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Abstract
Background

Prehypertension is an important risk factor for hypertension and related cardiovascular diseases.
Physical activity (PA) is an effective non-drug approach for managing blood pressure and preventing the
progression of prehypertension; however, maintaining long-term PA habits is often challenging.
Combining behavior change theories with wearable devices and large language model (LLM)-based
chatbots may offer more adaptive and personalized support by integrating user profiles, real-time activity
data, and conversational feedback to address individual barriers to PA. However, little is known about the
effectiveness of these interventions.

Objective

This study aims to assess the effectiveness of HabitBot, an LLM-integrated PA behavior change chatbot,
in promoting PA habits among adults with prehypertension. It also explores how PA habits are formed
and evaluates the intervention’s usability and acceptance.

Methods

This is a 12-month, two-arm parallel, pragmatic randomized controlled trial (RCT) with an embedded 3-
month intensive longitudinal study. A total of 118 participants will be recruited from two companies and
social media platforms in Beijing, China. Participants will be randomly assigned to one of two groups:
the intervention group, which will receive a wearable blood pressure monitoring smartwatch paired with
HabitBot, a chatbot powered by an LLM designed to support PA habit formation through personalized PA
prescriptions, health advice, and motivational feedback; or the control group, which will receive the same
smartwatch, a standard PA prescription, and access to a health app offering general education on blood
pressure management. The primary outcome is daily step count, measured via the smartwatch.
Secondary outcomes include physical activity levels, blood pressure, body composition, and
psychological factors relevant to behavior change theories. Data will be collected at baseline, 3, 6, and
12 months.

Results

This study will provide insights into the effectiveness of HabitBot in promoting PA habits and improving
health among prehypertensive adults. It will also explore the mechanisms underlying PA habit formation
through detailed longitudinal data analysis.

Conclusion
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The results of this study could help shape future LLM-integrated interventions aimed at long-term PA
promotion and prehypertension management. By examining both reflective and reflexive pathways of
habit formation, this study advances digital health strategies for reducing cardiovascular risk.

Trial Registration

Chinese Clinical Trials Registry, ChiCTR2400085073, Registered May 30, 2024

Introduction

Prehypertension represents a critical window for early cardiovascular disease prevention. Hypertension
remains a major contributor to cardiovascular morbidity and mortality worldwide, with global prevalence
estimates indicating that over 30% of adults are affected(1). In 2015, approximately 8.5 million fatalities
were associated with elevated blood pressure, especially in low- and middle-income countries(2).
Prehypertension (i.e., normal high blood pressure in China), characterized by systolic blood pressure
between 120-139 mmHg and diastolic blood pressure between 80-89 mmHg, is a crucial target for
early intervention to prevent progression to clinical hypertension. In China, approximately 28.5% of adults
with prehypertension develop hypertension within 2 years if preventive measures are not
implemented(3). The 2024 Chinese Guidelines for the Prevention and Treatment of Hypertension
specifically distinguish between normal high blood pressure and normal blood pressure and emphasize
lifestyle interventions for this population(4).

Physical activity (PA) is a core non-pharmacological strategy for prehypertension management, yet
insufficient and unsustained PA remains common. Regular PA can reduce the risk of progression to
hypertension, with average blood-pressure-lowering effects comparable to those of commonly used
antihypertensive medications in some analyses(5, 6). Current guidelines generally recommend at least
150-300 minutes per week of moderate-intensity aerobic PA, or 75-150 minutes per week of vigorous-
intensity aerobic PA, together with muscle-strengthening activities on at least two days per week when
feasible(7). However, many adults fail to achieve or maintain recommended PA levels, and exercise
advice alone may be insufficient to produce sustained cardiovascular risk reduction among individuals
with prehypertension or hypertension(8). Common barriers to PA adherence include lack of time, fatigue,
competing work or family responsibilities, low motivation, low self-efficacy, uncertainty about
appropriate exercise intensity, lack of social support, environmental barriers, and disrupted routines(8).
These barriers suggest that interventions for adults with prehypertension should not only prescribe PA
but also help individuals translate PA recommendations into feasible, repeatable daily practices(9).

Although previous interventions involving adults with prehypertension have produced short-term
improvements in blood pressure and related lifestyle behaviors, they have commonly relied on
supervised or structured exercise programs, standardized exercise advice, and time-limited behavioral or
multicomponent lifestyle counseling(10, 11). Such approaches primarily target reflective, motivational,
and self-regulatory processes and can improve knowledge, risk perception, intention, and self-
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efficacy(11, 12). However, they often provide limited continuous, context-sensitive support for translating
intention into repeated behavior in everyday life and for maintaining PA after the intensive intervention
period has ended(13). Long-term PA maintenance requires more than knowing what to do or intending to
be active; it also requires repeated performance in stable contexts so that behavior becomes easier to
initiate with less conscious effort(14). Therefore, a habit formation perspective is needed to complement
traditional motivational and self-regulatory approaches, particularly in interventions designed to support
sustained PA among adults with prehypertension(14).

Habit formation theory offers a mechanism-based approach to sustaining PA behavior. A habit is a
learned process in which exposure to a stable contextual cue automatically triggers an urge to perform a
behavior, with less reliance on conscious deliberation(15). In this study, “automatic cue—behavior
associations” refers to learned links between recurring cues, such as time, place, preceding activity, or
social context, and the initiation of PA(12, 13). Habit formation interventions aim to strengthen these
associations by promoting repeated performance in stable contexts, cue selection, action planning, self-
monitoring, feedback, problem-solving, and reinforcement(16). Accumulating evidence suggests that
habit formation interventions can improve PA habit strength and PA behavior(16-18). By linking PA to
existing routines and reinforcing repeated performance in daily contexts, these interventions may help
PA become less dependent on momentary motivation and more likely to be initiated automatically(19).
This evidence supports integrating habit-formation strategies into PA interventions to enhance long-term
maintenance.

Digital health technologies may provide scalable and continuous support for PA behavior change and
habit formation. Wearable activity trackers can provide objective monitoring and feedback, and evidence
suggests that wearable-based interventions can increase PA in adults(20). Chatbot-based interventions
may further support PA promotion by providing interactive education, reminders, feedback, and
motivational support. Two systematic reviews found that chatbot interventions were effective in
improving lifestyle behaviors, including total PA, daily step count, and moderate-to-vigorous PA(21, 22).
Large language models (LLMs) may extend earlier rule-based chatbots by enabling more flexible natural-
language responses, multi-turn dialogue, contextual understanding, and individualized problem
solving(23). These functions may be particularly relevant for PA habit formation because users often
need timely support when they miss planned exercise, encounter barriers, need to adjust goals, or need
help identifying feasible cues and rewards(24, 25).

Despite their potential, LLM-integrated chatbots have not yet been adequately evaluated as tools for
sustained PA behavior change. Existing studies of LLM-based conversational agents in health behavior
change have largely been short-term or formative and have primarily examined feasibility, usability, and
user experience rather than long-term behavioral outcomes(23, 26). Moreover, how these systems may
influence behavior remains poorly understood, particularly among adults with prehypertension. By
delivering context-sensitive, personalized, and adaptive support, LLM-integrated chatbots may enhance
engagement and help users address motivational, self-regulatory, and contextual barriers to sustained
PA. However, these proposed benefits require rigorous evaluation in long-term intervention studies.
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The present study addresses three specific gaps. First, few interventions for adults with prehypertension
integrate quantified PA guidance, objective wearable-based monitoring, and continuous behavioral
support within a single intervention. Second, existing PA interventions have predominantly targeted
reflective determinants, such as knowledge, intention, and self-efficacy, with less attention to reflexive
processes involved in habit development, including context stability, intrinsic reward, and habit strength.
Third, limited evidence is available on whether an LLM-integrated chatbot can produce sustained
improvements in PA and through which reflective and reflexive mechanisms such changes may occur.
Accordingly, this protocol describes a 12-month randomized controlled trial evaluating HabitBot, an LLM-
integrated chatbot designed to promote PA and facilitate PA habit formation among adults with
prehypertension. Daily step count is the primary behavioral outcome because it provides an objective
and continuously measurable indicator of PA, whereas PA habit strength and related reflective and
reflexive psychological constructs are assessed as secondary and mechanistic outcomes. A 3-month
intensive longitudinal assessment embedded within the trial will further examine the temporal processes
through which PA behavior and habit strength change during the intervention.

Methods
Aims of the study

This protocol paper outlines the design, intervention components, outcome measures, and planned
analyses for a 12-month randomised controlled trial of HabitBot, an LLM-integrated PA behaviour-change
chatbot for adults with prehypertension. The trial aims to evaluate HabitBot's effectiveness in increasing
PA, primarily assessed by average daily step count. It also seeks to explore PA habit formation and its
underlying reflective and reflexive mechanisms through intensive longitudinal data collection, and to
assess participants’ engagement, usability, and acceptance of the intervention.

Study Design

This study is a 12-month, two-arm parallel, randomized controlled trial (RCT) with an embedded intensive
longitudinal study lasting 3 months. Given the controlled recruitment procedures and research-specific
measurement schedule, this trial is more accurately characterized as an efficacy trial aimed at
establishing proof of concept for the HabitBot intervention under standardized conditions. This study
was reported in accordance with the Guidelines for Reporting Outcomes in Trial Protocols (SPIRIT-
Outcomes 2022)(27). A total of 118 participants will be recruited from two companies and through
social media platforms for the intervention. This study was registered in the Chinese Clinical Trials
Registry (Registration Number: ChiCTR2400085073) and received ethical approval from Peking Union
Medical College (Ethics Approval Number: PUMCSON-2024-23). This manuscript reflects the protocol
version 1.0 (dated November 24, 2024). The Chinese Academy of Medical Sciences and Peking Union
Medical College (School of Nursing) sponsored the trial. Figure 1 illustrates the overall study design and
timeline, including the baseline assessment, 3-month intensive intervention period, follow-up
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assessments at 3, 6, and 12 months, and daily measurements of psychosocial constructs during the
intensive phase.

Note

EMA, ecological momentary assessment. The green bar indicates the 3-month intensive EMA period
during months 1-3. The enlarged 24-hour panel illustrates a representative day within this period, during
which participants complete a single evening EMA survey via the study WeChat mini program.

Study Setting and Recruitment

The study is being conducted in Beijing, China, starting on October 8, 2024, and will be completed by
December 15, 2025. Both companies are large technology corporations in Beijing, where the workforce is
predominantly sedentary office workers engaged in computer-based work with extended screen time
and low physical activity levels—a demographic with a documented elevated prevalence of
prehypertension(28). Employees in this sector represent an increasingly common urban occupational
profile at elevated cardiovascular risk, making them a high-priority target population for early
intervention. Both active and passive recruitment strategies were employed to enhance sample
representativeness. Passive recruitment involved posting digital flyers on social media, allowing
interested individuals to contact the research team via WeChat, a widely used Chinese messaging and
social media platform. Active recruitment involved direct engagement with companies, in which the
research team introduced the study to management and, upon approval, posted recruitment notices on
company premises. Participants from both recruitment channels were required to attend two in-person
blood pressure measurements conducted by registered nurses and to complete a baseline questionnaire
to determine eligibility. A flowchart of participant recruitment and study implementation is shown in

Fig. 2.

Participants

Participant recruitment will commence in October 2024 and will be completed by January 15, 2025.
Before randomization, eligibility screening will be conducted in three steps. First, potential participants
will complete a structured self-report health questionnaire covering medical history, medication use,
smoking and alcohol status, pregnancy or lactation status, and history of major cardiovascular diseases
or severe health conditions, including myocardial infarction, stroke, heart failure, renal failure, cancer, and
other conditions that may affect safe participation in physical activity. Second, registered nurses will
review the questionnaire and conduct two in-person blood pressure measurements on different days to
confirm prehypertension status. Third, participants who report relevant cardiovascular or other severe
health conditions, present with abnormal findings, or have uncertain exercise suitability will be referred
for a cardiologist's assessment before enrollment. Participants considered unsuitable for exercise
intervention after clinical review or cardiologist assessment will be excluded.
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Participants must meet the following criteria before randomization: 1) aged 18-60 years with
prehypertension (systolic BP 120—139 mmHg or diastolic BP 80-89 mmHg, measured twice on different
days). 2) physically inactive, defined as International Physical Activity Questionnaire-Short Form score
indicating < 150 minutes of moderate-to-vigorous physical activity per week during the past month; 3)
willing and able to follow the intervention program; 4) able to read Chinese; and 5) capable of using
chatbots and related technologies.

The exclusion criteria were as follows: 1) diagnosed hypertension or use of antihypertensive medication;
2) major cardiovascular diseases or other severe health conditions, including recent myocardial
infarction, stroke, heart failure, renal failure, or cancer; 3) acute health conditions that may affect safe
participation in physical activity; 4) cognitive impairment or communication disorders; 5) participation in
other intervention studies; 6) pregnancy or lactation; and 7) being considered unsuitable for exercise
intervention after clinical review or cardiologist assessment.

All participants will provide written informed consent before enroliment. They will be informed of their
right to withdraw from the study at any time without penalty. Participants will receive a HUAWEI WATCH
D smartwatch at enroliment as the primary data collection device throughout the trial. Upon successful
completion of all 12-month follow-up assessments, the participant will retain the smartwatch as
compensation for their time and contribution. Participants will be instructed to continue their usual
medical care and lifestyle during the trial and to avoid enrolling in any new formal exercise or lifestyle
programs outside the study. Any changes in health status or medication during the trial should be
reported to the research team. Changes in health status or medication use during the trial will be
captured systematically through follow-up questionnaires at 3, 6, and 12 months, as well as participant-
initiated reports. Participants will be instructed to report any new diagnosis, medication change, adverse
event, or condition affecting exercise safety to the research team as soon as possible. All reported
changes will be documented in the study records and reviewed by the research team.

To promote participant retention, the research team will maintain regular contact with participants
through WeChat or phone. Reminders about upcoming follow-up assessments will be sent, and
scheduling will be made as convenient as possible for participants. Participants who discontinue or
deviate from the intervention will be encouraged to attend all remaining follow-up assessments unless
they withdraw their consent entirely.

Randomization and Blinding

In this study, randomization will be performed at the cluster level for company-recruited participants for
logistical and feasibility reasons, given the organizational structure of company-based recruitment. While
cluster randomization in co-located workgroups does not fully prevent contamination—as coworkers
may interact and share information about the intervention—we consider this risk manageable given that
the primary outcome (step count) is measured objectively. Participants will be unaware of the study
hypothesis. Clusters will be defined based on pre-existing workgroups within each participating
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company. Each company will contribute approximately 11 clusters, for a total of 22, with each cluster
comprising 4-5 participants. These clusters will include individuals working in the same location and
functional department, as verified by the company’s HR department. Teams with 4-5 members will be
included; teams smaller than 4 or larger than 6 will be excluded or split accordingly. This structure
ensures that randomization is applied to groups rather than to individuals within a company setting.

For participants recruited via social media, individual randomization will be used to assign them to the
study without the constraints imposed by clustering. Social media recruits will be randomly assigned to
either the intervention or control group using the same computer-generated sequence used for the
cluster assignments. The rationale for using both recruitment channels is to enhance the
representativeness of the sample among occupational and community-dwelling prehypertensive adults:
company-based recruitment targets sedentary office workers with a high prevalence of prehypertension,
while social media recruitment captures a broader community population.

Randomization for both company-based clusters and socially recruited individuals will be conducted by
an independent statistician using the PROC PLAN procedure in SAS (version 9.4). Participant blinding
cannot be guaranteed given the digital nature of the intervention, but participants will be unaware of the
study hypothesis to minimize expectancy effects. To further reduce performance bias, the control group
will receive a health management app compatible with the HUAWEI D smartwatch that also provides
general health education on physical activity, diet, and sleep.

Sample Size

The sample size was calculated for the primary between-group comparison of objectively measured
physical activity. Two design considerations were incorporated. First, the active control group receives a
wearable activity tracker and access to a health application, both of which may independently increase
physical activity, thereby reducing the between-group effect compared with studies using passive control
conditions. Second, most participants are recruited through participating companies and randomized at
the company level, requiring adjustment for within-cluster correlation.

Gal et al. reported a standardized mean difference of 0.51 for digital physical activity interventions(29).
To account for the expected attenuation of the treatment effect due to the active control condition, this
estimate was reduced by approximately 20%, yielding a conservative anticipated standardized mean
difference of 0.40. This value is also broadly consistent with the effect size of 0.44 reported by Singh et
al. for chatbot-based physical activity interventions(21).

For a two-group comparison with a two-sided significance level of 0.05, 80% statistical power, and a
standardized mean difference of 0.40, approximately 200 evaluable participants are required under
individual randomization. For the company-recruited component, the design effect was estimated using
1+(m-1) \ times ICC. Assuming a mean cluster size of 4.5 and an intraclass correlation coefficient of
0.05, the cluster-specific design effect was 1.175. Because approximately 80% of participants will be
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randomized by company and 20% will be randomized individually, a weighted design effect of
approximately 1.14 was applied.

After adjustment for the partially clustered design, approximately 228 evaluable participants are
required. Allowing for an anticipated dropout rate of 20%, the final recruitment target was set at 286
participants. For operational feasibility and balanced allocation, the target may be rounded to 288
participants, with 144 participants allocated to each study group.

Intervention Arm

Participants in the intervention arm will receive a Huawei Watch D smartwatch and use HabitBot for 12
months. HabitBot is an LLM-integrated conversational intervention delivered via a WeChat mini program,
a lightweight application embedded within WeChat. Its development, technical architecture, theory-
informed design, and safety procedures are described in detail in our previous development study(24).
Briefly, HabitBot was developed using a user-centered, multidisciplinary approach and was informed by
the Health Action Process Approach (HAPA) and Habit Formation Theory to support both the reflective
and automatic processes involved in PA behavior change(15, 30). These theory-informed components
are delivered through a structured prompting approach in which each LLM-supported interaction
incorporates participant profile information, baseline assessment data, current PA goals, recent PA plan
and completion status, wearable-derived activity and blood pressure data, user questions or feedback,
and predefined safety and scope-control instructions.

In the system design, the HAPA is operationalized through functions that support risk awareness,
outcome expectancy, self-efficacy, action planning, coping planning, and self-regulation. Specifically,
HabitBot helps participants understand the relevance of PA for prehypertension management, establish
individualized PA goals, receive tailored exercise recommendations, identify anticipated barriers,
generate coping strategies, and review progress through interactive dialogue. Habit Formation Theory is
operationalized through repeated PA planning, context-specific reminders, stable cue—behavior routines,
self-monitoring, and reinforcement of repeated PA performance in daily life. These theory-informed
functions are intended to help participants move from intention formation and goal setting to repeated
PA performance and gradual habit development.

Based on the Behaviour Change Technique Taxonomy v1, the core behavior change techniques
embedded in HabitBot include goal setting (behavior), goal setting (outcome), action planning, problem
solving, feedback on behavior, self-monitoring of behavior, social support, instruction on how to perform
the behavior, information about antecedents, behavioral practice/rehearsal, habit formation, and self-
reward. The detailed mapping of HabitBot components to theoretical constructs and behavior change
techniques has been reported in our previous development study(24).

As shown in Fig. 3, HabitBot includes four modules: My Coach, My Plan, My Data, and User Center. My
Coach offers personalized PA goal setting, exercise recommendations, and interactive support to
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overcome barriers. My Plan displays scheduled activities and sends reminders and motivational
prompts. My Data presents wearable-derived measures, including step count, heart rate, and blood
pressure, to support self-monitoring and progress tracking. User Center lets participants manage
personal settings, review their PA history, and customize intervention preferences.

Participants interact with HabitBot through both scheduled and user-initiated conversations. Structured
interactions occur during the initial assessment, weekly goal setting and review, scheduled PA reminders,
follow-up for missed or incomplete activities, and scheduled follow-up assessments. Participants may
also initiate conversations at any time to ask questions, report difficulties, request PA adjustment, or
seek motivational support. Participants complete an initial assessment of their health status, injury
history, baseline PA level, exercise preferences, available time, and perceived barriers. Based on these
data, HabitBot recommends an individualized weekly PA goal and generates a weekly PA plan.
Participants may accept or modify the recommended goal through multi-turn dialogue before
confirming. The confirmed weekly goal is translated into scheduled daily PA activities and reviewed
weekly. Reminders are delivered via WeChat mini program notifications and are triggered by scheduled
PA activities, missed or incomplete planned activities, and weekly goal review time points.

During the intervention, personalized recommendations are further adjusted based on each participant’s
current PA goal, recent PA plan, goal completion status, wearable-derived activity and blood pressure
data, user-reported difficulties, and previous interaction history. Plan modifications are triggered by
predefined conditions, including insufficient goal completion, missed or incomplete scheduled activities,
wearable-derived PA levels substantially below the planned target, user-reported barriers or discomfort,
changes in health status, or participant requests for adjustment.

For each LLM-supported interaction, the input includes a structured system prompt, the participant’s
profile, current PA goals, recent PA plan and completion status, relevant wearable-derived data, the user’s
question or feedback, and predefined safety and scope-control instructions. The LLM then generates
context-sensitive responses, such as motivational feedback, exercise adjustment suggestions, barrier-
solving strategies, and action or coping planning support. Multilayered safety mechanisms restrict
responses to the PA behavior change and prehypertension management domain and escalate potentially
unsafe or out-of-scope health-related queries for professional review. The intervention is delivered in
Simplified Chinese.

Note

Module labels in the interface reflect the Chinese-language version; English translations used in the text
(My Coach, My Plan, My Data, User Center) correspond to the primary functional descriptions of these
modules.

Active Control Arm
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Participants in the control group will receive a one-time, individually tailored PA prescription delivered in
a single 30-minute face-to-face session with an advanced practice registered nurse, following the
American College of Sports Medicine (ACSM) guidelines for prehypertensive individuals. Participants
will also be instructed to contact the researchers with any health-related questions during the
intervention. Additionally, to isolate the net effect of traditional mobile health, the control group will
receive a wearable smartwatch and a compatible health app, CoHealth, which will provide visualization
of smartwatch-collected data and general health education covering PA, diet, and sleep.

Outcomes and Measures

Overview of Assessment Schedule

As depicted in Table 1, outcomes and related variables will be assessed at baseline and at 3, 6, and 12
months, with additional daily or continuous data collection during the intervention period. An intensive 3-
month ecological momentary assessment (EMA) period will also be conducted during months 1-3 of
the intervention. During this period, participants in both groups will complete daily evening EMA surveys,
approximately between 20:00 and 22:00, via the study WeChat mini program to assess reflective and
reflexive pathway variables related to PA habit formation. Each survey includes the Health Behavior
Questionnaire (HAPA-based items assessing the reflective pathway: PA intention, outcome expectancy,
risk perception, self-efficacy, social support, action planning, and coping planning) and the Self-Report
Behavior Automaticity Index (SRBAI; assessing the reflexive/automatic pathway: habit strength, context
stability, intrinsic reward, intrinsic motivation, PA affect, and PA identity).

Primary Outcomes

The primary outcomes are average daily step count and physical activity level over the specified
assessment periods. Step count will be collected continuously throughout the 12-month intervention
using the HUAWEI WATCH D smartwatch. For outcome assessment at each time point, average daily
step count will be calculated over a predefined 7-day assessment window at baseline and immediately
before the 3-, 6-, and 12-month follow-up assessments. Only valid wear days, defined as days with at
least 12 hours of smartwatch wear, will be included in the calculation. The study will use step-count
values generated by the manufacturer’s proprietary algorithm based on the smartwatch’s embedded
accelerometer data; the research team will not access or process raw acceleration data to derive step
count. The processed step-count data will be transmitted in real time to a cloud server via an application
programming interface (API) that relays data directly from the user’s wearable device. Although direct
validation evidence for step-count measurement using the HUAWEI WATCH D is limited, a daily-life
validation study of the Huawei GT2 smartwatch reported acceptable accuracy for measuring physical
activity, including step count, among adults(31). Therefore, smartwatch-derived step count will be used
as an objective indicator of PA in this trial. To ensure consistency in between-group comparisons, all
participants in both groups will use the same HUAWEI WATCH D device model and follow the same wear
instructions. Physical activity level will be assessed using the International Physical Activity
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Questionnaire (IPAQ) at baseline and 12 months. Participants will be asked to wear the smartwatch on
the non-dominant wrist for at least 12 hours per day and to manually initiate smartwatch-based blood
pressure measurements at least three times per week during the trial. Wearable-derived heart rate, blood
pressure, step count, and wear compliance data will be collected continuously throughout the 12-month
intervention period. The HUAWEI WATCH D, an oscillometric wrist blood pressure monitor, was selected
because it provides wrist blood pressure measurements that meet the requirements of the
AAMI/ESH/ISO Universal Standard(32). The questionnaire-based measures used in this study, including
the IPAQ(33), HAPA-based Questionnaire(34), SRBAI(35), and Sinicized Chatbot Usability Scale(36), were
selected because they have been widely used in previous health behavior and digital health research and
have demonstrated acceptable reliability and validity.
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Table 1
Assessment schedule by time point

Measures Baseline Daily / Daily 3 6 12
continuous EMA months months months
for 12 during
months months

1-3
months

Sociodemographic v

characteristics

Medical history, v v'* v'* v'*
medication use, smoking,

alcohol status, and family

history

Screening for major v

cardiovascular diseases

and severe health

conditions

Office blood pressure v v v v

measured by registered
nurses

Wearable-derived blood v
pressure

Daily step count
Heart rate

Smartwatch wear

compliance

Physical activity level v v
measured by IPAQ

Height

Waist circumference v v

Body weight, body fat v

percentage, muscle mass,
bone mass, BMI,
metabolic age, and
visceral fat grade

Reflective pathway v v v v v
variables: PA intention,

outcome expectancy, risk

perception, self-efficacy,

social support, action

Note. *Changes in medical history, medication use, and health status will be recorded during follow-
up assessments if applicable. EMA, ecological momentary assessment; IPAQ, International Physical
Activity Questionnaire; PA, physical activity; BUS, Chatbot Usability Scale.
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Measures Baseline Daily / Daily 3 6 12
continuous EMA months months  months
for 12 during
months months

1-3
months

planning, and coping

planning

Reflexive pathway v v v v v

variables: habit strength,

context stability, intrinsic

reward, intrinsic

motivation, PA affect, and

PA identity

Chatbot engagement: v

active usage frequency,

feature utilization, and

interaction duration

Chatbot usability and v

acceptance measured by

BUS

Note. *Changes in medical history, medication use, and health status will be recorded during follow-

up assessments if applicable. EMA, ecological momentary assessment; IPAQ, International Physical

Activity Questionnaire; PA, physical activity; BUS, Chatbot Usability Scale.

Secondary Outcomes

1) Blood pressure: Registered nurses on the research team used Omron U10K automatic blood pressure
monitors for measurements. The day before the measurement, participants were advised to avoid
caffeine, nicotine, and strenuous exercise. Before the formal measurement, the participants were asked
to rest for at least 10 minutes in a quiet room. For the first blood pressure measurement, the left and
right arms are measured separately, and the higher value is used as the first reading. BP should be
measured a second time at 1-2 minute intervals, and the average of the two readings should be taken. If
the difference between the two measurements exceeds 10 mmHg, the blood pressure will be measured
once, and the average of the three measurements will be the final blood pressure value.

2) Height and waist circumference will be measured twice using certified instruments.

3) Body weight, body fat percentage, muscle density, bone mineral density, BMI, metabolic age, and
visceral fat grade: all measurements were performed using the TANITA Inner Scan V multifunction body
composition analyzer. By analyzing the impedance values of the current passing through different
tissues in the body, the device automatically calculates and displays parameters such as body weight,
body fat percentage, muscle mass, bone mass, and BMI. In addition, the device extrapolated
participants’ metabolic age and visceral fat grade from these indicators.
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4) Reflective pathway: We used the Health Behavior Questionnaire (based on the HAPA model) to assess
participants' cognitive processes related to physical activity, including PA intention, outcome expectancy,
risk perception, PA self-efficacy, social support, PA action planning, and PA coping planning.

5) Reflexive pathway: We used the Self-Report Behavior Automaticity Index (SRBAI), which includes PA
habit strength (instigation), PA context stability, PA intrinsic reward, PA intrinsic motivation, PA affect,
and PA identity, to evaluate the reflexive pathway of developing PA habits over time.

6) Usability evaluation: The Sinicized and culturally adjusted Chatbot Usability Scale (BUS) will be
provided to the participants for evaluation at the third month of the study.

7) Sociodemographic characteristics: age, sex, education, income levels, and medication use; history of
disease, smoking, and alcohol use; and family history of hypertension or cardiovascular disease were
collected and used as confounders in the analyses.

8) Engagement, usability, and adherence: Chatbot engagement will be operationalized as: (a) daily active
usage frequency (number of user-initiated sessions per day), (b) feature utilization (proportion of My
Coach, My Plan, and My Data modules accessed), and (c) total interaction duration per session, all
automatically logged by the HabitBot server. Usability will be assessed at 3 months using the Sinicized
BUS, which evaluates participants’ perceived ease of use, usefulness, interaction quality, and overall
acceptability of the chatbot. Intervention adherence will be tracked using multiple indicators, including
smartwatch wear compliance, completion of planned PA activities, frequency of smartwatch-based
blood pressure measurements, EMA survey completion during the 3-month intensive period, and chatbot
usage patterns. Smartwatch wear compliance will be monitored via the device's continuous wear log.
Participants who wear the device for fewer than 12 hours per day on more than 30% of monitored days
will be flagged for follow-up contact and adherence support.

Data Management

Data management will adhere to standardized protocols to ensure data quality and participant
confidentiality throughout the study. All participants will be assigned unique identification codes to
maintain anonymity and allow tracking in the case of missing follow-up data. During data collection, a
double-entry checking procedure will be implemented to minimize data entry errors and enhance
accuracy. Data will be entered into Epidata 3.1, allowing for cross-verification of entries to ensure
consistency and reliability before analysis. If abnormal or inconsistent data are detected, the original
questionnaires or records will be reviewed and verified before proceeding to the next step of the
analysis. All data will be stored securely in a password-protected electronic database, with access
restricted to the authorized members of the research team. Regular data audits will be conducted to
ensure the integrity of the data. Any changes to the data will be logged and documented to maintain
transparency.

Statistical Analysis
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All analyses will be conducted on an intention-to-treat basis, including all participants in the groups to
which they were randomized, regardless of adherence or dropout (if the outcome data are available)(37).
Prior to breaking the randomization code for analysis, the data will be cleaned and verified as described.
Statistical significance will be evaluated at the 0.05 two-sided level for the primary outcomes.

Baseline characteristics of the two groups will be summarized to assess comparability. Continuous
variables will be reported as mean * standard deviation (or median and interquartile range if not normally
distributed), and categorical variables will be reported as frequencies and percentages. Any notable
baseline imbalances will be noted and adjusted for in the analyses if needed. Baseline differences
between groups will be evaluated using independent t-tests or Mann-Whitney U tests for continuous
variables and chi-square tests or Fisher's exact tests for categorical variables, as appropriate. Formal
hypothesis testing at baseline is for descriptive purposes only; covariates will be pre-specified in the
statistical analysis plan based on clinical and theoretical relevance.

The primary outcomes (daily step count and IPAQ-measured PA) will be analyzed using mixed-effects
models to account for repeated measures over time (baseline, 3, 6, and 12 months) and cluster-based
randomization for a subset of participants. These models will include fixed effects for group, time, and
group-by-time interaction, and will include appropriate random effects to account for within-participant
repeated measures and cluster-based randomization for the subset of participants randomized by
workgroup cluster. Continuous secondary outcomes such as blood pressure and weight will be analyzed
using generalized estimating equations (GEE) or linear mixed models(38), as with the primary outcomes,
to account for repeated measures and clustering.

To address the second aim, we will explore how the intervention influences habit formation pathways.
Multilevel modeling will be employed to analyze the intensive longitudinal data (e.g., daily HAPA
questionnaire items and SRBAI scores collected each evening via EMA during the first 3 months)(39).
These models (e.g., multilevel regression or time-series analyses) capture within-subject changes in
habit strength and determine whether these changes mediate improvements in PA behavior. We may
conduct mediation analyses where changes in reflective (e.g., self-efficacy) and reflexive (habit
automaticity) measures are tested as mediators between group assignment and PA outcomes at 12
months. Subgroup analyses may be performed to determine whether the intervention effects differ by
factors such as age, sex, baseline activity, or recruitment source, although these will be considered
exploratory.

Missing data will be handled carefully to minimize any bias. We will make every effort to follow up with
participants who discontinue the intervention but not the study. If outcome data are missing for some
participants at certain time points, we will examine the extent and patterns of missing data. If data are
missing at random (MAR assumption is plausible), we will use mixed-model analyses that can handle
incomplete repeated measures under MAR or apply multiple imputations for sensitivity analysis. We plan
to perform multiple imputations for missing outcome data using relevant covariates and baseline values
to create several imputed datasets, then analyze each and pool the results. The primary analysis will be
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compared with a complete case analysis to ensure robustness. We will also conduct sensitivity analyses,
such as per-protocol (including only those with high adherence), to determine whether the results are
consistent.

No formal interim efficacy analysis is planned because of the relatively short duration and minimal risks
of the trial; thus, no early stopping rules for efficacy have been defined. All hypothesis tests will be two-
tailed with a = 0.05, and confidence intervals will be provided for the effect size estimates. Statistical
analyses will be performed using IBM SPSS Statistics version 27.0 and R (version 4.3.1). All analysis
procedures (especially for primary outcomes) will be documented in a statistical analysis plan, which will
be finalized before locking the database.

Data Monitoring

A Data Monitoring Committee (DMC) was established to oversee participant safety and data integrity
during the trial. The DMC was composed of two members from the Biomedical Ethics Committee of
Peking Union Medical College School of Nursing and one senior clinical researcher, none of whom were
otherwise involved in this study. The DMC members have no financial or professional conflicts of
interest with the trial outcomes and are independent of the investigators and sponsor. The DMC will
review the progress of the trial and any safety issues at regular intervals (approximately every 3—-6
months). They will evaluate the recruitment rates, data quality, and any reported adverse events.

Adverse Events Reporting

Participants are given access to report adverse events by calling the study telephone line. All
researchers will be trained to record the details of any adverse events, and a participant will be followed
until the event is resolved. All potential adverse events will be reported and reviewed by the principal
investigator. Possible adverse effects may include injuries resulting from increased physical activity.

Furthermore, if there are any technical problems (such as a broken connection or an error in data
transmission), the technical team will fix it in time within a day. If there are any significant deficiencies or
performance errors of the HabitBot during this trial, the intervention must be suspended or terminated to
correct the artificial intelligence program.

Ethical Considerations

All participants will provide written informed consent before enrollment after a thorough explanation of
the study objectives and procedures. This study will comply with all relevant data protection regulations
to ensure participant privacy and data security. Ethical approval was obtained from the Peking Union
Medical College School of Nursing Ethics Committee.

Dissemination

The results of this trial will be disseminated to maximize its reach and impact. Upon completion of the
data analysis, the investigators plan to publish the primary findings in a peer-reviewed scientific journal
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specializing in digital health or physical activity intervention research. The manuscript will follow the
CONSORT guidelines for reporting RCT results.

In addition to academic dissemination, we will communicate the results to stakeholders and participants
in accessible formats. Each participant will be offered a summary of the study results (in lay language)
sent via email or WeChat after the study concludes so they can learn about the overall outcomes and
significance. We will also share our findings with the participating companies in the form of a brief report
or presentation, as they are interested in workplace health initiatives.

To support transparency and future research, de-identified individual participant data (IPD) and
statistical codes will be made available upon reasonable request after the publication of the primary
results. Interested researchers can contact the corresponding author to arrange for data access. Data
sharing will be subject to a data use agreement that protects participant privacy (since the dataset will
be de-identified, the re-identification risk is low, but we will ensure that requesters commit to using the
data responsibly).

Discussion

The HabitBot intervention represents an advancement in digital health by integrating health psychology
theories with LLM-driven chatbots and wearable technology to address the challenge of long-term PA
change in individuals with prehypertension. Using LLMs, HabitBot can deliver a highly customized
experience by providing real-time, tailored PA recommendations that dynamically adapt to the user’s
needs and preferences. Recent studies have underscored the effectiveness of such personalized
interventions. For instance, Gao et al. demonstrated that a mobile health intervention, combining
wearables, personalized exercise prescriptions, and social media, significantly improved daily step
counts and physical health among cancer survivors compared to standard care(40).

The dual-phased design of this study, with a 12-month observation period and a more intensive 3-month
phase, provides a robust framework for examining the mechanisms of PA habit formation. This
approach is consistent with the findings of Kwasnicka et al., who emphasized the importance of
assessing habit strength and context stability over time to understand behavior maintenance(41).
Moreover, by combining subjective self-reports with objective data from wearable devices, this study
minimized potential measurement bias(42).

In summary, the findings of this study are expected to offer meaningful insights into optimizing Al-driven
chatbot interventions for managing chronic conditions such as prehypertension. By elucidating the
processes underlying habit formation in PA adherence, this study will inform future improvements in
digital health tools, enhancing their adaptability, personalization, and long-term effectiveness. These
contributions have the potential to advance the use of Al in chronic disease prevention and to support
sustained health behavior change across diverse populations.

Limitations
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Several limitations of this study design should be acknowledged. First, participant blinding is not feasible
given the digital nature of the intervention, which may introduce performance or expectancy bias;
however, using objectively measured smartwatch-derived step counts as a primary outcome may reduce
reliance on self-reported PA. Second, although all participants will use the same smartwatch model,
wearable-derived step counts and blood pressure data may still contain measurement error, and
questionnaire-based measures, including IPAQ and EMA responses, may be affected by recall bias,
response burden, or social desirability bias. Third, recruiting participants from large technology
companies and social media platforms in Beijing may limit generalisability to the broader
prehypertensive adult population, particularly individuals with lower digital literacy, different occupational
backgrounds, or limited access to mobile health technologies. Fourth, although cluster randomisation is
used for company-recruited participants to reduce contamination, information sharing between
coworkers cannot be completely ruled out. Fifth, because the intervention and follow-up period lasts 12
months, attrition higher than the anticipated 20% dropout rate could reduce statistical power. Finally, the
use of a single LLM platform, ChatGPT-40, may limit the generalisability of findings to other LLM
architectures or future model versions.
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Figure 1

Study design for the 12-month two-arm randomized controlled trial embedded 3-month intensive
longitudinal study

Note: EMA, ecological momentary assessment. The green bar indicates the 3-month intensive EMA
period during months 1-3. The enlarged 24-hour panel illustrates a representative day within this period,
during which participants complete a single evening EMA survey via the study WeChat mini program.

Page 25/27



Recruitment
* Two Companies
* Social Media
|
Screened for eligibility
'
Baseline assessment
|
Randomization
I
| }
Intervention Group (N=59) Control Group (N=59)
Wearble Device + HabitBot Wearble Device + CoHealth App
’ Daily EMA R
(3 months)
Follow-up assessment Follow-up assessment
(at 3, 6, 12 months ) (at 3, 6, 12 months )

Figure 2

Flow Chart of Participant Recruitment
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My Coach -_ My Data

Health data
Hello
Heart health

Hello! 1" m Habit Bot! & Happy
to help you establish and N Heart rate:
maintain a healthy exercise 97 beats per minute
habit. ‘ y /\M

Xiaoming

What can | do for you?

Activity record
|'_,4’ Personal information entry
Running
&) 679kcal
Record D Equipment Management
Recorded

(I'm a first-time user) (I’m here to check in)

(I want to form/modify the exercise plan)

Blood pressure trend Complete the record statistics

Badminton (to be recorded) 128mmHg

(I have some health-related questions to ask)

88mmHg

Today's plan

Figure 3

Screenshot from HabitBot chatbot intervention

Note: Module labels in the interface reflect the Chinese-language version; English translations used in
the text (My Coach, My Plan, My Data, User Center) correspond to the primary functional descriptions of
these modules.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e SupplementarymaterialSPIRIT2022.pdf

Page 27/27


https://assets-eu.researchsquare.com/files/rs-5470873/v1/c64c023f1ca2dc4759b74645.pdf

