normal-Weight
Adolescents (X £ s)

Research Variables Overweight/Obese Normal Weight t-value p-value
Group (n=86) Group (n=208)
Body Appreciation Cognition Total Score 28.5+5.2 33.7+4.8 4.32 <0.001
| respect my own body. 2.8+0.9 3.4£0.7 3.82 <0.001
| think | am in pretty good shape. 2.6+0.8 3.3+x0.6 4.15 <0.001
| like my body 2.5+0.9 3.4+0.7 4.87 <0.001
Healthy weight management behaviors 12.3£3.5 14.8+3.1 3.87 <0.001
Unhealthy weight management behaviors 5.2+2.8 3.1+24 4.96 <0.001
Overall lifestyle score 42.3+8.7 48.5+7.9 3.52 <0.001
Dietary behaviors 7.2+2.10 8.5+1.8 3.12 <0.01
Physical activity behaviors 6.8+2.3 8.9+2.0 3.85 <0.001
Sleep behaviors 6.4x1.9 6.7%1.7 1.28 0.202
Stress management 59+1.8 7.1%1.6 2,97 <0.01
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Table 3 The Pearson Correlation Matrix for Each Study Variable (r Values)

Variation | 2 3 4 5

Awareness of Body Appreciation |
Behaviors for Healthy Weight Management | 0.42%%* |

Unhealthy weight management behaviors —0.35%F% | —0.3|*F* |
Healthy Lifestyle 0.38%FF | 0.45%% | —0.28%* |
BMI —0.32F8F | —0.29%FF | 0.40%FF | —0.34%F | |

Notes: |: Body Appreciation: Total score of the Body Appreciation Scale-2. 2: Healthy Weight Control
Behaviors: Total score of healthy strategies (e.g., exercise, eating fruits/vegetables). 3: Unhealthy Weight
Control Behaviors: Total score of unhealthy strategies (e.g, extreme dieting, purging). 4: Healthy Lifestyle:
Composite score of diet, exercise, sleep, and stress management behaviors. 5: Body Mass Index (BMI):
Calculated as weight (kg)/height (m)2 **p <0.01, **p <0.001.

The Analysis of Correlations Within Variables

Pearson correlation analysis results (Table 3) reveal the complicated and close relationship among various variables. The
perception of body appreciation showed a significant positive correlation with healthy weight control behaviors (r = 0.42,
p < 0.001) and healthy lifestyle practices (r = 0.38, p < 0.001), while exhibiting a significant negative correlation with
unhealthy weight control behaviors (r = —0.35, p < 0.001) and BMI (r = —0.32, p < 0.001). This implicated that
adolescents with more positive body evaluations tended to adopt healthier weight management practices and lifestyles,
while also maintaining lower BMI levels. Furthermore, there was a significant negative correlation between healthy
weight control behaviors and BMI (r = —0.29, p < 0.001), which further confirmed the positive significance of healthy
behaviors for weight management.

The Path Analysis Examining the Influence of Body Appreciation Cognition on BMI

To delve deeper into the underlying mechanisms among variables, this study constructed a structural equation model for
path analysis (Figure 1). The model analysis revealed that body appreciation cognition not only exerted a significant
direct negative effect on BMI (standardized path coefficient B = —0.18, p < 0.01) but also indirectly influenced BMI
through the partial mediating effect of healthy weight control behaviors (indirect effect p = —0.12, p < 0.05). This
suggested that adolescents with higher body appreciation tended to have lower BMI levels, with this protective effect

Body Appreciation
B=0.51***
Mediath Path
Healthy Weight-Control Direct Path: B=-0.18**
Behaviors Total Effect: B=-0.30

B=-0.24**

.

BMI

Figure | Structural equation model illustrating the mediating role of healthy weight control behaviorsThis path model depicts the relationships between body appreciation
cognition, healthy weight control behaviors, and Body Mass Index (BMI) among adolescents. Standardized path coefficients (B) are shown. The solid arrow represents the
significant direct effect of body appreciation on BMI. The dashed arrows indicate the significant indirect mediation pathway, where body appreciation is associated with
higher engagement in healthy weight control behaviors, which in turn is associated with lower BMI. The total effect of body appreciation on BMI is also presented. ** p <
0.01, ** p < 0.001.
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Table 4 Multiple Linear Regression Analysis of Factors Influencing BMI in
Adolescents (n=294)

Predictor Variable B SE B t-value | p-value | VIF
Constant 31.524 | 1.892 - 16.66 < 0.001 -

Gender (Male=1) 0.458 | 0.215 | O.112 2.13 0.034 1.08
Grade (High School=1) | 0.512 | 0.231 0.125 222 0.027 1.12
Boarding (Yes=1) 0.785 | 0.245 | 0.182 320 0.002 1.21
Body Appreciation —0.189 | 0.062 | —0.205 —-3.05 0.002 1.35
Healthy WCBs —0.165 | 0.075 | —0.I51 —2.20 0.029 1.41
Unhealthy WCBs 0.283 | 0.089 | 0.198 3.18 0.002 1.29
Healthy Lifestyle —0.157 | 0.049 | —0.221 -3.20 0.002 1.38

Note: The dependent variable is Body Mass Index (BMI). All VIF values are below 5, indicating no
severe multicollinearity.

Abbreviations: B, unstandardized coefficient; SE, standard error; B, standardized coefficient; VIF
variance inflation factor; WCBs, Weight Control Behaviors.

partially mediated by their adoption of more healthy weight control behaviors. The model fit indices of this theoretical
model all met ideal standards (x*/df = 2.36, CFI = 0.94, TLI = 0.92, RMSEA = 0.06), demonstrating good model-data fit.
The proposed “cognitive-behavioral-physiological” pathway in this study is supported by empirical data.

The Multiple Regression Analysis of Factors Influencing Overweight Risk
To clarify the independent predictive roles of various factors on overweight (using BMI as the continuous dependent
variable), a multiple linear regression analysis was conducted. Gender, grade level, boarding status, body appreciation
cognition, healthy and unhealthy weight control behaviors, and total lifestyle score were included as independent
variables in the model.

The regression model was significantly significant overall (F(7, 286) = 15.38, p < 0.001), with an adjusted R* of
0.254, indicating that these variables collectively explained 25.4% of the variance in BMI. The regression coefficients
and significance levels for each independent variable are presented in Table 4.

Discussion

This study investigated the cognitive and behavioral characteristics of overweight adolescents using a multidimensional
behavioral scoring system, revealing significant deficiencies in the body appreciation cognition, weight control behaviors,
and lifestyle habits of overweight adolescents. In particular, overweight adolescents had significantly lower body
appreciation cognition levels than their normal-weight peers, scoring notably lower on core items such as “respecting

LEINT3

one’s own body,” “accepting one’s own physique,” and “liking one’s own body.” This finding was consistent with the
results of Tylka and Wood-Barcalow (2015), further confirming the close association between overweight status and body
dissatisfaction.* Negative body images may stem from the narrow societal definition of the “ideal body type” and
pervasive weight stigma, leading overweight adolescents to internalize negative body stereotypes and subsequently
develop body dissatisfaction and low self-esteem. This finding underscores the importance of incorporating body
appreciation and acceptance components into health promotion programs. Adolescents should be supported in developing
a functional perspective on their bodies rather than one focused solely on appearance, moving beyond an exclusive
emphasis on weight reduction.’

With regard to weight control behaviors, overweight adolescents exhibited a pattern characterized by “high unhealthy
behaviors and low healthy behaviors.” This paradoxical behavior pattern reflected their predicament in weight manage-
ment. On one hand, they might resort to extreme measures due to an urgent desire to alter their weight status; on the other
hand, the lack of healthy behavioral habits and insufficient self-efficacy made it difficult for them to adhere to long-term,
effective weight management strategies.'* This situation suggests that interventions must simultaneously address redu-
cing unhealthy behaviors and establishing healthy ones, helping adolescents find balanced, sustainable weight manage-
ment approaches.®’” Notably, overweight adolescents scored significantly lower in stress management, potentially
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indicating a greater tendency to cope with stress through eating. This further exacerbates weight issues, creating a vicious
cycle.'?%

This study identified a pathway through which body appreciation cognition may be associated with weight status via
its relationship with healthy weight control behaviors by structural equation modeling. This finding has important
theoretical significance and practical value. Theoretically, it supports the applicability of cognitive behavioral theory in
the field of weight management, illustrating a potential pathway linking cognitive factors influence physiological
indicators through behavioral mechanisms.®'® Practically, the identification of this pathway helps identify precise targets
for developing targeted interventions. It suggests that we should simultaneously focus on cognitive restructuring and
behavioral change, and may promote the adoption of healthy weight control behaviors by potentially enhancing body
appreciation.'®!

The multidimensional health behavior promotion model based on research findings, with CBT at its core, possesses
a solid theoretical foundation and empirical support. It has four core components - cognitive restructuring, behavioral
activation, self-monitoring, and relapse prevention - which address key issues that overweight adolescents face, creating
a comprehensive intervention system.>'®'® From a practical perspective, this model can be readily adapted for
implementation in schools, communities, and clinical settings. School counselors can integrate cognitive restructuring
techniques into health education curricula, while community programs can incorporate behavioral activation through
structured physical activities. The relapse prevention component is particularly valuable for sustaining long-term
behavior change, addressing a critical gap in traditional interventions that often lack follow-up support. The future
research can explore different intervention formats, such as comparing the cost-effectiveness and efficacy of group versus
individual CBT, or developing mobile health-based CBT interventions to expand accessibility.”*** The cognitive
restructuring component aimed to help adolescents identify and alter negative automatic thoughts about weight, body
shape, and self, fostering more realistic and positive cognitive patterns.>*' The behavioral activation component assisted
adolescents in gradually increasing healthy behaviors and reducing unhealthy ones through specific behavioral
techniques.'® The self-monitoring component developed the self-awareness skills necessary to inform cognitive restruc-
turing and behavioral adjustments.>* The relapse prevention component focused on long-term maintenance, equipping
adolescents to cope with challenges and setbacks.® This model has similarities with the adolescent weight management
CBT program proposed, but its distinctive feature was that it placed greater emphasis on the centrality of body
appreciation and integrated the results of multidimensional behavioral assessments, making the intervention content
more precise and comprehensive.*'?

Multiple regression analysis provided crucial empirical evidence to construct intervention models from the perspec-
tive of predictive factors. The analysis not only revalidated body appreciation cognition, healthy weight control
behaviors, and healthy lifestyles as protective factors for weight, but also revealed a highly noteworthy finding: unhealthy
weight control behaviors were independent risk factors for BML'* It is noteworthy that emotional and psychological
states, such as depressive symptoms, may interact with unhealthy weight control behaviors to jointly influence weight
outcomes, a factor that should be considered when designing interventions.*® This suggested that for adolescents who had
already adopted extreme weight loss methods, their behaviors were not effective and could potentially disrupt normal
metabolism or lead to later binge eating, ultimately exacerbating weight issues.'® Therefore, the correction of unhealthy
weight control behaviors was equally important, if not more urgent, than the promotion of healthy behaviors in
interventions.?® In addition, the identification of males, high school students, and boarding students as high-risk groups
for overweight suggested that future health promotion programs should prioritize these populations and develop more
targeted strategies.'

The strength of this study is that the study employs a multidimensional assessment system to comprehensively
examine cognitive and behavioral factors, and constructs theoretical models based on empirical data to provide precise
targets for intervention development.'> Moreover, the sample possesses a certain degree of representativeness, resulting
in good generalizability of findings. Furthermore, the statistical methods are rigorous, utilizing both correlation analysis
and structural equation modeling to explore variable relationships.'’

However, the study also has several limitations: it was impossible to establish causality due to the cross-sectional
design; the sample source was relatively limited; the sample mainly came from schools in the same region; some scales
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were self-developed tools; their validity needs further verification; and not all possible mediating and moderating
variables, such as social support and school environment factors, were examined.’®?’ Additional limitations include
potential confounding by unmeasured variables (eg., family socioeconomic status, genetic factors, psychological
comorbidities) and the reliance on self-reported measures, which may introduce social desirability bias. The cross-
sectional design precludes causal inference, and reverse causality cannot be ruled out. Furthermore, this study did not
assess physiological markers such as inflammatory cytokines or metabolic parameters, which have been shown to
correlate with obesity and its comorbidities.?® Incorporating such biomarkers in future research could provide a more
comprehensive understanding of the mechanisms linking cognitive-behavioral factors to weight-related health outcomes.
Future longitudinal studies with objective measures and diverse samples are needed to confirm these findings.

The following practical recommendations are proposed based on the research findings: with regard to school health
promotion, body appreciation education and CBT skills training should be integrated into school health curricula to help
all adolescents develop positive body image and healthy behavioral patterns, rather than targeting only overweight
students.” Simultaneously, it is critical to create supportive school environments that reduce weight discrimination and
bullying. In terms of family involvement, the health promotion program should include parental education components,
given that parents’ body concepts and feeding practices significantly influence adolescents’ weight-related cognitions and
behaviors.?**? This helps parents provide a supportive rather than controlling home eating environment. Furthermore,
a multi-level intervention strategy is recommended, which incorporates a public health model: at the individual level,
provide CBT group interventions; at the group level, conduct body appreciation activities; and at the environmental level,

promote improvements in healthy cafeterias and sports facilities to form a multi-level support system.'®

Conclusion

This study provides initial evidence for the applicability of a CBT-based health behavior promotion model among
overweight adolescents using a multidimensional behavioral scoring system. The study identified a significant deficit in
overweight adolescents’ body appreciation cognition, weight control behaviors, and lifestyle habits, with these factors
being interrelated and collectively associated with weight status. The body appreciation cognition was found to be
directly associated with BMI and also indirectly through its relationship with healthy weight control behaviors,
suggesting a potential mediating pathway. The integrated CBT health behavior promotional model developed on this
basis comprises four core components: cognitive restructuring, behavioral activation, self-monitoring, and relapse
prevention. It is hypothesized that through multidimensional assessment and intervention, this model may help break
the vicious cycle of “negative cognition-unhealthy behaviors-weight issues” among overweight adolescents, thereby
promoting their comprehensive physical and mental health development. The model offers a practical framework for
schools and communities to support overweight adolescents, but findings should be interpreted with caution due to the
cross-sectional design and limited sample diversity. Future research should employ longitudinal designs and intervention
studies to establish causality and test real-world effectiveness. This study provides a theoretical framework and empirical
support for developing effective health promotion programs for overweight adolescents. The future research should
develop specific intervention protocols using this model and validate their long-term effects through rigorous experi-
mental designs.
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