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Abstract 
Background and Aim: Overweight and obesity are chronic, multi-factorial metabolic diseases, 
with a rapidly increasing global prevalence that poses a significant threat to public health. 
Middle-aged populations in developing urban areas may face unique risk factors due to lifestyle 
and environmental transitions. The objective of this study was to develop and validate a 
comprehensive health behaviour model for the prevention of overweight among the middle-
aged population in Yuncheng City, a mid-sized urban center in northern China. 
Methodology: This study employed a sequential mixed-methods design. The target population 
was middle-aged adults (aged 40-59 years, of both genders, and with a BMI ≥24 kg/m² as per 
Chinese criteria) residing in Yuncheng City. A multi-stage sampling process was used: first, a 
cross-sectional survey was conducted with a calculated sample size of 402 participants, 
selected through stratified random sampling based on residential districts. A structured 
questionnaire was administered to assess dietary habits, physical activity levels, sleep patterns, 
and health cognitions. Descriptive statistics (means, standard deviations) were used to identify 
key factors associated with overweight. Subsequently, purposive sampling was used to select 
five experts for in-depth interviews. The integrated findings informed a draft model, which was 
refined through a two-round Delphi consensus process involving a panel of 19 experts. 
Consensus was defined as an interquartile range ≤1 and a median score ≥4 on a 5-point Likert 
scale. Final validation was performed by a separate panel of seven experts. 
Results: The survey response rate was 97.3% (402/413). Quantitative analysis revealed that 
overweight status was significantly associated with three primary factors: high daily caloric 
intake, low physical activity, and habitual late-night activities. The Delphi process achieved 
strong consensus on a final model comprising 28 elements across five dimensions: 1) Healthy 
Dietary Behaviour (7 elements), 2) Scientific Physical Activity (6 elements), 3) Psychological and 
Cognitive Adjustment (4 elements), 4) Sleep and Lifestyle Modification (4 elements), and 5) 
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Social-Environmental Support (7 elements). All dimensions reached the predefined consensus 
threshold in the second round, indicating high expert agreement. 
Conclusion: This study successfully developed a consensus-based health behaviour model 
specifically tailored for overweight prevention in Yuncheng City's middle-aged population. The 
model demonstrates high content validity and expert endorsement. It provides a structured, 
multi-dimensional framework for designing targeted community health interventions. Future 
research should focus on implementing and empirically testing the model's effectiveness in 
fostering sustainable behaviour change and reducing overweight incidence in this and similar 
populations. 
Keywords: Middle-aged Adults; Overweight Prevention; Healthy Behaviour; Model 

 
Introduction 
  Overweight and obesity represent a significant global public health challenge, particularly 
among middle-aged populations, due to their strong association with chronic metabolic diseases 
(Unwin, 2024). The etiology of overweight is multifactorial, involving interrelated determinants 
such as cognitive perceptions (Karlsson et al., 2021), lifestyle patterns (Unwin, 2024), physical 
activity levels (Batrakoulis, 2022), psychological factors (Asharaf et al., 2024), and sleep quality 
(Allison et al., 2024). Although numerous studies have investigated isolated interventions—such 
as dietary control, exercise regimens, psychological counseling, or multi-component 
approaches—there remains no consensus regarding the relative importance of each factor or the 
most effective combined strategy for sustainable weight management in midlife (Batrakoulis, 
2022).  
  A notable limitation in existing research is the narrow definition of physical activity, which is 
often restricted to structured exercise. While exercise programs—including aerobic, resistance, 
and combined modalities—have demonstrated efficacy in weight reduction, the optimal type, 
intensity, and format (e.g., jogging, resistance training with elastic bands, or square dancing) for 
middle-aged adults remains unclear. Moreover, non-exercise physical activities, such as active 
transportation, stair climbing, and household chores, are frequently overlooked despite their 
potential contribution to total energy expenditure. In regions like Yuncheng City, a mid-sized urban 
area in northern China, local lifestyle patterns, dietary customs, and environmental factors may 
uniquely shape these behavioral determinants, yet few studies have developed integrated 
models tailored to such specific sociocultural contexts. The rising prevalence of overweight in 
Yuncheng underscores the urgent need for effective, localized prevention strategies. Current 
public awareness of the health risks associated with being overweight remains limited, further 
amplifying the burden on local healthcare systems. This study, therefore, aims to develop and 
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validate an integrated health behaviour model for overweight prevention among middle-aged 
adults in Yuncheng. The model incorporates five key dimensions: 1) healthy dietary behaviour; 2) 
scientific physical activity behaviour; 3) psychological and cognitive behaviour adjustment 
strategies; 4) sleep and lifestyle habits adjustment methods; and 5) social and environmental 
support. 

 By adopting a structured, multi-domain approach, this research seeks to provide a practical 
framework for preventing overweight, maintaining a healthy weight, and reducing obesity-related 
chronic disease risks. The findings of this study are anticipated to benefit public health 
policymakers, community health planners, and clinical practitioners in designing targeted 
interventions for middle-aged adults in Yuncheng and similar urban settings. Furthermore, the 
model may serve as a reference for future research into context-sensitive health behaviour 
interventions aimed at mitigating the growing burden of overweight and obesity. 

 
Objectives 

 To analyze the associations between key behavioral factors (lifestyle, sleep patterns, 
physical activity, cognitive perceptions, and psychological factors) and overweight status among 
middle-aged adults (aged 40–59) in Yuncheng City. 

To develop and validate a multi-dimensional health behaviour model for overweight 
prevention. This will be achieved by synthesizing literature, survey findings, and expert consensus 
(via a two-round Delphi process with predefined consensus thresholds), and subsequently 
evaluating its content validity and perceived feasibility via an expert validation panel. 
 To propose a set of implementable, multi-level intervention strategies (targeting individual, 
family, and community levels) derived directly from the validated model, providing a structured 
framework for public health initiatives and future empirical testing. 
 
Literature review  

The relevant research in this section mainly includes factors that cause overweight and 
research on various factors. The specific information is as follows: 

Related studies on factors causing overweight 
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.  
Overweight and obesity may resemble a heterogeneous chronic disease, in which many 

factors interact to produce an energy imbalance and lead to weight gain. Table 1 summarizes the 
results of previous studies that the most frequently occurring influencing factors are: unhealthy 
diet, household income, physical activity, rural, drinking, psychological factors, smoking, and 
environmental factors. Among them, since household income, rural, and environmental factors 
are difficult to change, these three factors are excluded from this research. Drinking, smoking, and 
an unhealthy diet are classified as unhealthy factors, and educational attainment is classified as 
a cognitive factor. Finally, all influencing factors can be classified into 5 aspects: unhealthy lifestyle 
habits, factors of sleep, physical activity factors, cognition of overweight and health, and 
psychological factors. 

Determinants of Overweight and the Rationale for an Integrated Health Behaviour 
Model 

Overweight and obesity in middle-aged adults present a complex public health challenge 
shaped by the interplay of multiple behavioural and environmental factors. A robust body of 
evidence has established key domains influencing energy balance and weight status. These factors 
are not isolated; they interact within a system that varies across different populations and cultural 
contexts, underscoring the need for integrated and localized intervention models. This review 
synthesizes evidence across five primary domains to establish the foundation for a tailored health 
behaviour model for middle-aged adults in Yuncheng City. 
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 Lifestyle and Dietary Habits 
Lifestyle factors, particularly diet composition, are foundational to weight management. 

While generic dietary advice like "eat less, move more" has proven largely ineffective (Unwin, 
2024), specific nutritional strategies show promise. Evidence supports the efficacy of reducing 
refined carbohydrate intake and adopting low-glycaemic index (GI) diets for weight loss and 
metabolic improvement (Feng, 2022; Unwin, 2024). Beyond diet, other lifestyle habits compound 
the risk. A dose-response relationship exists between excessive alcohol consumption and the 
odds of general and abdominal obesity. Similarly, smoking has demonstrated a significant 
association with abnormal BMI, underscoring its role as a behavioural risk factor beyond its 
traditional health risks (Dahlawi,2024). 
 Sleep factors 

The relationship between sleep and weight is well-established, characterized by 
bidirectional influences. Short sleep duration, poor sleep quality, and irregular sleep patterns are 
strongly linked to weight gain and higher BMI (Allison, 2024; Yang, 2024). This connection is partly 
mediated through behavioural pathways, such as the disruption of regular meal patterns (e.g., 
skipping breakfast), and physiological mechanisms, including metabolic dysregulation. Genetic 
studies further suggest a strong causal relationship between insomnia and higher BMI (Dashti, 
2021; Yang,2024). Consequently, incorporating sleep goals into behavioral weight loss 
interventions is recognized as a strategy to improve outcomes (Allison, 2024). 
 Physical activities 

Physical activity extends beyond structured exercise to include all forms of daily movement. 
While systematic reviews often highlight aerobic exercise as a highly effective modality for fat 
reduction (Batrakoulis, 2022; Morze, 2021), the evidence is not entirely uniform, with some studies 
indicating significant benefits from resistance training for improving body composition (Zhu et al., 
2025). The most effective approach likely integrates both, combining the metabolic benefits of 
aerobic activity with the muscle-preserving and metabolism-boosting effects of resistance training. 
A critical gap in existing research is the frequent neglect of non-exercise physical activity (NEPA)—
such as active transport and stair climbing—which constitutes a substantial component of total 
daily energy expenditure, particularly in non-athletic populations. 
 Cognitive factors 

Cognitive function and weight status exhibit a dynamic, reciprocal relationship. Higher BMI 
has been associated with accelerated cognitive decline in mid-to-late life, while higher cognitive 
ability is linked to lower late-life BMI (Karlsson et al., 2021). Furthermore, cognitive processes such 
as inhibitory control and memory directly influence dietary flexibility and food intake, where 
impairments can lead to overeating (Higgs, 2023). The benefits of physical activity for cognitive 
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function appear to be particularly pronounced among overweight individuals, suggesting that 
weight status may moderate this relationship (Fiscella, 2024). This underscores the need to 
address cognitive factors as both an outcome and a determinant in weight management. 
 Psychological factors 

The link between psychological health and obesity is profound. Obesity is strongly 
correlated with a higher prevalence of stress, anxiety, and depression (Asharaf, 2024). 
Psychological distress can foster maladaptive coping behaviours, such as emotional eating, which 
is characterized by consumption of high-calorie foods in response to negative emotions and is 
linked to unhealthy dietary patterns (Dakanalis, 2023). While the relationship is complex and may 
be bidirectional, the most compelling evidence suggests that weight gain often leads to increased 
psychological distress (Steptoe, 2023). This highlights the necessity of integrating psychological 
approaches, including stress management and nutritional education for coping with negative 
emotions, into weight management strategies (Mohd-Sidik, 2021). 
 Synthesis and Rationale for the Current Study 

The evidence confirms that overweight is a multifactorial condition requiring a multi-
dimensional intervention approach. While the five domains reviewed are universally relevant, 
their specific manifestations, relative importance, and interactions are likely shaped by local 
cultural, environmental, and social contexts. For middle-aged adults in Yuncheng City, a "one-
size-fits-all" model is unlikely to be effective. Existing research often focuses on isolated factors 
or generic combinations, leaving a gap for a cohesive, evidence-based model that is specifically 
validated for a defined population. This study directly addresses this gap by synthesizing these 
distinct yet interconnected domains into a single, integrated Health Behaviour Model. The 
proposed model, comprising 1) Healthy Dietary Behaviour, 2) Scientific Physical Activity, 3) 
Psychological and Cognitive Adjustment, 4) Sleep and Lifestyle Modification, and 5) Social-
Environmental Support, is designed to provide a structured and locally relevant framework for 
developing effective overweight prevention strategies in this target population. 
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Conceptual Framework 

 
Figure 1 Conceptual Framework 

 
Methodology  

This part introduces the fundamental ideas of research design, population and sample size 
determination, data collection methods, research instrument preference, and data analysis 
techniques. The provided information is outlined as follows:  

Research Design  
This study employed a cross-sectional survey combined with a mixed-methods approach 

for model development and expert consensus (Delphi technique). The primary outcome was 
overweight status, defined according to Chinese guidelines as BMI ≥24 and <28 kg/m². Key 
predictors included dietary patterns, physical activity levels, sleep quality, psychological factors, 
and cognitive perceptions, with covariates encompassing age, sex, and socioeconomic status. 

Population and Sample Size  
The target population comprised middle-aged adults (40-59 years) residing in Yuncheng City 

for at least one year. Exclusion criteria included pregnancy, severe chronic illness, and inability to 
complete the questionnaire. Based on municipal health records, the estimated eligible population 
(N) was 500,000. Using Taro Yamane's formula (n = N / [1 + N·e²]) with a 5% margin of error (e = 
0.05), the minimum required sample size was 397. Accounting for potential non-response, we 
recruited 413 participants through stratified random sampling from health centers, achieving a 
final sample of 402 respondents (response rate: 97.3%). 

Data Collection  
Data collection occurred between March and June 2024 through three phases: (1) Survey 

administration by trained researchers in community centers. (2) In-depth interviews with five 
purposefully selected experts (45-60 minutes each), audio-recorded and transcribed. (3) Two-
round Delphi process with 19 experts from preventive medicine, nutrition, sports science, and 
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psychology (retention rate: 100%), conducted anonymously through electronic surveys with 
three-week intervals. 
 Research instrument  

The study utilized multiple instruments: (1) A structured questionnaire adapted from 
validated health surveys, translated through forward-backward translation procedures. It 
contained sections on demographics, dietary habits, physical activity, sleep quality, and 
psychological factors, using primarily 5-point Likert scales. (2) Semi-structured interview guides for 
expert interviews, developed through a literature review. (3) Delphi questionnaires with structured 
rating scales for model validation. 

Instrument Validation 
The questionnaire underwent pretesting (n=30) to establish reliability (Cronbach's α >0.7). 

Content validity was assessed by five health experts. For the Delphi process, we established a 
priori consensus thresholds: median ≥4.0 on a 5-point scale, IQR ≤1.0, and coefficient of variation 
(CV) <0.15. 

Data Analysis  
Descriptive statistics (means, standard deviations, frequencies) with 95% confidence 

intervals. Delphi consensus metrics: median, IQR, CV, for agreement, and stability between rounds. 
 
Results 

An analysis of the Delphi survey results from 19 experts revealed that the median and 
interquartile range (IQR) values for all elements of the model framework were greater than 3.50, 
with IQR values less than 1.50. The coefficient of variation (CV) values are all less than 0.15. This 
indicates that the health behaviour model for middle-aged overweight individuals in Yuncheng 
City is composed of the aforementioned five aspects. In summary, the model established by the 
researchers is accurate and reliable and can be put into practice. 
 
Table 2 Results of the third round of the Delphi method 

N O Content 
N=19 

Mdn. IQR CV 
1 Healthy eating behaviour methods 5.00 0 0.06-0.10 
2 Scientific physical activity behaviour 4.00-5.00 0-1.00 0.08-0.11 
3 Psychology and Cognitive Behaviour 5.00 0-1.00 0.05-0.11 
4 Sleep and lifestyle adjustment methods 4.00-5.00 0-1.00 0.06-0.11 
5 Social and environmental support 4.00-5.00 1.00 0.10-0.13 
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 Midlife Overweight Population Five-Dimensional Interactive Health Behaviour Model 
 (MOP-FDIHBM) 

 
Figure 2 Health Behaviour Model for the Prevention of Overweight in Middle-aged People in 

Yuncheng City 
Discussion 
 Major Findings  
 This study aimed to develop and validate a multidimensional health behaviour model for 
overweight prevention among middle-aged adults in Yuncheng City. The key findings indicate that 
overweight status in this demographic is influenced by a cluster of interrelated factors: high-energy 
dietary habits, low-intensity physical activity, late-night activities that disrupt the body’s metabolic 
regulation, and a lack of social-environmental support. Through a series of Delphi rounds, we 
reached consensus on the five dimensions of the MOP-FDIHBM model, with 28 elements 
demonstrating strong validation from the expert panel. 
 Interpretation and Support From Literature  
 Upon analysing the study results, some were in line with existing studies, while others were 
not.  
 For elements that align with established research, the study found a strong correlation 
between high-energy diets and overweight status, which is consistent with findings from 
Mediterranean diet studies showing protective effects against obesity (Guasch-Ferré et al., 2021). 
However, this is expressed in the local context as a high proportion of noodles in the diet in 
Yuncheng. Likewise, while the study participants confirmed the benefits of moderate-intensity 
exercise for metabolic health, as widely reported in the literature (Batrakoulis et al., 2022), they 
also identified low-intensity daily activities, such as commuting habits, as significant contributors 
to physical activity, expanding the traditional focus on structured exercise. 
 For other elements, while the psychological dimension of the model identified a 
“knowledge-behaviour gap” that mirrors the one reported by Casazza et al. (2020), the study also 

https://so03.tci-thaijo.org/index.php/IARJ/index
https://doi.org/10.60027/iarj.2026.e288473


 

Interdisciplinary Academic and Research Journal, 6 (4), July-August 2026 
Old ISSN 2774-0374: New ISSN 2985-2749 

Website: https://so03.tci-thaijo.org/index.php/IARJ/index 

Article ID: e293461  

  

  

 

 

 

[10/15] 
Citation: 

Zhou, F., & Leethong-in, P. (2026). Development of Health Behaviour Model for Overweight Prevention of Middle Age 
in Yun Cheng City, the People’s Republic of China. Interdisciplinary Academic and Research Journal, 6(4), e293461; 

DOI: https://doi.org/10.60027/iarj.2026.e293461 

 

revealed that, despite a high level of risk awareness among participants, self-efficacy for 
behavioural change was low, which was not observed by Casazza et al. This finding indicates that 
cognitive interventions might not be effective for people who have been living with established 
lifestyles for a long time and that psychological principles should be combined with 
environmental modifications. 
 The study’s findings on sleep were largely in agreement with the available meta-analyses 
(Cappuccio et al., 2023), yet provided specific insights into its patterns and related factors among 
the middle-aged population in Yuncheng. In particular, the connection between late-night 
activities and metabolic disruption may be associated with the unique social and cultural 
dynamics of the region, including its dietary customs. Notably, a study by Mohd-Sidik et al. (2021) 
highlighted that lifestyle and behavioral factors—including irregular eating patterns—are 
significant risk factors for obesity among adults in Malaysia. Similarly, in Yuncheng, we also 
observed other associated elements of social lifestyle, such as staying up late, which is typical for 
residents of all age groups in this city. 
 The emphasis on social-environmental support in our model is consistent with findings from 
global research on neighborhood and lifestyle influences on obesity (Keramat et al., 2021) and 
was particularly strongly expressed by the study participants. This finding was associated with the 
high prevalence of cardiovascular diseases in families in this region. As this health outcome was 
traditionally attributed to genetic predispositions among the residents, we hypothesize that the 
element may also reflect shared behavioral factors. This would also mean that family-based 
interventions can be particularly successful in this cultural context. 
 Applications and Recommendations  
 In terms of the applications of the 28 elements of the model, the authors can see various 
directions for public health practice: 
 Individual (health care provider) level: The developed MOP-FDIHBM model can be used as 
a multidimensional behavioural screening checklist that health care providers can utilise when 
meeting with patients for a regular check-up, in addition to traditional anthropometric 
measurements, including body mass index. The 28 items can be used to guide individual patient 
counselling when addressing health-related behaviours. In this context, health care professionals 
can move beyond standard general recommendations to overweight prevention and 
improvement of health-related behaviour and focus on providing concrete individualised advice. 
 Community level: The social-environmental dimension of the developed model can be 
applied when community planners think about how to optimally use resources in this area. In 
this regard, the element of the availability of fitness facilities can be implemented by adding a 
fitness room to a new residential building. The healthy food environment element in 
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supermarkets in this model can be applied in the daily operations of this entity to optimise the 
local product offering. 
 Policy level: At the policy level, the model’s application can be related to the development 
of a complex approach to preventing overweight in this age group. In this context, the MOP-
FDIHBM model can support the coordination of individual, family, and community levels of 
influence on health-related behaviours, which, in the long run, can help to relieve the burden on 
the healthcare system. 
 Study Strengths and Limitations  
 The main strengths of the study are as follows: 1) a mixed-methods study design, which we 
believe is rare for a similar study question, as it enabled the investigation of the proposed problem 
through different types of data (quantitative and qualitative) and analytical approaches; 2) the 
use of a series of Delphi rounds, which we think is novel in the study of health behaviour change 
in this population, and which allowed us to carefully work with the expert panel and track changes 
in the elements of the model at all stages; 3) the development of a multidimensional health 
behaviour model for overweight prevention with reference to a specific cultural context. The 
limitations include: 1) the cross-sectional survey design, which does not allow determining causal 
relationships; 2) the use of self-reported data, which is susceptible to recall and social desirability 
biases; 3) although the expert panel involved in the Delphi process represented a multidisciplinary 
group, we cannot exclude the possibility of missing relevant specialists, for example, a 
biostatistician; 4) the city-specific nature of the study, which we think limits its generalisability to 
other regions. 
 We see the following as future research directions: 1) a follow-up study with a longitudinal 
design to determine causal relationships between identified elements of the health behaviour 
model and overweight status, as well as to track the dynamics of the key components of the 
model over time; 2) a more in-depth examination of the physical activity element with objective 
measurements and a closer look at sleep, as well as the use of both subjective and objective 
data; 3) a validation study of the developed model in several Chinese cities of different levels 
and types; 4) the psychometric validation of the MOP-FDIHBM model and its testing in intervention 
studies. 
 
Conclusion  

This study developed and content-validated the Multidimensional Overweight Prevention 
Health Behaviour Model (MOP-FDIHBM), a structured framework for addressing overweight among 
middle-aged adults in Yuncheng City. The model integrates 28 specific elements across five core 
dimensions: Healthy Eating Behaviors (7 elements), Scientific Physical Activity (6 elements), 
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Psychological and Cognitive Adjustment (4 elements), Sleep and Lifestyle Modification (4 
elements), and Social-Environmental Support (7 elements). Expert consensus confirmed the 
model's relevance and local applicability, with high content validity scores supporting its 
conceptual foundation. 

As a content-validated conceptual framework, the MOP-FDIHBM requires further 
psychometric testing and empirical validation through intervention studies to establish its 
predictive utility and effectiveness. Future research should focus on operationalizing the model 
elements into measurable indicators, testing its implementation in real-world settings, and 
evaluating long-term outcomes related to weight management and chronic disease prevention. 
This model represents an initial step toward developing comprehensive overweight prevention 
strategies tailored to the needs of middle-aged adults in northern China's urban environments. 
 
Recommendation  

Individual-Family Level: Health behaviour interventions should establish a collaborative 
support system. For middle-aged and elderly participants, structured self-assessment, 
personalized health education, and simplified self-monitoring tools (e.g., health journals) should 
be utilized to enhance health awareness, while fully considering cognitive and physical limitations. 
Family members, as key supporters, should receive systematic training to master evidence-based 
support strategies, including guiding healthier dietary choices while respecting traditional eating 
habits (e.g., wheat-based cuisine in Yuncheng), safely encouraging physical activity, and fostering 
a home environment conducive to regular routines. Regular family counseling sessions can 
strengthen this support network, ensuring intervention sustainability while addressing 
individualized challenges during implementation to facilitate effective transformation from 
cognition to behaviour.  

Community-Institutional Level: A closely coordinated network-based support system should 
be established between the community and institutional levels. At the community level, priority 
should be given to building exercise facilities, safe walking paths, and healthy food environments, 
while maintaining intervention engagement through group activities and health workshops at 
community centers. Healthcare institutions and professional organizations should provide 
standardized technical support, including developing service protocols, training culturally 
sensitive professional teams, and establishing a full-chain service mechanism covering screening, 
intervention, and referral. A dynamic quality monitoring system is particularly crucial to ensure 
the professionalism and sustainability of community programs through resource allocation, 
ultimately forming a virtuous cycle where “communities provide settings, institutions empower 
expertise.”  
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Policy-Environment Level: At the government policy and environmental support level, a 
top-down systemic framework must be constructed. Government agencies should develop 
comprehensive policy systems encompassing funding mechanisms, healthcare coverage, and 
regulatory measures, providing institutional safeguards through initiatives such as special funds 
and preventive intervention insurance coverage. Cross-departmental coordination mechanisms 
should be promoted to integrate health, social services, and community development resources, 
while establishing city-wide health data monitoring and evaluation systems. For environmental 
improvements, the focus should be on creating age-friendly public spaces and community 
environments, including optimized walkway safety designs, enhanced public sports facilities, and 
senior-friendly food labeling, supported by corresponding service standards and management 
regulations. Through a “policy guidance-environmental enhancement-service provision” tripartite 
model, a sustainable macro-level support ecosystem can be created for health behaviour 
interventions. 

Future research 
Future work should focus on implementing and empirically testing the model's 

effectiveness in real-world settings, with particular attention to its long-term sustainability and 
potential adaptation to similar populations in northern China. 
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