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Objectives: The aim of the study was to to uncover the factors influencing the

initiation and maintenance of health behaviors indiabetes mellitus (DM) patients,

utilizing baseline data from a randomized controlled trial to construct a structural

equation model based on the Multi-Theory Model (MTM) and Health Action

Process Approach (HAPA) scales.

Methods: The study recruited participants with type 2 diabetes, aged between 18

and 75 years, from 45 distinct locations in Beijing, China.Patients [N = 406, n = 232

(57.1%) females, n = 232 (42.9%) males; Mean (SD) age = 56.7(10.9)] completed self-

reported questionnaire about constructs from integrated theories concerning health

behavior. To test the associations between the variables, structural equation

modeling with latent variables was employed. Based on the path coefficients of

Structural Equation Modeling(SEM), we verified all the hypotheses.

Results: Disadvantages, Advantages, Self-efficacy for Initiating Behavior, and

Changes in Physical Environment are all prove to have an effect on intention, with

the effect of Disadvantages being negative. Intention positively influenced Action

Planning and Coping Planning, both of which in turn significantly predicted Initiation

of Behavior Change. Practice for change, Emotional Transformation, Changes in

Social Environment, and Self-efficacy for Sustaining Behavior were all affected by

Outcome Expectancies and Risk Perception positively. Meanwhile, Practice for

change, Emotional Transformation, Changes in Social Environment and Self-

efficacy for Sustaining Behavior- would have a significant predictive effect on

Maintenance of Behavioral Change.

Conclusion: The empirical evidence from this study robustly validates the

majority of its theoretical constructs, affirming that MTM-HAPA possess

significant explanatory capability in delineating the factors that underpin both

the Maintenance of health-related behaviors and the Initiation of Behavior

Changes in individuals suffering from DM.
KEYWORDS

health behavior, diabetes mellitus, multi-theory model of health behavior change,
health action process approach, psychology
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1 Introduction
Diabetes Mellitus (DM) is a multifaceted clinical syndrome that

arises from a combination of genetic predispositions and

environmental influences. It is characterized by an absolute or

relative deficiency in insulin secretion, as well as a diminished

cellular response to insulin, which leads to various metabolic

disruptions (1). According to the 10th edition report of the

International Diabetes Federation (IDF), the global challenge of

diabetes is intensifying, with the number of affected adults aged 20-

79 reaching 537 million in 2021. This figure is projected to increase

to 643 million by 2030. Particularly in China, the prevalence among

this age group was recorded at 140 million in 2021, and is expected

to surge to 174 million by 2045 (2). The persistent rise in diabetes

cases over the past three decades highlights its growing impact on

public health and its substantial economic toll on societies

worldwide. In 2021 alone, the global healthcare expenditures

associated with diabetes neared one trillion US dollars, with

China bearing a significant portion of these costs, approximately

16.5 billion US dollars (3).

Diabetes is a chronic condition that, while manageable, remains

incurable (4). It is often accompanied by a variety of long-term

complications, such as diabetic retinopathy, nephropathy, neuropathy,

and diabetic foot disease (5). These complications not only pose a

significant challenge to patients in implementing effective blood sugar

management, but also severely impact their mental health, often leading

to emotions (6) such as depression, sadness, and irritability. These

psychological burdens (7) not only weaken patients’ ability to interact

socially (8), reducing the quality of their daily lives (9), but may also

diminish their willingness to follow treatment plans, thereby hindering

effective blood sugar control (10, 11) and the overall progression of the

disease (12, 13). Studies have shown that people with diabetes are twice

as likely to suffer from depression as the general population, and

psychological distress is closely related to difficulties in self-managing

diabetes and controlling the disease (14, 15). Therefore, numerous

research projects are dedicated to improving the health behaviors of

people with diabetes, with the aim of enhancing their long-term health

outcomes (16). Nonetheless, sustaining these behavior changes post-

discharge remains a significant hurdle, with patients often reverting to

their initial behavior patterns within months (17). Thus, developing

innovative approaches to reshape patients’ health beliefs, promoting

sustained behavior modifications, and supporting the adoption of

healthy, sustainable lifestyles are essential (18). Enhancing patient self-

efficacy and fostering enduring health behaviors are now paramount

public health goals that require national and international attention.

The Multi-Theory Model (MTM) is an emerging behavioral

theory model designed by Sharma in 2015. Since the advent of

MTM, researchers from various countries have validated it in

different populations (19), focusing mainly on exercise, healthy

eating, substance addiction management, mental health, and

medical adherence. Their research has yielded good results,

indicating that MTM can be used for different populations, but its

effectiveness for diabetes remains unknown. However, there are still

some limitations to using these theories to explain the key factors of

behavioral variables. Most MTM studies have focused on the
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initiation and maintenance stages of exercise behavior, with few

studies assessing the impact of the behavioral volition stage. It is

worth noting that health behavior change is a behavior that requires

persistence, and determining the factors that affect the maintenance

of health behavior is important. Therefore, it is necessary to develop

relevant behavioral theories to guide the behavior change and

maintenance of diabetic patients. The Health Action Process

Approach (HAPA) is a new health behavior stage theory

proposed by Schwarzer. It has been used in many health behavior

studies to determine the psychological determinants of health

behavior. The theory includes the motivation phase and the

volition phase. In the motivation phase, an individual’s intention

to perform a certain behavior is influenced by task self-efficacy (an

optimistic belief), outcome expectations (whether a person believes

that a certain behavior will lead to desired changes), and risk

perception (the perceived health threat or the concern that needs

to mobilize action). The volition phase includes action plans

specifying when, where, and how to perform the behavior, and

coping plans to avoid anticipated obstacles. The HAPA model

shows that behavior depends not only on action and coping plans

but also on the perceived ability to persist in behavior (self-efficacy

for sustaining behavior) and to cope after ending the behavior

(recovery self-efficacy). Therefore, this study takes the MTM

structure as the main model, combining HAPA’s task self-efficacy

and self-efficacy for sustaining behavior with MTM’s self-efficacy

for Initiating behavior and confidence in maintaining behavior, and

applies it to diabetic patients. This study integrates MTM and

HAPA to form the MTM-HAPA model. In order to explore the

factors affecting the initiation and maintenance of health behaviors

in diabetic patients based on the integrated model, and to provide a

theoretical basis for the development of multi-dimensional,

personalized interventions. The main hypotheses are as follows:

During the initial stage of behavior initiation, the advantages of

behavior change, changes in the physical environment, and self-

efficacy for Initiating behavior are positively correlated with

behavioral intention(H1, H3,H4). The disadvantages of behavior

change are negatively correlated with behavioral intention(H2). The

disadvantages of behavior change are negatively correlated with

self-efficacy for Initiating behavior(H5).Behavioral intention is

positively correlated with action plans and coping plans(H6,H7).

Action plans and coping plans are positively correlated with the

initiation of behavior change(H8,H9). In the maintenance stage of

behavior initiation, risk perception, outcome expectations are

positively correlated with self-efficacy for sustaining behavior,

changes in the social environment, practice for change, and

emotional transformation(H10-H17). self-efficacy for sustaining

behavior, changes in the social environment, practice for change,

and emotional transformation are positively correlated with the

maintenance of behavior change(H18-H21).
2 Theoretical basis

Health behavior encompasses proactive strategies adopted by

individuals to ward off diseases and maintain optimal health (20).

These strategies include altering detrimental lifestyles such as
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smoking, excessive alcohol consumption, poor dietary habits, and

engaging in unprotected sexual activities. Conversely, it involves

cultivating beneficial practices like regular physical exercise,

frequent health check-ups, and adherence to medical advice (21).

In the realm of health education and promotion, Sharma’s

exploration of multigenerational health behavior improvement

programs reveals that despite the existence of various models

aiming to enhance health behaviors, the complexity of factors

influencing these behaviors meant that the initial three

generations of models did not provide a comprehensive

explanation (22). The latest, fourth-generation Multi-Theory

Model (MTM) offers a more detailed analytical framework by

amalgamating multiple theories, addressing both the initiation

and maintenance of health behaviors through a layered

conceptual approach, aiming to foster long-term changes (23).

The MTM is bifurcated into two main components: initiation

and maintenance of behavior change. Sharma highlights the

necessity of distinguishing between these phases since the factors

influencing them differ significantly, and previous models lacked

the specificity to separately predict these dynamics. For initiating

behavior changes, the MTM identifies three pivotal factors:

participatory dialogues, behavior confidence, and modifications in

the physical environment. For maintaining behavior changes, it

emphasizes emotional transformation, practice alterations, and

shifts in the social environment (24). Although these components

are related and demonstrate some consistency across the stages of

behavior change, they are considered independent in their capacity

to predict and facilitate health behavior modifications.

Despite the MTM model’s robust framework and its success in

elucidating health behavior changes, it does not adequately address

the development of behavior skills. For instance, the practice of

standardized blood glucose monitoring, as well as the capacity for

effective communication and interaction with others to secure

support and resources, are crucial components of behavior skills

in health interventions. Most prior research has concentrated on the

motivational aspects of health behaviors, largely overlooking the

volitional phases—those that involve the actual enactment and

persistence of behavior changes. Given that health behavior is

inherently action-oriented and requires sustained effort,

identifying factors that bolster the maintenance of health

behaviors is imperative. This gap underscores the need for an

expanded theoretical framework that not only guides the

initiation but also the ongoing maintenance of health behaviors,

ensuring more holistic and effective health interventions.

The Health Action Process Approach (HAPA) theory,

conceptualized by German psychologist Schwarzer in 1992, is an

extension of Bandura’s self-efficacy theory (25). HAPA posits that

health behavior change is a sequential process comprising two

phases: motivational and volitional. The motivational phase

involves the transition from no intention to behave in a certain

way to the formation of that intention. This is influenced by an

amalgamation of factors including self-efficacy, expected outcomes

of behavior, and perceptions of disease risk. The volitional phase, on
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the other hand, is where intentions are translated into concrete

actions. This phase is further categorized into preparation and

action/maintenance stages. Challenges such as distractions,

external environmental influences, and uncontrollable factors can

disrupt this phase. However, individuals endowed with strong self-

efficacy are more equipped to navigate these challenges and resume

their intended behaviors. Notably, HAPA distinguishes between

two types of self-efficacy: action self-efficacy and self-efficacy for

sustaining behavior. Action self-efficacy, relevant in the pre-action

motivational phase, represents the optimistic belief about achieving

success and envisaging the outcomes of various strategies before

actual behavior occurs. Conversely, self-efficacy for sustaining

behavior, pertinent to the post-action volitional phase, involves

confidence in one’s ability to sustain the behavior amidst obstacles.

Recent meta-analytical evidence supports the efficacy of HAPA in

predicting health behaviors, particularly through mechanisms like

planning and self-efficacy structures (26). The theory

comprehensively delineates the intricacies of transitioning from

motivational genesis to actual behavioral execution, accentuating

the pivotal role of planning as a mediator and the critical influence

of self-efficacy at each stage (27). While HAPA provides a robust

framework for understanding the stages of behavior change,

including the formation of behavioral intentions, it does not

thoroughly elucidate the direct mechanisms by which these

variables induce actual behavior change.

Current scholarly discourse places substantial emphasis on the

theoretical foundations necessary for explaining and enhancing

health behaviors. Nevertheless, the application of these theories

frequently suffers from a narrow focus, missing a holistic

perspective (28). The factors influencing health behaviors are

myriad and multifaceted, thereby challenging any single

theoretical framework to encompass all aspects comprehensively.

While various theories are utilized in population health behavior

interventions—each with distinctive features—their explanatory

and predictive capacities, particularly regarding the initiation and

maintenance of behaviors, remain inadequate. Both HAPA and the

MTM share structural similarities in their focus on behavior change

and maintenance, yet they differ in their treatment of influencing

factors and outcome variables. HAPA incorporates mediating

variables that bridge the gap from behavioral intention to action

—including action planning and coping planning. In contrast,

MTM lacks these mediating variables, which HAPA addresses,

effectively filling this theoretical void. Nonetheless, despite its

strengths, HAPA lacks a detailed account of how exactly these

mediating variables facilitate the transition to concrete behavioral

change, indicating a potential area for further theoretical refinement

(29). The insights from MTM complement this by elucidating the

antecedents of intention formation, thereby enhancing the overall

understanding of behavior change mechanisms.Therefore, this

study integrates and analyzes the factors influencing the

transformation and maintenance of health behaviors in diabetic

patients based on the MTM-HAPA theoretical framework, with the

aim of laying a foundation for improving patients’ health behaviors.
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3 Materials and methods

3.1 Study design and setting

The study was conducted in 45 community health centers in

Beijing, China, with the community health centers serving as the

units of randomization. Each community health center included 8-

10 patients with T2DM. Staff from the community health centers

were responsible for recruiting participants. A total of 406 patients

with DM voluntarily participated in our programme. Participants

were given oral and written information about the purpose, method,

and time schedule of the study, and they signed an informed

consent form. Then they filled out the questionnaire. A personal

code was matched to each participant to ensure anonymity (30).

and we used baseline data to construct a structural equation model.

To ensure a representative sample, we initially utilized whole cluster

sampling to select two districts, Daxing and Shunyi, from among

the 18 districts and counties of Beijing. These districts were

approached for permission to conduct the study, and both

provided affirmative responses. Consequently, a total of 45

communities in Daxing and Shunyi participated —25 from

Shunyi and 20 from Daxing.

Recruitment of participants was carried out in these 45

communities. Local enumerators were enlisted for the survey, and

prior to data collection, they received extensive training on

sampling methods, the operation of research tools, and quality

assurance procedures. A preliminary mock survey was conducted to

reinforce the training and ensure proficiency in survey

implementation. Only enumerators who strictly adhered to the

established protocols were allowed to collect data.

For participant outreach, various methods were used including

telephone calls, face-to-face meetings, and digital platforms.

Potential participants were fully informed about the study’s

purpose, methodology, and timeline either verbally or through

written materials. Participation required signing an informed

consent form, which detailed the study’s procedures and affirmed

the participants’ comprehension and consent. Participants were

assured of their right to withdraw from the study at any time

without penalty, especially if they experienced any discomfort.

To maintain anonymity and protect privacy, the research

questionnaire did not include participants’ names but used

unique identification numbers instead. During the survey,

investigators directly collected critical physical data from

participants, such as glycated hemoglobin levels and body mass

index. This data collection was complemented by the

administration of questionnaires to capture a broad spectrum of

health-related information, adhering to stringent confidentiality

and ethical guidelines. This comprehensive approach ensured the

integrity and reliability of the data collection process.
3.2 Participants

The criteria for participant inclusion and exclusion in this study

were meticulously defined. Inclusion criteria encompassed: (1)
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diagnosis of type 2 diabetes mellitus adopts the T2DM diagnostic

criteria: (fasting plasma glucose≥7.0 mmol/L or 2 h plasma

glucose≥11.1 mmol/L or HbA1c≥6.5%) (31), as evidenced by

fasting blood glucose levels exceeding 7.0 mmol/L, OGTT 2-hour

blood glucose levels surpassing 11.1 mmol/L, or average glycated

hemoglobin (HbA1c) exceeding 6.5%; (2) age between 18 and 75

years; (3) residency within Beijing City, with absences from the

domicile not exceeding one month per year; (4) no history of

psychotropic medication usage prior to enrollment; (5) proficiency

in using a smartphone and familiarity with the basic functions of

WeChat; (6) voluntary participation and completion of the

informed consent form. Exclusion criteria included: (1) type 1

diabetes mellitus, gestational diabetes, or secondary diabetes; (2)

serious cardiovascular, cerebral, renal, ocular, pedal, or neurological

complications (e.g., proliferative retinopathy, stage IV nephropathy

or higher, creatinine levels above 2 mg/dl, cardiac function class III

or lower, sequelae of cerebrovascular accidents, diabetic foot grade I

or higher); (3) issues with mobility, confusion, or mental anomalies;

(4) current or recent (within the last six months) cancer patients

who have undergone radiotherapy or chemotherapy; (5)

participation in other similar research projects; (6) unwillingness

to cooperate. This targeted approach ensured the recruitment of a

specific participant demographic, crucial for the study’s objectives.

The requisite sample size for structural equation modeling is

generally recognized to fall within the range of 250 to 500

participants (32). This range is deemed appropriate, particularly

in studies involving more than ten variables. In the current

investigation, data were collected from 406 participants across 45

communities within the Daxing and Shunyi districts of Beijing. This

sample size not only falls well within the recommended range but

also ensures the stability of parameter estimation and enhances the

statistical power of significance tests conducted within the study.

Prior to the survey, preliminary verification was conducted to

ascertain that all participants met the specified inclusion criteria.

Additionally, data quality was rigorously assessed post-survey to

address and rectify any instances of incorrect or incomplete data

entries. Consequently, the dataset comprising information from all

406 participants was deemed comprehensive and was included in

the final analysis, thereby bolstering the validity of the study’s

findings. This study was conducted in strict adherence to the

relevant EQUATOR checklist.
3.3 Theoretical integration

Figures 1, 2 depict the theoretical research framework of our

study, designed to deepen our comprehension of the factors that

prompt behavior change in patients with diabetes. This study

intends to establish an integrated MTM-HAPA model and verify

the assumptions of the structure and stages of this theoretical

model, with the aim of laying the foundation for improving the

health behaviors of diabetic patients. Since the MTM and HAPA

theories have complementary structures, this study combines the

two to explain the health-related behaviors of T2DM patients,

forming an MTM-HAPA theoretical framework that includes 15

variables such as a two-way dialogue on the advantages and
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disadvantages of initiating behavior change, changes in the physical

environment, self-efficacy for initiating behavior, behavioral

intention, action planning, coping planning, initiation of behavior

change, risk perception, outcome expectancies, self-efficacy for

sustaining behavior, emotional transformation, practice for

change, changes in the social environment, and maintenance of

behavioral change. This framework integrates and analyzes the

factors affecting the transformation and maintenance of health

behaviors in T2DM patients, aiming to lay the foundation for

improving patients’ health behaviors. The integration of the two

theories focuses on the following three aspects:
Fron
1. Integration of Constructs: We incorporated specific

constructs from HAPA into the MTM framework that

were previously overlooked in the original models. This

inclusion aims to enrich our understanding of the dynamics

influencing behavior change in patients. Notably, the

concept of behavioral intention from HAPA has been
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added to provide a more nuanced perspective on the

factors that shape patients’ behavior changes.

2. Conceptual Distinction of Self-Efficacy and Behavior

Confidence: In HAPA, self-efficacy refers to the patients’

current confidence in their ability to change behaviors. In

contrast, MTM emphasizes the development of healthy

behavior habits over time. MTM’s ‘behavior confidence’

extends this concept by focusing on the certainty of future

behaviors, rooted in one’s self-cognition. This shift from

immediate to future-oriented confidence is crucial as

behavior confidence, compared to self-efficacy, offers a

more robust framework for explaining both the change

and maintenance of behaviors.

3. Redefinition of Behavioral Phases: HAPA elaborates on the

roles of action self-efficacy, coping self-efficacy, and

recovery self-efficacy throughout the phases of behavior

generation, maintenance, and recovery. Conversely, our

study, influenced by the structural framework of MTM,
FIGURE 1

Theoretical integration of MTM-HAPA (Healthy behavior initiation).
FIGURE 2

Theoretical integration of MTM-HAPA (Healthy behavior maintenance).
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Fron
bifurcates behavior into ‘initiation’ and ‘maintenance’

phases. Consequently, we have aligned the study’s

framework by incorporating only the self-efficacy related

to action and maintenance. This alignment ensures that our

model effectively captures the nuances of initiating and

sustaining behaviors in diabetic patients.
These adaptations allow for a more precise evaluation of the

theoretical constructs and their applicability in predicting and

understanding behavior changes in diabetic individuals,

enhancing the theoretical robustness and practical relevance of

our model.
3.4 Measurement

The research incorporated 15 variables derived from the MTM

proposed by Sharma (33) and the HAPA (34) theory developed by

Schwarzer. To elucidate the factors influencing the initiation and

maintenance of behavioral change, these variables were strategically

distributed into two models. Model 1 integrated eight of these

variables to assess their impact on the Initiation of Behavior

Change. Conversely, Model 2 included seven variables to examine

their influence on the sustenance and maintenance of behavioral

changes. The assessment of all variables was conducted using a five-

point Likert scale, facilitating a nuanced understanding of the

motivational and process-oriented factors contributing to health-

related behavioral modifications. The variables are described in

Tables 1, 2.

These variables collectively aim to provide a comprehensive

understanding of the factors influencing the persistence of health

behavior changes, integrating both motivational and practical

considerations. Table 3 shows the specific content of the scale.

The scale has good reliability and validity, with a Cronbach’s alpha

coefficient of 0.955. The results of the confirmatory factor analysis

can be seen in Table 4.

Beyond the 15 core variables, our questionnaire meticulously

gathered fundamental demographic and health-related information

about the participants. This encompassed gender, age, glycosylated

hemoglobin levels, ethnicity, body mass index (BMI), per capita

monthly household income, household registration, and health

insurance status. To bolster the questionnaire’s reliability and

validity, we engaged experts across multiple disciplines—clinical

medicine, public health, psychology, behavioral science, and

statistics. These specialists evaluated the questionnaire’s content

validity, ensuring that it comprehensively covered the necessary

domains pertinent to our study. Through this collaborative,

interdisciplinary review, we confirmed the reliability and usability

of the questionnaire, laying a solid foundation for the integrity and

accuracy of our data collection process. This rigorous approach

underscores our commitment to generating robust, actionable

insights into the health management behaviors of individuals

with diabetes.
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3.5 Data analyses

The study’s data were digitized and analyzed using IBM SPSS

v25.0 software. Initial steps included performing descriptive

statistics to summarize the dataset and conducting reliability tests

using Cronbach’s alpha coefficient to assess the consistency of the

questionnaire items. Correlation analyses were subsequently carried

out to determine the relationships among variables, employing the

Pearson’s correlation coefficient for this purpose.

For a more in-depth examination of the measurement model’s

validity, Confirmatory Factor Analysis (CFA) was conducted using

Amos 21.0 software, focusing on evaluating both convergent and

discriminant validity. Structural Equation Modeling (SEM) was then

utilized to analyze the hypothesized pathways within the model.

Commonly accepted criteria for SEM evaluation were applied,

including Chi-square/degrees of freedom (c²/df), Goodness-of-Fit
Index (GFI), Comparative Fit Index (CFI), Root Mean Square Error

of Approximation (RMSEA), Normal Fit Index (NFI), Tucker-Lewis

Index (TLI), and Incremental Fit Index (IFI). These analyses were

rigorously performed in accordance with established guidelines.
4 Results

4.1 Resource identification initiative

Table 4 delineates the foundational demographics and health

metrics of the study cohort. Initial analysis of gender composition

reveals a relatively equitable distribution, with males constituting

42.9% and females 57.2%. The participants’ mean age was notably

elevated, averaging 56.7 ± 10.9 years. In terms of glycemic

management, the HbA1c level stood at 7.4, accompanied by a

significant standard deviation of 1.6, indicating variability in

diabetes management across the sample. BMI data revealed that

29.6% of participants fell within the normal range, whereas 37.4%

and 32.3% were categorized as overweight and obese, respectively,

with a minimal underweight fraction of 0.74%. Financially, a

majority (55.4%) reported a per capita monthly household

income between 3001 to 6000 CNY, and 29.6% earned 3000 CNY

or less. Regarding domicile registration, 60.8% were classified as

non-agricultural, contrasting with 39.2% as agricultural residents.

Health insurance status showed that a predominant 94.6% were

beneficiaries of Beijing health insurance, whereas 2.7% were

uninsured, and an equal percentage were covered by non-local

health insurance policies. This information is exhaustively cataloged

in Table 5.
4.2 Reliability analysis

This study utilized the Cronbach’s a coefficient to evaluate the

reliability of the questionnaire, aiming to ensure its consistency and

stability across various dimensions. The analysis presented in Table 6
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TABLE 1 The scale description of MTM-HAPA theory in model 1.

Scoring
Method

Scoring
Range

Scoring Meaning Adapted From

5-point
Likert scale

1-5
Higher scores indicate better self-

management by the patient.
Sharma et al. (2017) (49)

5-point
Likert scale

1-5
Higher scores indicate lower self-

management by the patient.
Sharma et al. (2017) (49)

5-point
Likert scale

1-5
Higher scores indicate better self-

management by the patient
Schwarzer (2016) (34)

5-point
Likert scale

1-5
Higher scores indicate better self-

management by the patient
Sharma (2015) (33)

5-point
Likert scale

1-5
Higher scores indicate better self-

management by the patient
Schwarzer (2016) (34)

5-point
Likert scale

0-4
Higher scores indicate better self-

management by the patient
Schwarzer (2016) (34)

5-point
Likert scale

0-4
Higher scores indicate better self-

management by the patient
Schwarzer (2016) (34)

5-point
Likert scale

1-5
Higher scores indicate better self-

management by the patient
Sharma (2015) (33)
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Theoretical
dimension

Variable Name
Focused Measurement

Content
Theoretical
Source

Model 1

Participatory
Dialogue:
Advantage

Advantage
Perceived benefits of engaging in

daily health management
behaviors across five key areas

MTM

Participatory
Dialogue:

Disadvantage
Disadvantage

Perceived disadvantages of
engaging in daily health

management behaviors across five
key areas

MTM

Behavioral
Confidence

Self-efficacy for Initiating Behavior

Participants’ confidence in their
ability to initiate health

management behaviors under
varying conditions of
perceived difficult

MTM & HAPA

Changes in
Physical

Environment
Changes in Physical Environment

Degree of health management
conducted by participants across
three distinct physical settings

MTM

Intention Intention

Extent of participants’
commitment to partake in diverse

health-related behaviors over
forthcoming periods

HAPA

Action Planning Action Planning
Thoroughness and clarity of

participants’ plans for initiating
health management:

HAPA

Coping Planning Coping Planning

The extent to which participants
understand how to develop
coping strategies and plans to

maintain their health
management behaviors when
facing specific challenges

or obstacles.

HAPA

Initiation of
Behavior Change

Initiation of Behavior Change
Likelihood of consistently

engaging in health management
practices moving forward

MTM
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TABLE 2 The scale description of MTM-HAPA theory in model 1.

Theoretical
dimension

Variable
Name

Focused Mea-
surement
Content

Theoretical
Source

Scoring
Method

Scoring
Range

Scoring
Meaning

Adapted
From

Model 2

Outcome
Expectancies

Outcome
Expectancies

Expectations
regarding the
outcomes of

managing their
health effectively

HAPA
5-point

Likert scale
0-4

Higher
scores
indicate

better self-
management

by
the patient

Schwarzer
(2016) (34)

Risk Perception Risk Perception

These questions
measure the extent

to which
participants perceive

the health risks
associated with not
managing their

health or lacking a
good health

management plan.

HAPA
5-point

Likert scale
0-4

Higher
scores
indicate

better self-
management

by
the patient

Schwarzer
(2016) (34)

Changes in the
Social

Environment

Changes in the
Social Environment

Extent to which
participants are
confident in

receiving support
from family

members, friends,
and medical

professionals to
manage their health.

MTM
5-point

Likert scale
1-5

Higher
scores
indicate

better self-
management

by
the patient

Sharma
(2015) (33)

Emotional
Transformation

Emotional
Transformation

Extent to which
participants are
confident in

channeling their
emotions,

encouraging
themselves, and
overcoming self-
doubt to achieve
their goal of

managing their
health on a
daily basis.

MTM
5-point

Likert scale
1-5

Higher
scores
indicate

better self-
management

by
the patient

Sharma
(2015) (33)

Behavioral
Confidence

Self-efficacy for
Sustaining Behavior

Participants’ self-
efficacy in

maintaining their
health management

under varying
conditions of

perceived difficult

MTM & HAPA
5-point

Likert scale
1-5

Higher
scores
indicate

better self-
management

by
the patient

Schwarzer
(2016) (34)

Practice
for Change

Practice for Change

Participants’
confidence in
managing their

health in
different scenarios

MTM
5-point

Likert scale
1-5

Higher
scores
indicate

better self-
management

by
the patient

Sharma
(2015) (33)

Sustenance/Long
termbehavior

change

Maintenance of
Behavioral Change

Likelihood of
participants

initiating daily
health management

in the
following week

MTM
5-point

Likert scale
1-5

Higher
scores
indicate

better self-
management

by
the patient

Sharma
(2015) (33)
F
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TABLE 3 Measurement constructs and items.

Construct Items

Advantages

If you manage your health every day, you will become healthier.

If you manage your health every day, your fasting blood sugar will be less than 7 mmol/L.

If you manage your health every day, your diet will be less oil, less salt, and less sugar.

If you manage your health every day, add at least 30 minutes of exercise time each day.

If you manage health on a daily basis, your confidence in the treatment of your illness will increase significantly.

Disadvantages

If you take care of your health every day, it will become very inconvenient

If you take care of your health every day, you will waste time and energy.

If you manage your health every day, you will reduce your social activities.

If you take care of your health every day, you will have an adverse reaction.

If you manage your health on a daily basis, you will feel anxious, depressed, and stressed.

Self-efficacy for Initiating Behavior

Even if it feels like a hassle, you can trust that you can start managing your health.

Even if you feel nervous and anxious, you can trust that you can start managing your health.

Even if you think it’s hard to do, you can start managing your health.

Changes in Physical Environment

How confident are you that you will manage your health regularly every day?

How confident are you that you will be able to manage your health on a daily basis with the help of an artificial
intelligence program

How confident are you that you will receive knowledge about health management on a daily basis?

Intention

You plan to stick to your health management for the next month.

You plan to stick to your health management for the next two weeks.

You plan to start health management as soon as possible.

Action Planning

You have a detailed plan for when to start health management.

You have a detailed plan for where to start health management.

You have a detailed plan on how to get started with health management

Coping Planning

When you have the idea of giving up health management, know how to deal with it.

When your schedule conflicts, know how to manage your time wisely to ensure your health.

When your body is not feeling well, know how to adjust your state.

Initiation of Behavior Change What is the likelihood that you will start daily health management in the following week

Outcome Expectancies

If you take care of your health, your body will be better.

If you manage your health, your blood sugar will be lowered.

If you manage your health, you will be healthier in your diet and exercise.

Risk Perception

If you don’t manage your health, you’re more likely to develop type 2 diabetes than people of the same age and gender

If you don’t manage your health, you’re more likely to have an increase in blood sugar

Without a good health management plan, your chances of developing diabetes complications will increase

Changes in Social Environment

How confident are you that you will have the support of your family members to manage your health?

How sure are you that you will have the support of your friends to manage your health?

How confident are you that you will have the support of a medical professional to manage your health?

Emotional Transformation

How confident are you that you’ll be able to channel your emotions to achieve your goal of managing your health every day?

How sure are you that you can encourage yourself to take care of your health every day?

How confident are you that you will be able to overcome your self-doubt about managing your health on a daily basis?

(Continued)
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outlines the mean scores and standard deviations (Mean ± SD) for

each dimension, in addition to the respective Cronbach’s a
coefficients. The observed mean scores and standard deviations

reveal a notable dispersion of data points around the mean,

underscoring the sample’s diversity and variability. The Cronbach’s

a coefficients indicate that the reliability of all questionnaire

dimensions is within an acceptable range. Notably, most

dimensions demonstrate reliability coefficients surpassing 0.9,

reflecting high levels of consistency and stability across the

questionnaire’s dimensions. Consequently, the questionnaire

deployed in this investigation is confirmed to have high reliability,

proficiently capturing the participants’ perspectives and attitudes

across a spectrum of behavioral and attitudinal dimensions.
4.3 Pearson’s correlations

In this study, we conducted a correlation analysis to explore the

relationships among variables within two distinct models. Model 1

focuses on understanding the factors influencing the Initiation of

Behavior Change. In this model, the variables include Advantages,

Disadvantages, Self-efficacy for Initiating Behavior, Changes in

Physical Environment, Intention, Action Planning, Coping

Planning, and the ultimate outcome, Initiation of Behavior

Change. In contrast, Model 2 investigates the factors influencing

the sustenance of behavioral change. The variables in this model

include Outcome Expectancies, Risk Perception, Changes in

Physical Environment, Changes in Social Environment,

Emotional Transformation, Self-efficacy for Sustaining Behavior,

practice for change, and the ultimate outcome, Maintenance of

Behavioral Change.

Based on the results in Table 7, in Model 1, which focuses on

factors influencing the Initiation of Behavior Change, significant
Frontiers in Psychiatry 10
associations were observed among the variables. In model 1, which

primarily focuses on factors influencing the Initiation of Behavior

Change, significant associations were observed among the variables.

Firstly, Advantage and Intention are significantly positively

correlated (r = 0.426, p < 0.001), this supports hypothesis H1,

which predicted that advantage would have a positive impact on

behavioral intentions. It indicated that the greater the perceived

benefits of daily health management behaviors, the stronger the

intention to change behavior. Conversely, Disadvantage and

Intention are significantly negatively correlated (r = -0.239, p <

0.001),this supports hypothesis H2, which predicted that

disadvantage would have a negative impact on behavioral

intentions. It suggested that the fewer the perceived disadvantages

of daily health management behaviors, the stronger the intention to

change behavior. Changes in Physical Environment and Intention

also show a significant positive correlation (r = 0.498, p < 0.001),

this supports hypothesis H3, which predicted that Changes in

Physical Environment would have a positive impact on behavioral

intentions. It implied that improvements in the physical

environment can enhance the intention to change behavior.

Additionally, Self-efficacy for Initiating Behavior and Intention

are significantly positively correlated (r = 0.654, p < 0.001), this

supports hypothesis H4, which predicted that Self-efficacy for

Initiating Behavior would have a positive impact on behavioral

intentions. It indicated that higher self-efficacy for initiating

behavior leads to stronger behavioral change intentions. There is

also a significant association between Disadvantage and Changes in

Physical Environment, which supports hypothesis H5. Intention

and Action Planning are significantly positively correlated (r =

0.577, p < 0.001), this supports hypothesis H6, which predicted that

intention would have a positive impact on Action Planning. It

suggested that stronger behavioral change intentions lead to more

detailed action plans. Similarly, Intention and Coping Planning are
TABLE 3 Continued

Construct Items

Self-efficacy for Sustaining Behavior

How confident are you that you will be able to start managing your health this week?

How sure you are that you will be able to start health management this week, even if it is inconvenient?

What is the possibility that you will be taking care of your health every day from now on?

How confident are you that you will start managing your health this week without any emotion?

How sure you are that you can start managing your health even if you are out and about?

Practice for change

How confident are you that you can use the app to monitor your daily health management?

If you encounter obstacles, how confident are you that you will be able to manage your health every day?

If you get stuck, how sure are you that you’ll be able to adjust your daily health management goals?

Maintenance of Behavioral Change How confident are you that you will be able to start managing your health this week despite your busy schedule?
TABLE 4 The confirmatory factor analysis results of the MTM-HAPA scale.

Items c2/df RMSEA GFI TLI IFI CFI

Initiation of Behavior Change 2.50 0.04 0.90 0.96 0.96 0.97

Maintenance of Behavioral Change 1.82 0.02 0.93 0.99 0.99 0.99
frontiersin.org

https://doi.org/10.3389/fpsyt.2024.1497872
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Wu et al. 10.3389/fpsyt.2024.1497872
significantly positively correlated (r = 0.668, p < 0.001), this

supports hypothesis H7, which predicted that intention would

have a positive impact on Coping Planning. It indicated that

stronger behavioral change intentions lead to more proactive

coping plans. Further analysis shows that Action Planning and

Initiation of Behavior Change are significantly positively correlated

(r = 0.492, p < 0.001), this supports hypothesis H9, which predicted

that Action Planning would have a positive impact on Initiation of

Behavior Change. It suggested that detailed action plans help

initiate behavioral change. Coping Planning and Initiation of

Behavior Change are also significantly positively correlated (r =
Frontiers in Psychiatry 11
0.602, p < 0.001), this supports hypothesis H9, which predicted that

Coping Planning would have a positive impact on Initiation of

Behavior Change. It indicated that proactive coping plans aid in the

Initiation of Behavior Change.

Based on the results in Table 8, in Model 2, which investigates

factors influencing the Sustenance of Behavioral Change, significant

correlations were also found among the variables. Firstly, Outcome

Expectancies and Practice for Change show a significant positive

correlation (r = 0.324, p < 0.001), this supports hypothesis H10,

which predicted that Outcome Expectancies would have a positive

impact on Practice for Change. It indicated that positive outcome

expectancies contribute to enhanced practice for change. Similarly,

Outcome Expectancies are positively correlated with Emotional

Transformation (r = 0.338, p < 0.001), Changes in the Social

Environment (r = 0.384, p < 0.001), and Self-efficacy for Sustaining

Behavior (r = 0.316, p < 0.001), these support hypothesis from H11 to

H13, which predicted that Outcome Expectancies would have positive

impacts on Emotional Transformation, Changes in the Social

Environment, and Self-efficacy for Sustaining Behavior. It suggested

that they also enhance emotional transformation, social environment

changes, and self-efficacy. Risk Perception is positively correlated with

Practice for Change (r = 0.327, p < 0.001), Emotional Transformation

(r = 0.344, p < 0.001), and Changes in the Social Environment (r =

0.341, p < 0.001), these support hypothesis from H14 to H16, which

predicted that Risk Perception would have positive impacts on Practice

for Change, Emotional Transformation, and Changes in the Social

Environment. It indicated that higher risk perception facilitates practice

for change, emotional transformation, and changes in social support.

Additionally, Risk Perception and Self-efficacy for Sustaining Behavior

(r = 0.342, p < 0.001) are positively correlated, this supports hypothesis

H17, which predicted that Risk Perception would have a positive

impact on Self-efficacy for Sustaining Behavior. It suggested that higher

risk perception also enhances self-efficacy. Further analysis shows

significant positive correlations between Practice for Change and the

Maintenance of Behavioral Change (r = 0.727, p < 0.001), this supports

hypothesis H18, which predicted that Practice for Change would have a

positive impact on the Maintenance of Behavioral Change. It indicated

that active practice for change aids in the maintenance of behavioral

change. Similarly, Emotional Transformation (r = 0.754, p < 0.001) and

Changes in the Social Environment (r = 0.565, p < 0.001) are positively

correlated with the maintenance of behavioral change, these support

hypothesis H19 and H20, which predicted that Emotional

Transformation and Changes in the Social Environment would have

positive impacts on the Maintenance of Behavioral Change. It

highlighted the importance of emotional and social factors. Finally,

Self-efficacy for Sustaining Behavior has a strong positive correlation

with the maintenance of behavioral change (r = 0.776, p < 0.001), this

supports hypothesis H21, which predicted that Self-efficacy for

Sustaining Behavior would have a positive impact on the

Maintenance of Behavioral Change. It indicated that higher self-

efficacy leads to more successful maintenance.

To address the challenge posed by the violation of the

multivariate normality assumption in the dataset, the Bollen-Stine

Bootstrap method was employed as a corrective measure prior to

conducting SEM analysis. This approach involves resampling the

data (bootstrap) to generate new sample distributions, which are
TABLE 6 Mean scores (Mean ± SD) and corresponding Cronbach’s
a coefficients.

Questionnaire Mean ± SD Cronbach’s a

Advantages 14.5 ± 4.2 0.874

Disadvantages 5.8 ± 6.0 0.952

Self-efficacy for Initiating Behavior 11.6 ± 3.2 0.975

Changes in Physical Environment 6.5 ± 3.6 0.874

Intention 11.6 ± 3.4 0.969

Action Planning 9.3 ± 4.3 0.994

Coping Planning 11.0 ± 3.1 0.922

Outcome Expectancies 12.8 ± 2.1 0.950

Risk Perception 12.4 ± 2.4 0.918

Changes in Social Environment 9.3 ± 3.0 0.942

Emotional Transformation 7.6 ± 3.6 0.980

Self-efficacy for Sustaining Behavior 17.0 ± 6.4 0.986

Practice for change 7.1 ± 3.8 0.953
TABLE 5 Basic information of the respondents.

Items Description Number
Percentage

(%)

Gender
Man 174 42.9

Woman 232 57.1

Ethnicity
Han ethnicity 396 97.5

Ethnic minority 10 2.5

Body Mass Index(BMI)

Underweight 3 0.7

Normal 120 29.6

Overweight 152 37.4

Obesity 131 32.3

Household monthly
income per capita

in CNY

≤3000 120 29.6

3001-6000 225 55.4

≥6001 61 15.0

Household registration
Non-agricultural 247 60.8

Agricultural 159 39.2
frontiersin.org

https://doi.org/10.3389/fpsyt.2024.1497872
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Wu et al. 10.3389/fpsyt.2024.1497872
then used to estimate the standard errors and confidence intervals

of the model parameters. By leveraging a bootstrap resampling

technique that does not depend on the distribution of the data, it

enables the accurate estimation of parameter variances and

covariances, thereby enhancing the robustness and reliability of

the path analysis results.

The efficacy of the SEM was evaluated through a comprehensive

examination of the model’s fit indexes and the variance-explained

estimates. This rigorous assessment ensures that the SEM not only
Frontiers in Psychiatry 12
accurately reflects the relationships among the variables but also

provides meaningful insights into the mechanisms underlying the

initiation and sustenance of behavioral changes.

The fit indices for Model 1 underscored a robust support for the

hypothesized model in this research. The ratios and indices fell

within ideal ranges: c²/df ratio was significantly below the threshold

of 3, standing at 1.37, indicating a good fit. The GFI was 0.97,

exceeding the recommended level of 0.9, alongside the TLI,

Incremental Fit Index (IFI), and CFI each displaying a value of
TABLE 7 Correlation of variables in model 1.

Advantages Disadvantages Changes in
Physical
Environment

Self-
efficacy
for Initi-
ating
Behavior

Intention Action
Planning

Coping
Planning

Initiation of
Behavior
Change

Advantages

Disadvantages -0.083

Changes in
Physical
Environment

0.497*** -0.110*

Self-efficacy for
Initiating
Behavior

0.459*** -0.266*** 0.460***

Intention 0.426*** -0.239*** 0.498*** 0.654***

Action Planning 0.292 0.069 0.485 0.444*** 0.577***

Coping Planning 0.475*** -0.212*** 0.510*** 0.667*** 0.668*** 0.563***

Initiation of
Behavior Change

0.394*** -0.247*** 0.516*** 0.608*** 0.715*** 0.492*** 0.602***
*P<0.05, ***P<0.001.
TABLE 8 Correlation of variables in model 2.

Outcom
Expectancies

Risk
Perception

Practice
for
change

Emotional
transformation

Changes in
the Social
Environment

Self-efficacy
for Sustaining
Behavior

Maintenance
of Behavioral
Change

Outcom
Expectancies

Risk Perception 0.563***

Practice
for change

0.324*** 0.327***

Emotional
Transformation

0.338*** 0.344*** 0.824***

Changes in the
Social
Environment

0.384*** 0.341*** 0.507*** 0.581***

Self-efficacy for
Sustaining
Behavior

0.316*** 0.342*** 0.835*** 0.888*** 0.553***

Maintenance of
Behavioral
Change

0.312*** 0.343*** 0.727*** 0.754*** 0.565*** 0.776***
***P<0.001.
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0.99, well above the 0.9 mark. The RMSEA was notably low at 0.03,

further validating the model’s fit (refer to Table 9 for detailed

metrics) (35).

The Figure 3 presents the results of the path analysis exploring

the relationships among variables in model 1. The data indicates

significant pathways between the variables. Disadvantages

negatively influence Intention (b= -0.086, p < 0.05), while

Advantages (b= 0.082, p < 0.05), Self-efficacy for Initiating

Behavior (b= 0.520, p < 0.001) and Changes in Physical

Environment (b= 0.232, p < 0.001) positively impact Intention.

Of these, Self-efficacy for Initiating Behavior had the strongest

positive effect on Intention. Intention, in turn, positively

influences both Action Planning (b= 0.573, p < 0.001) and

Coping Planning (b= 0.724, p < 0.001). Furthermore, Action

Planning (b= 0.195, p < 0.001) and Coping Planning (b= 0.539, p

< 0.001) significantly predict Initiation of Behavior Change,

indicating their crucial roles in facilitating behavior change.

Notably, the data showed that intentions had a greater effect on

Coping Planning than on Action Planning, and Coping Planning

had a greater effect on Initiation of Behavior Change than action

planning.Therefore, the assumptions of H1 through H9 are valid.
4.4 Factors influencing the maintenance of
behavioral change

In preparing to analyze Model 2, the Bollen-Stine Bootstrap

method was once again applied to account for data corrections. The

fitness indicators for Model 2 were within the acceptable range,

reinforcing the model’s credibility. Specifically, the c²/df ratio was
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1.69, GFI reached 0.98, and TLI, IFI, and CFI values were at 0.99, all

surpassing the 0.9 benchmark. The RMSEA stood at a

commendable 0.04 (details available in Table 10).

Path analysis of Model 2 revealed significant relationships

among variables, illustrating the dynamic interplay influencing

the sustenance of behavioral change. Outcome Expectancies were

a positive predictor of Practice for change (b= 0.212, p < 0.001) and

also significantly associated with Emotional Transformation (b=
0.214, p < 0.001) and Changes in Social Environment (b= 0.297, p <

0.001). Risk Perception was another significant predictor of Practice

for change (b= 0.241, p < 0.001), Emotional Transformation

(Estimate = 0.260, p < 0.001), and Changes in Social

Environment (Estimate = 0.188, p = 0.002). Notably, both

Outcome Expectancies (b= 0.183, p = 0.003) and Risk Perception

(b= 0.270, p < 0.001) positively influenced Self-efficacy for

Sustaining Behavior. Furthermore, Practice for change was a

significant predictor of Maintenance of Behavioral Change (b=
0.250, p < 0.001), with Emotional Transformation (b= 0.160, p <

0.001), Changes in Social Environment (b= 0.200, p < 0.001), and

particularly Self-efficacy for Sustaining Behavior (b= 0.484, p <

0.001) playing pivotal roles in this relationship (refer to Figure 4 for

an illustrative overview). Therefore, the assumptions of H10

through H21 are valid.
5 Discussion

This study aimed to develop and test two structural equation

models, one elucidating how diabetes patients’ perceptions of the

pros and cons of health behavior change, changes in physical

environment, and self-efficacy for initiating behavior influence

their behavioral intentions, as well as the relationships between

diabetic patients’ behavioral intentions, action plans, coping plans,

and Initiation of Behavior Change. The other model clarified the

relationships between emotional transformation, practice for
TABLE 9 The quality of the SEM 1.

c2/df RMSEA GFI TLI IFI CFI

1.37 0.03 0.97 0.99 0.99 0.99
FIGURE 3

MTM-HAPA path models with standardized parameter estimates to predict the initiation of healthy behavior.
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change, changes in social environment, self-efficacy for sustaining

behavior, and the impact of their risk perceptions and experiences

on these relationships. This process is based on the fourth

generation of the MTM and the HAPA model for health behavior

change in diabetic patients.

The results are encouraging. In the behavior initiation model,

the findings are consistent with predictions, indicating that the pros

and cons of behavior change, changes in physical environment, and

self-efficacy for initiating behavior are statistically significant

predictors of intention. Self-efficacy for initiating behavior was

found to be the strongest predictor of intention, underscoring its

crucial role. Coping and action plans are statistically significant

predictors of the onset of behavior change. Specifically, coping plans

play a significant role in predicting behavior change, similar to

findings in other studies that emphasize the importance of self-

efficacy and planning in health behavior change processes (36). This

study supports the notion that behavioral intentions influence

coping plans and action plans, which in turn affect actual

behavior change. Patients with higher intentions are more likely

to develop effective coping and action plans, ultimately leading to

successful initiation of behavior change.

In the behavior maintenance model, self-efficacy for sustaining

behavior has the strongest predictive power in maintaining

behavior among patients, consistent with previous studies. A

meta-analysis on HAPA in health behavior found that action self-

efficacy and risk perception play significant roles in predicting

intentions (26). This highlights the importance of maintaining

self-efficacy throughout the behavior change process. The study

also reveals that patients’ perceptions of risk and their past

experiences significantly impact their ability to sustain behavior
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change. Patients who perceive higher risks associated with not

changing their behavior are more likely to sustain their new

behaviors. Additionally, the role of social support in sustaining

behavior change is underscored, as changes in the social

environment, including support from family and friends, can

significantly influence the maintenance of new health behaviors.

This study reveals how patients form or adjust their behavioral

intentions based on their assessment of the benefits and harms of

health behaviors, changes in the surrounding physical environment,

and self-efficacy for initiating behavior. Through in-depth analysis,

participants such as patients and health educators can effectively

communicate about the pros and cons of specific health behaviors

through interactive forms such as group discussions (33), thereby

reinforcing the positive aspects of behavior change. This approach

encourages participants to realize that the benefits of behavior

change far outweigh its potential adverse effects, thereby

motivating their willingness to change their behavior. Interactive

communication allows for the sharing of personal experiences and

success stories, which can further enhance motivation and

commitment to behavior change. Health educators can use these

discussions to address misconceptions and provide accurate

information about the benefits of health behaviors.

Different from the traditional understanding of self-efficacy,

under the framework of the MTM, self-efficacy is defined as an

individual’s certainty and confidence in his or her self-perception of

future behavior change (37, 38). The results of this study confirm

the important role of self-efficacy for initiating behavior in

predicting behavioral intention, indicating that an individual’s

confidence in his or her ability to change behavior is a key factor

in forming behavioral intention. This finding underscores the need

for interventions that build and support self-efficacy in patients.

Techniques such as goal setting, self-monitoring, and feedback can

be effective in enhancing self-efficacy. Encouraging patients to

reflect on their past successes and to visualize future

achievements can also strengthen their confidence in their ability

to initiate and sustain behavior changes.
TABLE 10 The quality of the SEM 2.

c2/df RMSEA GFI TLI IFI CFI

1.69 0.04 0.98 0.99 0.99 0.99
FIGURE 4

MTM-HAPA path models with standardized parameter estimates to predict the maintenance of healthy behavior.
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In addition, the findings of this study are also consistent with

the theory of reasoned action, which holds that individuals’ beliefs

and subjective norms form specific attitudes (i.e., behavioral

tendencies), which in turn influence their behavioral intentions

(39). This theory suggests that changing patients’ beliefs and norms

about health behaviors can lead to changes in their intentions and,

subsequently, their behaviors. Furthermore, this study emphasizes

the impact of the physical environment on behavioral intentions,

pointing out that environmental changes create conditions for

behavior change by changing the availability, accessibility,

convenience, and readiness of resources. This suggests that by

optimizing the physical environment, patients can increase their

chances of adopting healthy behaviors, thereby helping to improve

their behavioral intentions. For example, making healthy food

options more readily available and accessible, creating safe and

inviting spaces for physical activity, and providing resources and

support for behavior change can all contribute to a more conducive

environment for healthy behaviors. The study suggests that

comprehensive health promotion strategies should consider both

individual psychological factors and physical environmental factors

to promote effective behavior change (40). This multifaceted

approach can enhance the overall impact of interventions aimed

at improving health behaviors among diabetic patients.

Although having good health behavior intentions is a positive

first step, intentions do not always translate directly into actual

health behaviors. Research by German scholars supports this view

(41), emphasizing that the key step in converting intentions into

actual actions is through the development of a series of detailed

behavioral plans. The early stages of the Health Action Process

Approach (HAPA) placed special emphasis on the role of planning

in bridging intentions into action (42). This theoretical framework

posits that behavioral intentions motivate individuals to set specific

health goals and develop action plans to change their behavior. An

action plan details the specific steps needed to achieve a goal,

including where, when, and how to implement them. These plans

help individuals prefigure specific steps they will take to change

their health behaviors. Furthermore, by specifying the context and

conditions under which the actions will be taken, action plans can

make the intended behaviors more concrete and easier to execute.

Closely linked to action plans are coping plans, which are

designed to anticipate and plan how to respond to potential

obstacles and challenges that may prevent the implementation of

the action plan. The purpose of the coping plan is to ensure that the

action plan can be executed smoothly without interference from

external factors. For example, in patients with diabetes, if the patient

plans to exercise moderately after dinner to lower blood sugar levels,

adverse weather conditions may interfere with their plans.

However, if patients make a plan ahead of time, such as

exercising on an indoor treadmill, watching a fitness video, or

doing 10 minutes of resistance band or weight training, their risk of

deviating from their original plan is greatly reduced. This suggests

that using action plans in conjunction with coping plans can be

more effective in promoting health behavior change than relying on

action plans alone. Therefore, clinicians and health professionals

should encourage patients to develop both action and coping plans
Frontiers in Psychiatry 15
to enhance the likelihood of carrying out designated health behavior

goals. Through this approach, health behavioral intentions can be

more effectively translated into actions, leading to long-term health

improvements (43).

In the structure of maintaining health behavior change,

patients’ outcome expectations and perceived risks can predict the

sustainability of their behaviors through changes in their practice,

emotions, social environment, and self-efficacy. Within the

framework of the HAPA theory (42), outcome expectations and

risk perceptions are considered crucial pathways for behavior

maintenance. Patients with high perceived risks or who have high

outcome expectations are motivated to adopt more protective

behaviors. For instance, diabetic patients with high perceived risks

or who have high outcome expectations are more inclined to

actively screen for retinopathy to prevent complications. This

proactive approach is driven by the understanding that early

detection and intervention can significantly mitigate the risks

associated with diabetes-related complications.

Moreover, when patients perceive risks and anticipate potential

outcomes, they might seek advice, comfort, l istening,

understanding, or practical help from various sources, including

family and friends, to gain social support. This social support

network plays a pivotal role in reinforcing the patients’

commitment to their health behavior changes. Generally,

individuals who perceive a high level of social support tend to be

healthier and better at coping with stress (44), making this support

crucial for patients to maintain their efforts in adopting healthy

behaviors, especially when facing challenges or setbacks. By

receiving encouragement, understanding, and practical help from

their social networks, patients are more likely to persist in their

health behavior changes, thereby improving health outcomes. Social

support can also provide emotional reassurance, which is vital for

maintaining motivation and overcoming the psychological barriers

that often accompany chronic health conditions like diabetes.

Consistent with previous research (45), our findings indicate

that higher levels of risk perception are associated with higher levels

of behavior change. In other words, diabetic patients who perceive

high risks or have high outcome expectations are more likely to take

proactive measures to control the disease, which is beneficial for

maintaining long-term behavior changes (46). Outcome

expectation, which is the anticipated result a patient expects from

undergoing treatment, can often motivate an individual to cease a

harmful behavior. For example, expecting better glucose

management after controlling their sugar intake can drive

patients to adhere to dietary recommendations. However, if

expectations are too high or unrealistic, such as expecting rapid

recovery from high blood sugar levels, they may lead to negative

progress, resulting in feelings of discouragement and failure. It is

therefore important for health professionals to help patients set

realistic and achievable goals, ensuring that their outcome

expectations are aligned with their capabilities and the realities of

their condition.

Additionally, our findings indicate a correlation between patient

self-efficacy, risk perception, and outcome expectations, consistent

with previous research (47). Individuals with high perceived risks
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tend to have higher self-efficacy. Patients with high risk perception

and outcome expectations are generally better equipped to handle

emergencies, which often results in higher self-efficacy and,

consequently, better maintenance of behavior change (48). This

enhanced self-efficacy empowers patients to confidently engage in

and sustain health-promoting behaviors, thereby contributing to

improved long-term health outcomes. Enhanced self-efficacy also

facilitates resilience, enabling patients to recover more quickly from

setbacks and maintain their commitment to health behavior

changes over time. Overall, understanding and leveraging these

psychological constructs can significantly enhance the design and

implementation of interventions aimed at promoting sustainable

health behavior changes among patients. By integrating strategies

that build self-efficacy, manage outcome expectations, and provide

robust social support, health professionals can create more effective

programs that encourage last ing behavior change in

diabetic patients.
6 Highlights and limitations

To the best of our knowledge, this study represents the first

effort to apply the MTM and the HAPA frameworks to delineate the

dynamics of health behavior changes. In our quest for precise

insights, we meticulously collected extensive data across a broad

spectrum of variables and fine-tuned our analytical methods to yield

robust findings. However, our study is not without its limitations.

First and foremost, the cross-sectional design we adopted, while

efficient for simultaneous data collection on various factors,

inherently limits our ability to infer causality between

independent and dependent variables. Future research could

benefit from employing experimental or longitudinal study

designs that manipulate variables over time, thereby providing

stronger evidence for the effectiveness of the MTM and HAPA

models in influencing health behavior changes. Furthermore, the

study was conducted only in Beijing with a limited sample size,

which may result in relatively low heterogeneity of the study

population.The sociocultural and environmental factors unique to

Beijing may not necessarily reflect those of other regions, thus

limiting the generalizability of our results to different contexts

within China or internationally. By acknowledging these

limitations, we aim to pave the way for future research to build

upon our findings, further refine these theoretical models, and

expand the understanding of health behavior changes across

diverse populations and settings.
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