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Background: Brucellosis is a common zoonotic disease and a significant public
health concern. Effective health management is essential for improving the self-
management behaviors of brucellosis patients. This study aims to assess the
effectiveness of a mobile health (mHealth) intervention based on the Health
Action Process Approach (HAPA) model in enhancing self-management among
brucellosis patients.

Methods: This single-center, single-blind randomized controlled trial will
be conducted at the Fourth Central Hospital of Baoding City, Hebei Province,
China (ChiCTR2300071152). A total of 58 participants will be randomly assigned
to the mHealth intervention group or the routine education group. Inclusion
criteria: (1) Aged >18 years, (2) Diagnosed with brucellosis, (3) Familiar with
WeChat, (4) Voluntary consent. Exclusion criteria include severe comorbidities,
psychotropic medication use, and pregnancy. The intervention will be delivered
via WeChat, using educational materials such as articles, videos, and case
studies. The control group will receive standard discharge education. Primary
outcomes include health behavior formation and health literacy, and secondary
outcomes include psychological variables and behavior change. Statistical
analyses will be conducted using SPSS Statistics 26.0. Data will be expressed
as mean + standard deviation or count (%). Parametric or non-parametric tests
will be used as appropriate, and missing data will be handled using multiple
imputation methods. A p-value <0.05 will be considered statistically significant.
Discussion: This study will contribute to understanding the application of the
HAPA model in guiding health interventions for brucellosis patients. It will be the
first study in China to apply the HAPA model in this context, providing insights
into its effectiveness for improving health behaviors and long-term outcomes
in brucellosis patients.
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1 Introduction

Brucella is a widespread zoonotic infection globally (1, 2).
According to the World Health Organization (WHO), Brucella is
defined as a disease that can be naturally transmitted from vertebrates
to humans (3). It primarily originates from infected or severely
infected animals, such as cows and sheep (4, 5). The main transmission
routes include the digestive tract, skin, mucous membranes, and
respiratory tract, through contact with blood, body fluids, and
aerosols. The disease typically manifests with high fever, excessive
sweating, malaise, and arthralgia, and can be more severe in some
cases (6, 7). Brucella was first reported in China in 1905. In recent
years, however, the prevalence of brucellosis has significantly increased
(8, 9). National surveillance data reveal that, with the increase in
livestock farming in China in recent years, the incidence rate of
human brucellosis has shown a sustained upward trend in some
regions. From 2004 to 2014, the national incidence rate rose from 0.92
to 4.2 cases per 100,000 people, and between 2004 and 2021, it
increased by a total of 8.20%, seriously affecting both livestock
production and public health (10-12).

The impact of brucellosis is twofold: it not only affects livestock
production, causing substantial economic losses, especially in rural
areas of developing countries where livestock farming is the primary
economic activity (13-15), but also poses serious threats to human
health and safety. One of the most effective ways to manage brucellosis
is through public education on preventive behaviors, particularly for
at-risk groups (15, 16). Health management strategies play a crucial role
in controlling brucellosis (17). Therefore, educating individuals and
changing their behaviors and lifestyles to prevent the disease is regarded
as the best and most practical approach to controlling brucellosis.

Diagnosis and treatment after infection have limited effectiveness
in controlling the disease. With advancements in medical technology,
there is a growing demand for personalized and precise disease
management for brucellosis patients. However, due to limitations in
manpower and resources, primary healthcare organizations and
medical staff often provide inadequate intervention management for
brucellosis patients. Therefore, innovative mHealth interventions are
essential for enhancing the management of brucellosis patients (18).

Mobile health, or mHealth, refers to the use of mobile devices,
such as smartphones, patient monitoring devices, and wireless devices,
to provide medical support and manage patient health (19). The rapid
development of mobile networks has resulted in the widespread use of
mobile electronic devices. A 2015 report indicated that more than
seven billion mobile device subscriptions exist worldwide (20). This
proliferation has made mHealth feasible, widespread, and replicable,
utilizing features such as text messaging, email, phone calls, and
mobile applications (21-24). One of the advantages of mHealth is that
it requires no additional resources for implementation (25). The cost
of monitoring clinical data and communicating educational
information between doctors and patients is lower than that of face-
to-face services (25). Furthermore, mHealth overcomes geographical
barriers, enhances accessibility, and delivers health services to remote
and underserved areas (26). By incorporating multimedia and big data,
mHealth applications can enhance the health behaviors of individuals

Abbreviations: HAPA, Health Action Process Approach.
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using these technologies (27, 28). MHealth lies at the intersection of
communication technologies and personalized healthcare (29).

In the field of infectious disease management, mHealth
interventions have shown significant potential. For instance, studies
have shown that mHealth interventions, such as text message
reminders and health information push notifications through social
media platforms, can significantly improve adherence to antiretroviral
therapy and improve patients’ mental health (30). Similar interventions
have also been successful in tuberculosis management, particularly in
enhancing patients’ self-management capabilities and treatment
completion rates (31). These studies indicate that mHealth plays a
critical role in improving health behaviors and self-management,
especially in resource-poor regions and populations. However,
mHealth-based interventions alone may lack theoretical guidance,
potentially limiting the effectiveness of the intervention. Previous
studies have emphasized that the design of mHealth interventions
should be based on one or more theoretical models or frameworks to
ensure their effectiveness and sustainability (32, 33).

The Health Action Process Approach (HAPA), shown in Figure 1
and developed by Litt et al. (34), suggests that health behavior change
involves a series of psychological factors. It proposes that behavior
change progresses through different stages, facilitating the effective
transition from behavioral intentions to external behaviors. The
HAPA model integrates relevant variables from the continuum model
and stage theory model. It incorporates intrinsic motivational and
volitional factors, such as self-efficacy, risk perception, and outcome
expectancy (35), as well as behavioral intentions and action plans (36).
It also considers extrinsic behavioral activities, such as inaction,
irregularity, and regularity, as well as macro-environmental factors
that affect the formation of intentions, initiation of actions, and
maintenance of behaviors. By classifying individuals into different
groups based on their motivational, volitional, and behavioral factors,
the HAPA model links behavioral intentions to health behaviors
through the use of implementation intentions, such as action plans,
coping plans, self-monitoring, and self-regulation, thereby promoting
the effective transition from intentions to behaviors (37). HAPA-based
interventions have been proven effective in promoting health behavior
changes (38-42). Specifically, the HAPA model has been applied to the
study of COVID-19-related health behaviors during the pandemic,
where the motivational and volitional factors included in HAPA
increased adherence to protocols such as wearing masks and
handwashing (43, 44). Additionally, the HAPA model has been used
to assess social distancing behaviors during the pandemic, further
emphasizing its applicability (45). In managing chronic diseases, a
HAPA-based study in Iran demonstrated that the seven structures of
HAPA were effective in promoting a healthy diet in patients with type
2 diabetes (46).

To date, no research has focused on the application of the HAPA
model in the health management of brucellosis patients. Therefore,
applying the HAPA model in the health management of brucellosis
patients could significantly contribute to improving their
health behaviors.

This study aims to develop a health education intervention model
for brucellosis patients based on the HAPA framework. The first step
involves assessing the current level of knowledge regarding brucellosis
among patients. Drawing from best practice evidence, brucellosis-
related information will be integrated to design a personalized health
management intervention program for patients. The intervention will
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FIGURE 1
Schematic diagram of health action process approach.

be delivered through the WeChat platform and mobile health devices,
utilizing doctor-patient interaction for interactive health education.
The goal is to deliver lifestyle-based behavioral interventions to assist
patients in developing self-management habits.

The intervention tested in this trial will be based on the Health
Action Process Approach (HAPA) model, which incorporates
behavior change processes such as self-efficacy, risk perception, and
the formation of action plans. This theoretical framework will guide
the development and delivery of mHealth-based interventions,
ensuring that the intervention is rooted in behavioral science to
improve health outcomes in brucellosis patients. By integrating
multimedia content and offering continuous support through
mobile health devices, the intervention aims to enhance patient
engagement and improve long-term self-management behaviors.
The control group will receive usual care, which does not include
mHealth interventions based on behavior change models. Usual
care for brucellosis patients typically involves standard medical
treatment, such as general health education, but lacks structured
mHealth behavioral interventions. The choice of usual care as the
comparator is justified by the absence of structured mHealth
behavioral interventions for brucellosis. Since no established
mHealth interventions are available for brucellosis, the comparison
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with usual care, which does not include a behavior change
intervention, is the most appropriate to evaluate the effectiveness of
the proposed intervention.

A rational research design will be used to analyze the impact of
mobile health devices on the behavioral changes of brucellosis patients
and the underlying mechanisms. This study aims to provide a clinical
basis for the treatment plan, prognosis, and rehabilitation of
brucellosis patients, serving as an initial step toward the broader
implementation of mobile health interventions. Furthermore, the
findings of this intervention may inform policy recommendations and
guide technical transformations in the development of mobile health
management applications.

The specific research objectives of this study include the following:

(1) To develop and evaluate an mHealth-based intervention
model, integrating the HAPA model, aimed at improving
health behaviors and enhancing self-management in
brucellosis patients.

(2) To compare the effectiveness of the HAPA-based mHealth
intervention with traditional management models, hypothesizing
that the mHealth intervention will more effectively improve
health behaviors and enhance self-management.
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2 Methods
2.1 Study design

The study is an intervention randomized controlled trial in
Baoding No. 4 Central Hospital, Hebei Province. The study
employs quantitative research methods, using questionnaires
based on brucellosis-related knowledge and internationally
recognized scales for measurement. This approach ensures the
objectivity of the study. The study will be conducted from
December 2024 to December 2025. The intervention will last for
3 months, followed by a 12-month follow-up phase for data
collection and evaluation. The questionnaire was given at the
beginning then every 3 months which was then analyzed. The
control group will receive conventional education, while the
experimental group will receive mHealth education. The study
aims to compare the effectiveness of mHealth interventions on the
health behaviors of brucellosis patients based on the HAPA model,
hypothesizing that mHealth interventions are more effective than
conventional interventions (43). The flow chart of the study is
shown in Figure 2 and Table 1.

2.2 Study setting, randomization and
blinding

The study will be a single-center, single-blind randomized
controlled trial conducted at the Fourth Central Hospital of
Baoding City, Hebei Province. Convenience sampling will
be employed to recruit patients diagnosed with brucellosis. In this
study, patient enrollment was conducted in batches to ensure
feasibility, sample balance, and control of potential confounding
factors. Specifically, eligible patients were enrolled in batches
based on established time points, screening criteria, and
enrollment procedures to ensure the study’s orderly and
efficient progress.

Randomization was performed using Excel software to ensure
unbiased group allocation. A new worksheet was created with
numbers 1 to N in column A, where N represents the total number of
participants. In column B, the formula=RAND() was used to
generate random numbers between 0 and 1 for each participant. These
random numbers were then fixed by copying and pasting them as
‘values’ to prevent modifications. The participants were then sorted by
their random numbers in ascending order, and group assignments
were made accordingly. The random allocation sequence will
be generated by the researchers.

A single-blind design was implemented to ensure blinding.
Participants were blinded to their group allocation, while evaluators
remained aware of the group assignments. Allocation concealment
was achieved using the envelope method. Adequate opaque envelopes
were prepared, each labeled with a unique identifier number. A small
slip of paper containing group assignment information was placed
inside each envelope and sealed. After enrollment, participants
received envelopes in sequential order based on their numerical
identifiers and opened them independently to reveal their group
assignment. The distribution and opening of envelopes were
supervised by a designated individual to ensure the integrity of
allocation concealment, and the process was documented for
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transparency. Unused envelopes were securely stored to preserve
allocation concealment and maintain the single-blind design.

2.3 Study participants

The study was approved by the Ethics Committee of Baoding No.
4 Central Hospital. Participants will be patients from Baoding No. 4
Central Hospital, located in Baoding City, Hebei Province, China.
Recruitment of study participants is expected to begin in December
2024. After enrolling in the trial and signing the informed consent
form through face-to-face communication at the hospital, each
participant will begin the formal trial intervention. Therefore,
participants will be recruited and begin the intervention at different
times. They will all complete the 3-month intervention cycle.

2.3.1 Inclusion criteria

(1) Patients aged >18 years

(2) The patient is a permanent resident of Hebei Province (annual
time away from home is less than 1 month).

(3) All patients meet the relevant diagnostic criteria for brucellosis
in the Brucella Disease Diagnostic and Treatment Guidelines
and the diagnosis of brucellosis was confirmed by pathological
examination (47);

(4) The patient’s daily use of a smartphone and familiarity with
general WeChat functions;

(5) Patients voluntarily agree to participate in the study by signing
the informed consent form.

2.3.2 Exclusion criteria

(1) The patient has no fixed contact information, no family
member to act as a contact, and cannot be easily reached by
phone or WeChat.

(2) The patient is currently taking psychotropic medication.

(3) The patient exhibits mental symptoms, such as confusion,
slurred speech, or uncooperativeness

(4) The patient has
impairments.

serious comorbidities or physical

(5) The patient has participated in other clinical trials

—
)
=

Pregnant or breastfeeding women
(7) Any other reasons deemed unsuitable for participation in
the trial.

2.4 Sample size

This study is a randomized controlled trial with two groups: the
mobile health intervention group and the conventional education
group. The primary outcome is the health behavior formation rate
among the participants. Based on a literature review (48), the
compliance rate for behavior formation in the mobile health
intervention group is expected to be 90%, compared to 60% in the
control group. The significance level is set at a = 0.05, with a 90%
confidence level. Using PASS15 software, the sample size for the
intervention group was calculated as N1 =23, and for the control
group, N2 = 23. Considering a 20% follow-up loss rate, at least 29
participants are required in each group, resulting in a total of
58 participants.
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Patients with brucellosis
from the Fourth Central Hospital of
Baoding City

Exclusion due to: A

. |-Not meeting inclusion criteria
"|-Declined to participate
-Other reasons )
Final sample N=58
Randomization
1:1)
Intervention group Control group
(50%) (50%)

Baseline: Baseline:
Questionnaires Questionnaires

Receive allocated intervention:
HAPA intervention+mobile
health education

Receive allocated intervention:
Routine education

At3. 6. 9. 12 months At3. 6. 9. 12 months
-Fill the questionnaires -Fill the questionnaires
Analysed Analysed

FIGURE 2
Flow chart of patient recruitment and study implement.

2.5 Intervention concerns promptly. The physician or nurse can also intervene in
patient care promptly through the WeChat platform (49).
There will be two groups involved in this study, as follow. To ensure high-quality delivery of the intervention, the
professionals involved in delivering health education through WeChat
2.5.1 Mobile health intervention group (physicians and nurses) will need to meet the following criteria:
Health education in the mobile health intervention group will
be delivered via the WeChat platform on smartphones. The physician o Physicians must hold a valid medical degree in general practice or
or nurse will use WeChat’s messaging function to communicate with a relevant specialty and have at least 2 years of experience in
the patient promptly. The physician or nurse will address the patient’s patient care.
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TABLE 1 Timeline for study enrollment, intervention, and evaluation.

Study period

Recruitment Allocation Intervention Follow-up
Timepoint ‘ -T1 0 Month 0 Month 3 ‘ Month 6 ‘ Month 9 ‘ Month 12
Enrollment
Informed consent v
Eligibility screen v
Allocation \/
Intervention
HAPA-mHealth C——
Control C——
Assessments
Sociodemographic variables \/
Proportion of individuals adopting health behaviors v v v v v
Knowing rate of health knowledge \/ \/ \/ \/ \/
Refill and medication adherence scales \/ \/ \/ \/ \/
Quality of life Vv Vv v v v
Depression and anxiety \/ \/ \/ \/ \/
Perceived stress scale \/ \/ \/ \/ \/
Perceived social support \/ \/ \/ \/ \/
Satisfaction \/ \/ \/ \/

 Nurses must be licensed and have at least 1 year of experience in (2) Measures: physicians will provide one-on-one re-education

patient education or health promotion. to patients via WeChat, based on a self-designed push
« All professionals must undergo a brief training program on the program and the brochure “Health Education for
HAPA model, the principles of mobile health interventions, Brucellosis Patients” (50). The push program includes
and effective communication through digital platforms

like WeChat.

scientific articles on brucellosis-related concepts, disease
processes, and case studies. The focus is on the negative
outcomes of advanced brucellosis and the benefits of
The program
emphasizes the importance and effectiveness of adopting

2.5.1.1 Pre-intentional stage effective disease also

At this stage, patients have not yet developed a willingness to

management.
improve health behaviors or engage in functional exercises. healthy behaviors for better outcomes.

2.5.1.1.1 Action self-efficacy.
(1) Purpose: to help patients develop initial self-efficacy and

2.5.1.1.3 Risk perception.
(1) Purpose: to enhance patients’ risk perception and foster a

motivation to change their health behaviors. willingness to engage in positive health behaviors.

(2) Measures: each patient will receive a booklet titled “Health (2) Measures: physicians will push scientific articles on the
Education for Patients with Brucellosis” While distributing disease process to patients via WeChat, based on the “Health
the booklet, the physician will explain common issues, Education for Brucellosis Patients” manual and a self-
encourage a positive approach to the disease, and guide designed push program. The push program includes case
patients to actively improve their health behaviors (31). studies to emphasize the dangers of brucellosis and its
During the initial consultation, physicians will add potential adverse outcomes (51). Additionally, the
patients’ WeChat contact information and categorize importance of forming healthy behaviors and their
them for follow-up health education. For patients with low effectiveness in improving outcomes was emphasized. For
health awareness, physicians will promptly discuss reasons patients with low health beliefs, the emphasis will be on the
for the lack of awareness, help identify solutions, and harmful effects of brucellosis on productivity and the benefits
encourage mutual communication between patients of controlling the epidemic.
and physicians.

2.5.1.2 Intent stage

2.5.1.1.2 Expected outcomes.
(1) Purpose: to provide patients with an initial understanding of ~ 2.5.1.2.1 Action plan.

brucellosis and its later stages. (1) Purpose: enhance patients’ self-efficacy for maintenance
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(2) Measures: patients will receive 10-min health guidance from
the physician via WeChat every Monday. The physician will
help patients develop a long-term health behavior
improvement plan and provide daily reminders via WeChat.
The content of health education topics will be based on
multimedia, in the form of articles, pictures, or videos sent to
the advance WeChat group. For patients with low adherence,
physicians will emphasize the dangers of neglecting animal
husbandry hygiene, the risks of infectious diseases, and the
benefits of maintaining hygienic habits and adhering to
medication schedules. For patients with moderate adherence,
physicians will focus on praise and encouragement to help
maintain their confidence. For patients with high adherence,
physicians will focus on monitoring their progress. Physicians
will proactively seek recovery progress from all patients, guide
them on the correct use of medication, and encourage active
cooperation in treatment. The physician will encourage all
patients to fill out the “Health Behavior Diary,” documenting
daily health behaviors, issues, and experiences encountered.
Patients will also be encouraged to communicate with the
physician promptly, and their health behavior progress will
be regularly evaluated.

2.5.1.2.2 Response plan.

(1) Purpose: to maintain patient self-efficacy by addressing
challenges encountered during treatment.

(2) Measures: healthcare workers are essential in guiding
patients who are livestock farmers towards successful
recovery. Patients are encouraged to prioritize their recovery
and are informed about the risks associated with their
condition. Additionally, their families will be educated to
increase awareness of the disease. Tailoring healthcare
guidance to patients’ lifestyle habits is essential. Furthermore,
collaborating with and seeking the supervision of their
families is crucial. Addressing irregular medication intake is
critical, as healthcare workers engage both patients and their
families in discussions. Analyzing the reasons for

inconsistent medication practices allows healthcare workers
to encourage and acknowledge patients’ efforts to adopt
healthier behaviors. In cases where patients show negative
emotions and stop treatment-related health behaviors,
promptly analyzing the reasons is essential. Appropriate
strategies should be developed to help patients self-regulate
their emotions, facilitating a swift resumption of health
behaviors if interrupted (52).

2.5.2 Control group

In the control group, patients will receive the standard discharge
education provided upon their discharge from the hospital. As part
of this education process, patients will be given a “Brucellosis Health
Education” brochure, which contains essential information about
brucellosis, including lifestyle reccommendations, dietary guidelines,
medication instructions, and potential adverse reactions to be aware
of. Following discharge, patients will receive a telephone follow-up
within a specified period, and an additional follow-up will take place
3 months post-discharge (53). These follow-ups are intended to assess
patient progress, adherence to instructions, and any emerging
concerns related to their condition.
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2.5.3 Regulations on participation adjustment for
interventions

During the implementation of the health education program,
participants retain the right to voluntarily withdraw from the study at
any time. The research team will suspend or modify intervention
measures under the following circumstances:

(1) Participant-initiated withdrawal due to personal reasons;

(2) Termination requested by the participant or legal guardian
based on health or privacy concerns;

(3) Emergence of health-related unexpected issues during the
intervention (e.g., sudden illness or exercise-related injuries);

(4) Research
safety evaluations.

team-determined suspension based on

All withdrawal requests and intervention adjustments must be fully
documented in case report forms, including reasons for withdrawal,
communication details, follow-up measures, and strict adherence to
ethical review requirements for participant privacy protection.

2.6 Plans to promote participant retention
and complete follow-up

To promote participant retention and ensure complete follow-up,
the following strategies will be implemented:

(1) Regular reminders: participants will receive regular reminders
via phone calls, text messages, or emails about upcoming visits
and follow-up appointments.

(2) Telephone contact: in addition to scheduled visits, the research
team will maintain regular telephone contact with participants
to address any concerns, remind them about the study
requirements, and ensure continued participation.

(3) Incentives: participants will be offered small incentives (e.g.,
transportation reimbursement or gift cards) to encourage
retention and timely follow-up.

(4) Data collection for dropouts: if participants discontinue or
deviate from the intervention protocol, efforts will be made to
collect their data, including interviews and questionnaires, to
minimize bias and understand reasons for discontinuation.

2.7 Collection and screening of health
education materials

2.7.1 Sources of health education materials

The health education materials for this study will be sourced from
both domestic and international databases, such as WeChat,
Wikipedia, doctor Q&A platforms, and ZhiNET, and will include both
video and graphic formats. The educational materials, including
medical records, will be scientifically accurate and sourced from Baidu
documents or relevant literature with appropriate references.

2.7.2 Screening of healthy materials

After the health education materials are collected and organized,
experts in Brucella research will review the content according to
predefined criteria. These criteria will include scientific accuracy,
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clarity, relevance to brucellosis management, and comprehensiveness.
Experts will assess the materials for the following factors:

(1) Scientific accuracy: the materials must present information that
is consistent with current scientific understanding and clinical
guidelines on brucellosis.

(2) Clarity and comprehensibility: materials should be written
clearly and be accessible to the target population, including
individuals with varying health literacy levels.

(3) Relevance: the materials must address key aspects of brucellosis
management, including disease awareness, prognosis, self-
management strategies, and prevention methods.

(4) Credibility: sources must be reliable, such as peer-reviewed
literature, trusted health organizations, or recognized
medical professionals.

(5) Multimedia appropriateness: visual and video materials must be of
high quality, informative, and easy to understand for patients.

After the review, experts will suggest necessary modifications to
improve the content. Only high-quality materials meeting these
criteria will be included in the study’s health education database. The
materials will be categorized into sections such as disease awareness,
prognosis, and other aspects of care. These materials will be used to
create personalized push recommendations for patients. The push
database will include article titles, relevant links, sources, material
types, and other pertinent information (54).

2.8 Outcomes measure

Medical staff will distribute the questionnaire via the
Questionnaire Star web platform. Patients will complete it online,
receiving instructions either in person (during hospitalization) or by
phone (after discharge). Demographic information will be collected
through the case system and self-designed questionnaires (Table 1).

2.8.1 Primary outcome
The primary outcome is the proportion of individuals adopting
health behaviors and knowing rate of health knowledge.

2.8.1.1 Proportion of individuals adopting health
behaviors

The health behavior was assessed using a self-designed health
behavior scale, which consists of five domains: (1) frequency of
personal protective measures during contact with livestock (5 items),
(2) frequency of personal protective measures when handling lambs
and aborted materials (5 items), (3) frequency of personal protective
measures when vaccinating livestock (5 items), (4) frequency of
cleaning measures when cleaning animal pens (3 items), and (5)
frequency of hand hygiene maintenance after contact with cattle,
sheep, their placental tissues, or meat products (4 items). Each item
was rated on a 5-point Likert scale: “Never (0), “Rarely (1))
“Sometimes (2);” “Often (3),” and “Almost Always (4).”” One reverse-
scored item was included in each domain. The total score ranges from
0 to 110, with higher scores indicating better health behavior.

This scale was developed to evaluate the frequency of health
behaviors related to occupational safety and hygiene practices among
individuals at risk for brucellosis.
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The proportion of individuals adopting health behaviors is
calculated by determining the proportion of participants who meet
the health behavior standard, as assessed by the health behavior
questionnaire. A threshold score will be established to determine
whether an individual has adopted health behaviors, with a score
above 70 considered indicative of good health behavior formation.
The adopting proportion is then calculated by dividing the number of
individuals exceeding this threshold by the total number
of participants.

2.8.1.2 Knowing rate of health knowledge

The Brucellosis Health Knowledge Awareness questionnaire was
designed based on the “National Brucellosis Surveillance Program”
and tailored to the specific context of Baoding City, Hebei Province.
The questionnaire includes items on awareness of brucellosis, its
clinical symptoms, and modes of transmission. Participants indicated
their knowledge, with correct answers marked as “aware” and
incorrect or unknown answers as “unaware.”

The awareness rate for each item was calculated as the number of
correct responses divided by the total number of valid respondents,
multiplied by 100%. The overall knowledge awareness rate was
calculated by dividing the total number of correct responses by the
product of the total number of respondents and the total number of
questions, then multiplying by 100%.

This questionnaire assesses health knowledge about brucellosis
within the local population, providing essential information for
health interventions.

2.8.2 Secondary outcomes

2.8.2.1 Refill and medication adherence scales

The scale has two dimensions: medication adherence and
medication refilling (55). Medication adherence includes four items,
while medication refilling includes three, for a total of seven items.
Participants were scored on a 4-point Likert scale, ranging from
“never” to “all the time” The 7th question was a reverse question
setting, with a total score of 7-28. A lower score indicates better
adherence. The scale is as follows: Question 1: How often do you forget
to take your medication? Question 2: How often do you decide not to
take your medication? Question 3: How often do you forget to fill your
prescription? Question 4: How often do you still need to take your
medication but do not have it on hand? Question 5: How often do
you miss taking your medication when you are feeling better?
Question 6: How often do you miss taking your medication when
you are not feeling well? Question 7: How often do you plan ahead and
refill your medications before they run out? The ARMS is a valid and
reliable self-report measure of medication adherence. The Chinese
version of the ARMS scale demonstrates good internal consistency
reliability (Cronbach’s a = 0.731) (56).

2.8.2.2 Quality of life, EQ-5D-5L

The EQ-5D-5L is an enhanced version of the EQ-5D, adding five
additional levels to the original five dimensions for a more refined
health status assessment. The EQ-5D-5L scale consists of two parts,
the five-dimensional description and the visual analogue score. The
five-dimensional description includes five dimensions: mobility, self-
care, daily activities, pain or discomfort, and anxiety or frustration.
Each dimension has five levels of difficulty: no difficulty, little
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difficulty, moderate difficulty, great difficulty, and complete difficulty.
The visual analogue score measures overall health on a scale from 0 to
100, with higher scores indicating better health. The visual analogue
scale is a vertical scale, with a top score of 100 for “best health” and a
bottom score of 0 for “worst health.” It provides a continuous variable
for measuring overall quality of life. The Cronbach’s a coefficient of
this scale is 0.857 (57).

2.8.2.3 Anxiety depression ultra short form, PHQ-4

The PHQ-4 is a simplified version of the Anxiety and Depression
Scale, with two dimensions: depression and anxiety. It consists of four
entries, which are scored on a Likert 4 scale (1 = not at all, 2 = for a
few days, 3 = for more than half of the days, and 4 = almost every day).
Participants are required to assess their experiences of anxiety and
depression using this scale. The total score ranges from 4 to 16, with
higher scores indicating more severe anxiety and depression
symptoms. This concise and easy to understand scale enables medical
staff to quickly identify patients with anxiety and depression
symptoms and provide an initial assessment. The PHQ-4 has a
Cronbach’s a of 0.82, demonstrating good internal consistency (58).

2.8.2.4 Perceived stress scale, PSS-4

The Perceived Stress Scale (PSS) is one of the most widely used
tools in the world for measuring psychological stress. Developed by
Cohen et al., the original version contained 14 entries (PSS-14),
consisting of seven negatively descriptive and seven positively
descriptive items. Instead of focusing on specific events, the PSS
assesses the degree to which participants perceive their lives as
unpredictable, uncontrollable, or overloaded. Each item is scored on
a scale of 0-4, with higher scores reflecting greater perceived stress. To
create shorter versions, Cohen et al. selected entries from the PSS-14,
resulting in the PSS-10 and PSS-4, respectively. For the total scale
score, scores of the positive items were reversed and all item scores
were summed, with higher scores indicating higher perceived stress.
In this study, the PSS-4 was used to evaluate stress trends, with a
Cronbach’s a coeflicient of 0.75 for the items (59).

2.8.2.5 Perceived social support scale, PSSS-12

The scale developed by Zimet et al. (75) consists of three
dimensions: family support, friend support, and other support. Each
dimension contains four entries, making a total of 12 entries.
Participants were rated on a 7-point Likert scale from “strongly
disagree” to “strongly agree,” with scores ranging from 12 to 84. A
higher total score indicates a higher level of perceived social support.
The scale categorizes the level of perceived support into three
categories: low (12-36 points), intermediate (37-60 points), and high
(61-84 points). The original scale was initially used with American
college students and has since been translated into multiple languages
for widespread use in various countries. The translations have shown
good reliability, with an internal consistency coeflicient of 0.93 (59).
Furthermore, the scale has been used in studies on perceived social
support and psychological resilience in patients with ischemic stroke
and coronary heart disease.

2.8.2.6 Customer satisfaction questionnaire (CSQ-3)

The CSQ is a widely used questionnaire for assessing user
satisfaction with telemedicine services. This is likely because the CSQ
measures various attributes, including the physical environment,
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procedures, facilitators, service type, treatment staff, service volume
or duration, service quality, outcomes, and overall satisfaction. The
scale consists of three items, each rated from 1 (low satisfaction) to 4
(high satisfaction). Higher total scores indicate better satisfaction. The
Cronbach’s alpha coefficient for the scale is 0.87, indicating good
validity both overall and for each component (60).

2.9 Statistical analysis

Statistical analyses will be performed using SPSS Statistics 26.0
software. Count data will be expressed as the number of cases and rate
(%), while measurement data will be presented as mean + standard
deviation. Before performing parametric tests, normality assumptions
will be tested using the Shapiro-Wilk test. If data is normally
distributed, parametric tests, such as the independent t-test, may
be used. However, if the normality assumption is violated,
non-parametric tests, such as the Mann-Whitney U test, will be used
to compare changes in scale scores between baseline and endpoint
between the two groups. The Wilcoxon signed-rank test will
be employed for within-group comparisons of scale scores between
baseline and endpoint. Demographic and clinical characteristics at
baseline will be summarized descriptively for each group. Categorical
variables will be reported as counts and percentages, and continuous
variables as mean * standard deviation.

For the primary analysis, all randomized participants will
be included in an intention-to-treat (ITT) analysis, regardless of
whether they complete the intervention. For secondary analyses, only
participants who complete the intervention and follow-up will
be included in a per-protocol (PP) analysis.

Regarding missing data, we will explore the missing data and
compare the distribution of key variables. If the missing data is
reasonable in amount and assumed to be Missing at Random (MAR),
multiple imputation methods will be used to handle the missing data for
both ITT and PP analyses. This ensures that the handling of missing data
is consistent across both analysis groups. Baseline variables will be used
as auxiliary variables for imputation, and multiple imputed datasets will
be generated. Linear regression and logistic regression will be applied to
analyze the imputed datasets, and the results will be pooled to provide
final estimates and standard errors. A two-sided test will be used, and
statistical significance will be defined as p < 0.05. The detailed statistical
analysis plan for this study is available for public access at the Chinese
Clinical Trial Registry: ChiCTR Statistical Analysis Plan (https://www.
chictr.org.cn/showproj.html?proj=196659).

2.10 Study management
2.10.1 Data management

2.10.1.1 Data collection

All study results, including clinical and laboratory data, will
be recorded in the participants’ medical records and case report forms
(CREFs). The researchers are responsible for ensuring that all sections
of the CRFs are accurately filled out, and that each piece of information
can be verified against source data. Each completed CRF must
be dated and signed. Data collection will be carried out by trained
research staff, who will adhere to standard operating procedures
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(SOPs) to ensure the accuracy and consistency of the data. All data
will be collected in strict accordance with the research protocol
approved by the ethics committee. Participants’ personal information
and data will be kept strictly confidential, and all records will use
identification numbers instead of personal identifying information.

2.10.1.2 Data storage and archiving

The researchers will store all trial data (including participant
identification numbers, source data, and researcher documents) and
related correspondence materials in the research database. All source
data and related documents will be archived for the long term in
accordance with applicable laws and regulations after the completion
of the trial. Data will be stored in a controlled-access computer system,
with access restricted to authorized personnel only, ensuring the
confidentiality and integrity of the data. The data will be encrypted to
prevent unauthorized access.

2.10.1.3 Data management personnel

Data management will be handled by a dedicated research team
and data management personnel. The data management team will
be responsible for regularly checking data quality to ensure the
integrity and accuracy of the data. Every individual involved in data
management will receive training and sign confidentiality agreements
to ensure adherence to ethical requirements and privacy protection
standards. The principal investigator and data management personnel
will jointly oversee the data management process, ensuring that data
entry and storage comply with the trial protocol.

2.10.1.4 Data disclosure and blinding

This study employs a single-blind design, where participants are
unaware of their group assignments, while the researchers are
informed. Prior to data analysis, the researchers will ensure that the
blinding is maintained. All group allocation information will
be provided to the relevant personnel in sealed envelopes after the
completion of the study. Data analysis will be conducted by an
independent statistical analysis team, and the team will not be involved
with the group allocation information during data processing and
analysis to ensure the impartiality of the results.

2.10.1.5 Data analysis and safety

All data will be stored in a secure research database with strict
access controls to ensure confidentiality and integrity. During the
analysis phase, the data will undergo rigorous preprocessing and
cleaning. Missing data will be handled using appropriate statistical
methods. All analysis results will be processed using statistical
software, and the researchers will follow the pre-established analysis
plan. The final analysis results will be reviewed and verified by the
statistical team to ensure data accuracy and reliability.

2.10.2 Adverse event collection and evaluation

2.10.2.1 Definition and collection of adverse events

Although this study involves a behavioral intervention, potential
adverse effects or harm to participants must still be considered and
monitored. Adverse events in this study include, but are not limited
to, negative reactions potentially related to the intervention process,
psychological stress, social impacts, or any unintended effects arising
from participation.
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While the study is considered low-risk, the research team will
regularly monitor and collect data on any adverse events throughout
the trial period. All participants will be informed that they can report
any potential health or emotional adverse reactions at any time during
the study. Such reports will be kept confidential, and participants will
be encouraged to contact the research team immediately if they
experience any negative effects.

Adverse event data will be collected through multiple channels,
including face-to-face interviews, self-reported questionnaires, and
routine follow-up visits. This comprehensive data collection method
will ensure that all potential negative consequences are identified
and addressed.

2.10.2.2 Adverse event assessment and management

All reported adverse events will be assessed by the clinical team to
determine whether they are related to the intervention and to classify
their severity (mild, moderate, or severe). For each adverse event, the
following details will be recorded: the time of occurrence, nature of
the event, duration, outcome, and whether any medical intervention
is required.

Serious adverse events (SAEs), defined as events requiring medical
intervention or those that significantly impact the participant’s health, will
be immediately reported to the ethics committee for review. Appropriate
actions, including further medical evaluation and adjustments to the
intervention if necessary, will be taken in consultation with the ethics
committee and healthcare professionals involved in the study.

2.10.2.3 Potential negative consequences of the
intervention

Although the behavioral intervention is designed to improve
health behaviors, there are potential risks of unequal allocation of
healthcare resources or exacerbating social inequalities among
certain groups of participants. The research team will pay
particular attention to these socio-economic impacts during the
analysis phase to ensure that no participant group is unfairly
disadvantaged in terms of access to resources or benefits of the
intervention. All participants will have equal opportunities for
participation and the intervention will be implemented equitably
across all groups.

If any participant group experiences unintended negative
consequences due to socio-economic disparities, these will
be addressed promptly, and the intervention will be adjusted as
needed to ensure fairness and equal access for all participants.

2.10.3 Ethics and regulations

2.10.3.1 GCP (good clinical practice)

The procedures set out in this trial protocol relating to the conduct,
evaluation and documentation of this trial are designed to ensure that all
participants in the trial adhere to the ethical principles described in GCP
and the current revision of the Declaration of Helsinki. The trial will
be conducted in accordance with the requirements of local laws and
regulations. The trail has been approved by the Ethics Committee of the
Fourth Central Hospital of Baoding City.

2.10.3.2 Informed consent

Prior to undergoing a clinical trial, subjects will be required to
voluntarily agree to participate after an explanation of the nature,
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scope and possible consequences of the clinical trial. Subjects must
give written consent. Informed consent will be obtained from each
individual patient or the subject’s legally authorised representative.
Patients who are unable to sign but are able to understand the
significance of participating in the study may give verbally witnessed
informed consent. These patients must clearly demonstrate that they
are willing to participate voluntarily and must be able to understand
the interpretation of the contents of the information sheet.

2.10.3.3 Confidentiality

Prior approval has been obtained from the Ethics Committee
before the commencement of this study.

Authorised consent for the use and/or disclosure of personal and/
or health data must be obtained from the patient prior to enrolment.
To protect patient privacy, patient’s age will be recorded on the CRF
without recording the patient’s year of birth, and initials will
be recorded on the CRE The consistency of the data collected on the
CRFs from the study centres will be checked and a data query form
will be issued for inconsistent data requiring clarification by
the doctor.

During clinical trials, results stored on computers will be stored
in accordance with local data protection laws and will be handled in
strict confidence. In order to protect this data, organisational
procedures have been implemented to prevent the distribution of data
to unauthorised persons. Appropriate provisions of local data
legislation will be fully honoured. Authorised persons (clinical
supervisors) may inspect subject-related data collected during the trial
to ensure that the data are legally protected.

2.10.3.4 Researcher responsibilities

Each investigator should ensure that all personnel assisting with
the trial are fully informed about the protocol, any modifications to
the protocol, the trial treatment, and their duties and functions related
to the trial. Investigators should maintain a list of co-investigators and
other appropriately qualified persons delegated with important
judgement-related responsibilities.

2.10.3.5 Approval of test programmes and amendments

Prior to the start of the trial, the trial protocol, informed consent
document and any other appropriate documentation will be presented
to the independent study team members. It must mention the date on
which the decision was made and must be duly signed by a study
member. All ethical and legal requirements must be met before the
first subject is enrolled in the trial.

If any revisions to the study protocol are required, they will be led
by the research team and submitted to the ethics committee for
review and approval. After the revisions, all relevant parties
(including the ethics committee, study team members, and
participants) will be promptly provided with the updated protocol.
Notifications of the revisions will be communicated through email
and formal documentation, ensuring that all stakeholders are
informed of and agree to the changes. The research team will
maintain records of all revisions to ensure transparency and
consistency of the protocol.

2.10.3.6 Ethics committees

The trial will have to inform the Ethics Committee of all
subsequent protocol revisions that require formal approval under local
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legal requirements. The Ethics Committee will have to be informed in
advance of the trial procedures, if not described further in the
documentation. The Ethics Committee will have to be informed of the
end of the trial at the end of this trial. The results of this study will
be made available to the public only after being published in a peer-
reviewed journal.

2.10.4 Clinical supervision

For quality assurance, the trial will comply with ethical and legal
requirements and randomized clinical supervision will be provided in
accordance with the IZKS Standard Operating Procedures based on
the ICH-GCP guidelines. Supervisors will be carried out through
personal visits that implement the clinical examination. Supervisors
will review entries into the CRFs based on source documents. The
investigator must allow the monitor to review all necessary
documentation and must provide support to the monitor at all times.

2.11 Quiality control

To ensure the integrity and reliability of the data throughout the
study, several quality control measures will be implemented. First,
double data entry will be employed, where two independent
researchers will input the same data. Discrepancies will be flagged and
resolved by the study team. Regular data audits will be conducted
periodically (e.g., monthly) to check for data consistency, accuracy,
and completeness. Any issues identified will be addressed promptly.
All research staff will be trained on a standardized data collection
protocol to ensure consistency in procedures.

Additionally, a Data Monitoring Committee (DMC) will oversee
the data collection process and ensure that any issues related to
outliers, missing values, or inconsistencies are addressed promptly.
The DMC will be composed of [specific members, e.g., independent
biostatisticians, ethicists, and clinical experts], and will operate
independently from the study sponsor to avoid any conflicts of
interest. Committee members will not have any financial or other
interests that could influence their decision-making. The DMC will
be governed by a formal charter that outlines its roles, responsibilities,
and procedures for overseeing data integrity and compliance with the
study protocol. The DMC is responsible for deciding whether the trial
should be stopped, particularly if a pre-defined threshold for adverse
events or harms is exceeded, in which case the study will be halted for
safety reasons.

We will use an electronic data capture system to store all data,
which includes built-in validation checks to minimize errors. Finally,
quality assurance procedures will be implemented to monitor overall
adherence to the study protocol, including informed consent and
participant confidentiality. These measures will collectively ensure
high-quality, reliable data for the study, minimizing errors and
maintaining the integrity of the research findings.

2.12 Patient and public involvement

No patient or public involvement occurred in the design or
conduct of this study. The study objectives, methods, and outcome
measures were defined by the research team, without input from
patients or the public.
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3 Discussion

The use of mHealth in patient care has grown significantly since
the COVID-19 outbreak, further accelerated by the World Health
Organization’s call to expand the use of digital technologies to enhance
remote care and support for patients (61). The rise of mHealth has
proven to complement traditional clinical care effectively (62).
Relevant studies have shown that mHealth plays a crucial role in
improving patient adherence and enhancing acceptability, feasibility,
and efficiency in brucellosis treatment (63). Brucellosis, a zoonotic
disease endemic in the Middle East and present in regions such as
China, Africa, and others (64), is classified as a re-emerging and
neglected disease (65-68). In humans, the disease may cause mild
symptoms, but it can also lead to more severe or chronic conditions.
The disease is transmitted to humans through direct contact with
tissues or blood from infected animals or through the consumption
of contaminated animal products, including unpasteurized milk and
cheese. Transmission via gas solvent may also occur (69-71).
Although no human vaccine is currently available (72), efforts are
underway to develop one (73). However, vaccines for animals are
available. To prevent infection, individuals should avoid contact with
infected animals or their products. Human behavior is critical in the
control and prevention of brucellosis. Developing personal skills is
based on the idea that individuals should be provided with the
information and skills to take control of their health, develop strategies
to combat the disease, and change norms to create a social
environment that promotes health and prevention of brucellosis.
Despite evidence suggesting that health promotion interventions
grounded in behavioral science theories are more effective than those
without such frameworks, few studies on brucellosis self-management
have used theoretical models as a guide. Therefore, this study aims to
evaluate an mHealth intervention based on the HAPA model to
enhance self-management among individuals with brucellosis.
Engaging in self-management behaviors is believed to influence both
proximal health outcomes and distal outcomes of health status
improvement (74). HAPA summarizes the key components of the
health behavior change process and provides essential guidelines for
intervention development, which is crucial for designing the
interventions in this study. This study will be the first health
intervention research in China to apply the HAPA theoretical model
as a guide for managing brucellosis patients. The purpose of this study
is to assess the effectiveness of the HAPA model as a theoretical guide
for improving health behaviors in brucellosis patients and to validate
its utility as an effective framework for guiding behavior change. This
study will help address the research gap in postoperative health
management for brucellosis patients in China, guided by health
theory. To more comprehensively capture the impact of the
intervention, the results and discussion will not only compare
outcomes between the intervention and control groups, but will also
include a longitudinal analysis across different time points during the
study, enabling a more detailed understanding of behavioral changes
over time.

The mode of transmission of brucellosis is relatively special,
mainly through contact with animals or their excreta and ingestion of
diseased animals to cause infection. This mode of transmission is not
as intuitive and easy to identify as airborne or direct contact diseases,
and is often overlooked as a result. Brucellosis has a long incubation
period, typically between 2 weeks and 6 months, which makes it
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difficult to detect infection and implement effective preventive and
control measures. Moreover, Brucella, a parthenogenetic intracellular
parasite, is able to evade immune cell attacks and persist and multiply
in the body. This characteristic renders the treatment of brucellosis
challenging, often requiring long-term, combination medication, and
is prone to relapse. Additionally, the clinical symptoms of brucellosis
are complex and easily confused with other diseases, leading to
misdiagnosis and mistreatment. This increases the importance of
exploring ways to promote patients’ self-management to prevent
disease recurrence and improve prognosis, particularly for patients in
the livestock industry who are at a higher risk due to frequent contact
with livestock. In recent years, the development of e-medicine has
changed the way people seek medical advice. With the rapid
advancement of mobile Internet technology, the internet has become
a widely accessible channel for health information. Considering this,
in combination with the current trend of mobile health interventions,
relevant studies have shown the effectiveness of mobile health
interventions in promoting health behaviors. In this study, the HAPA
theoretical model will be used as a guiding framework to improve the
intervention. This study will be the first in China to utilize mHealth
interventions to promote self-management among Brucella patients.
The incorporation of the HAPA theoretical model as a guiding
framework increases the scientific rigor of the study design and fills a
gap in the field of mHealth interventions utilizing the HAPA
theoretical model. The results of this study will assess the feasibility
and effectiveness of applying health-based theoretical models
combined with mHealth applications in disease prognostic health
management models. While this study aims to inform policy
recommendations and technological applications for the development
of mobile health management, these should be considered preliminary
and will require additional evidence from larger trials to substantiate
their broader applicability.

This study investigated the effectiveness of the mHealth
intervention by comparing the experimental group with HAPA as the
guiding theory of mHealth to the control group with routine discharge
education. In future studies, it should also be compared with mHealth
that is not based on the intervention theory. This comparison can
provide insights into the impact of the theory-based approach on the
effectiveness of the mHealth intervention.

The planned study, which aims to enroll 58 participants, serves as
an initial exploratory investigation. However, its small sample size
limits its ability to represent the full spectrum of brucellosis patients,
particularly with regard to geographical, age, gender, and disease
severity diversity. The study is further limited by being conducted at a
single center, which raises concerns about the generalizability of the
findings to other regions, particularly rural and underserved areas
with differing healthcare access. Another limitation is the potential
bias inherent in self-reported data, which may affect the accuracy of
participants’ reported health behaviors and self-management
practices, potentially introducing social desirability or recall bias.
Furthermore, although a 12-month follow-up is planned, the long-
term impact of the intervention remains uncertain, raising the crucial
question of its durability and patients’ sustained adherence. The use of
the WeChat platform for the mobile health intervention, although
widespread in China, presents challenges as not all patients are
familiar with or inclined to use this medium. Additionally, individual
preferences for receiving health information vary, highlighting the
need for further consideration in the study’s design and execution.
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