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Background: Despite proven benefits, intelligent personalized exercise prescription (IPEP) adherence remains low in middle-aged 
and older adults with chronic diseases (MOACD). Research evidence suggests that mobile health (mHealth)-based gamification 
interventions can improve participation in physical activity; however, their effects on adherence to IPEP remain unclear. Moreover, 
most studies report that adherence often declines rapidly once gamification interventions end, and no effective strategies have been 
proposed to address this issue. This study embeds the Octalysis gamification framework into a smartphone-based app to investigate the 
effects of an mHealth-based gamification intervention on adherence to IPEP among MOACD, as well as on related physical and 
psychological outcomes. Additionally, the study examines whether combining gamification interventions with health education can 
help sustain adherence after the intervention concludes.
Methods: We propose a double-center, single-blind, three-arm randomized controlled trial. We will recruit 132 MOACD who will 
participate in dyads (66 pairs). Participants will be randomly assigned to three groups: a non-gamification group, a gamification group, 
or a health education plus gamification group. The intervention will last for 12 weeks, followed by a 12-week follow-up period. The 
primary outcome is adherence to IPEP, defined as the proportion of days on which participants completed their prescribed exercise 
tasks at 12 and 24 weeks. Secondary outcomes include biomedical risk factors, sedentary behavior, sleep quality, self-efficacy, intrinsic 
motivation, patient satisfaction, and the acceptability of the intervention.
Conclusion: This trial employs the Octalysis gamification framework to design an intervention aimed at enhancing adherence to the 
IPEP. The findings may inform the development of scalable digital interventions to promote physical activity and long-term adherence 
among MOACD.
Keywords: smartphone app, gamification design, low adherence, Octalysis gamification framework, self-efficacy, intrinsic motivation

Introduction
The global burden of chronic diseases is steadily rising, presenting unprecedented challenges to public health systems.1 

According to reports from the World Health Organization, chronic diseases accounted for 38% of global deaths in 2021.2 

Physical inactivity is recognized as a major modifiable risk factor for numerous chronic conditions, including cardio
vascular disease and type 2 diabetes.3 Exercise prescriptions, as the cornerstone of non-pharmacological interventions,4 

have demonstrated significant efficacy in glycemic control, blood pressure reduction, and physical function 
improvement.5–8 Recent advances in artificial intelligence (AI) and big data analytics have facilitated the development 
of intelligent personalized exercise prescription (IPEP). For example, Sun et al developed a cloud platform-based 
electronic health promotion system that provides tailored exercise prescriptions for older adults.9 Similarly, Tan et al 
and Gao et al employed AI and machine learning techniques to develop intelligent exercise prescription systems for 
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alleviating psychiatric symptoms in mental health patients and for preventing cardiovascular disease in cancer patients, 
respectively.10,11 These systems not only retain the effectiveness of traditional exercise prescriptions but also reduce 
associated safety risks.9,12 However, compared to the low adherence to traditional exercise prescriptions,13,14 IPEP also 
faces similar issues.9 This scientific and personalized transformation appears to be insufficient for fostering sustained 
engagement, thereby hindering the full realization of the maximum potential of IPEP. Therefore, there is an urgent need 
for effective interventions to enhance adherence to IPEP.

Mobile health (mHealth)-based gamification represents a promising approach to addressing behavioral adherence 
challenges. It involves applying game design elements (such as badges, progress bars, and leaderboards) in non-game 
contexts (such as education, management, and healthcare) to enhance user engagement.15 Compared to other behavioral 
interventions like financial incentives or motivational interviewing, gamification offers a particularly scalable and 
engaging approach for delivery via digital platforms, making it well-suited for mHealth applications.16,17 Several reviews 
have shown that gamification elements can create a game-like experience that influences user behavior and motivation, 
thereby promoting physical activity.18–20 However, the impact of gamification on adherence to IPEP remains unclear. 
Meanwhile, numerous studies have reported that while gamification interventions may produce immediate advantages, 
user adherence frequently diminishes swiftly to baseline levels following the conclusion of the intervention.21–23 Some 
researchers attribute this decline to the use of extrinsic motivators in gamification, such as point systems, which may 
undermine users’ intrinsic motivation to exercise.24 Despite this being a widely recognized issue, few studies have 
prospectively proposed or tested solutions, as the research focus has predominantly been on immediate, in-intervention 
effects rather than long-term sustainability. Notably, health education, as a cognitive intervention strategy, may be able to 
compensate for this deficiency. According to self-determination theory (SDT), when individuals comprehend the intrinsic 
value of a behavior (such as the role of exercise in preventing and managing certain diseases), their intrinsic motivation 
to engage in that behavior is strengthened.25 Thus, we hypothesize that integrating health education could mitigate the 
negative effects of gamification by strengthening intrinsic motivation, although experimental evidence supporting this 
combined approach remains limited. It is important to acknowledge, however, that introducing mHealth and gamification 
to older adults presents unique challenges. Potential barriers related to digital literacy, smartphone accessibility, and 
technology acceptance in this population must be considered when designing and implementing such interventions.

Current gamification strategies aimed at promoting physical activity primarily rely on traditional behavior change 
theories, with few studies applying gamification-specific theories or frameworks.20 Octalysis, an emerging gamification 
framework, comprises eight core drives.26 It proposes that motivation can only be triggered—and behavior change 
facilitated—when users experience these core drives. Although gamification designs based on this framework have been 
applied in educational settings and are gaining popularity, they have not yet been used to promote physical activity or 
improve exercise adherence.27,28 Therefore, we developed a mobile application named “Xiyou Sports” based on the 
Octalysis framework to address this research gap. To our knowledge, this will be the first study to apply the Octalysis 
framework to enhance IPEP adherence in chronic disease management. Furthermore, the intervention adopts a dyad- 
based (team) design, which is rooted in the Octalysis core drives of “Social Influence and Relatedness” and “Loss and 
Avoidance”. This approach operationalizes the well-established principles of cooperation and accountability, which are 
known to be powerful motivators for health behavior change.29 We hypothesize that, compared to the non-gamification 
group, participants in the gamification group will exhibit higher adherence to IPEP. A secondary hypothesis is that 
incorporating health education may help counteract the negative effects of extrinsic motivators in gamification by 
enhancing intrinsic motivation, thereby sustaining adherence during the follow-up period. This study will provide critical 
insights for developing effective, scalable, and potentially cost-effective digital interventions to promote sustained 
physical activity.

Methods
Study Design
This is a double-center, single-blind, three-arm randomized controlled trial comprising a 2-week baseline phase, a 12- 
week intervention phase, and a 12-week follow-up phase. The study aims to evaluate the effects of an mHealth-based 
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gamification intervention on adherence to IPEP, biomedical risk factors, sedentary behavior, sleep quality, self-efficacy, 
and intrinsic motivation. In addition, it examines the impact of integrating health education with gamification interven
tion on adherence to IPEP during the follow-up period.

Prior to the intervention, 132 eligible middle-aged and older adults with chronic diseases will be recruited from two 
community health service centers. All participants will undergo a two-week baseline assessment of adherence to their 
IPEP. During this period, researchers will provide each participant with an IPEP and instruct them to follow it daily. 
Participants will also be informed that they must report their daily exercise completion status via WeChat by 8:00 PM 
each day. Researchers will record the task completion rate as a measure of baseline adherence. After the baseline phase, 
participants will be stratified by adherence level (low, medium, or high) and randomly assigned in a 1:1:1 ratio to one of 
three groups: non-gamification, gamification, or health education plus gamification. Given the intervention’s team-based 
design, each participant will be required to invite an eligible friend or family member to form a two-person team before 
enrollment. Each team will serve as the minimum unit for stratification and randomization. Following group allocation, 
all participants will be invited to their respective community health service centers to install the “Xiyou Sports” app 
under researcher supervision and complete registration and training on app features. Meanwhile, data collectors will use 
paper questionnaires to gather baseline information from participants and inform them of the specific dates for the 12- 
week and 24-week follow-ups. If participants are unable to attend the follow-ups on time due to special circumstances, 
they may contact the researchers in advance to reschedule. This study protocol has been reported in accordance with the 
Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 2025 statement.30 Figure 1 presents 
a flowchart of the study design.

The IPEP used in this study is based on an electronic health promotion system deployed in community health service 
centers. This system consists of four components: (1) a registration system, (2) internet-based questionnaires, (3) internet- 
connected instruments, and (4) a cloud platform. Before generating an IPEP, users must complete real-name registration 
within the system. They then fill out a series of online questionnaires to collect data on health-related lifestyle factors, 
chronic disease history, and family medical history. Subsequently, users undergo assessments using internet-based 
instruments that measure body composition, cardiovascular function, and related metrics. Finally, all data are uploaded 
to the cloud platform, which integrates and analyzes the information to generate a personalized exercise prescription. 
Further details about the electronic health promotion system can be found in previous studies.9,31

Eligibility and Recruitment
The inclusion criteria were as follows: (1) middle-aged or older adults (aged ≥45 years) diagnosed by a medical 
institution with at least one common chronic condition (eg, hypertension, coronary heart disease, or diabetes); (2) ability 
to invite a relative or friend who also meets criterion (1) to form a two-person team for participation; (3) ownership of an 
Android smartphone and sufficient proficiency in using mobile applications (eg, taking photos); (4) adequate cognitive 
and communication abilities; and (5) sufficient physical mobility to perform routine exercise. The exclusion criteria were 
(1) presence of neurological disorders affecting motor function; (2) implantation of a pacemaker; (3) a history of 
epilepsy, or serious primary diseases of the heart, liver, kidneys, or metabolic system that make exercise unsuitable; 
and (4) participation in other clinical studies.

Participants were recruited from two community health service centers in Anhui Province through telephone 
invitations from researchers or verbal invitations from local healthcare staff. To encourage community residents to 
participate, free health checkups and assessments were provided to all community residents who attended. For indivi
duals meeting the eligibility criteria, the study details were explained, and those who agreed to participate signed an 
informed consent form. It will be clearly communicated to participants that they have the right to withdraw their consent 
and discontinue participation at any time, for any reason, without penalty. Participants can initiate withdrawal by 
contacting a member of the research staff via phone. Furthermore, the research team will monitor adherence via the 
backend management system. If a participant is observed to be inactive for a full week, a researcher will contact them by 
phone to offer a reminder and inquire if they wish to continue or formally withdraw.

Specific consent for the daily photo uploads will be a key component of the informed consent process. It will be 
explicitly stated that: (1) the sole purpose of the photos is to verify daily exercise completion; (2) to protect privacy, 
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participants will be instructed not to include their faces or any other identifiable features in the photos; (3) the images will 
be stored on the secure app backend, with access restricted to the principal investigator and designated data managers; 
and (4) all photos will be permanently deleted at the end of the study’s data retention period.

Sample Size Calculation
The primary outcome indicator, exercise adherence, is selected as the calculation standard. Following the definition by 
Patel et al, exercise adherence was defined as the proportion of days on which participants completed their prescribed 
exercise tasks.21 A previous study reported an effect size (Cohen’s d) of 0.79 for similar interventions.29 Based on this, 
and using a two-sided α of 0.025 and a power of 0.80, the required sample size was calculated with PASS version 21.0.3 
(two-sample means comparison) to be 32 participants per group (N = 96). Since the intervention was delivered in pairs 
(mostly among family members), the observations were no longer statistically independent. Therefore, the sample size 
was adjusted using the formula Na = N × [1 + (m − 1) × ICC]. The intraclass correlation coefficient (ICC) was estimated 
to be 0.24. In the absence of pilot data for the present study, this value was selected from a published study that used 
a methodologically similar, family-based cluster design, providing a reasonable and evidence-based estimate for the 
calculation.29 Based on this ICC, the adjusted sample size (Na) was 119. Finally, accounting for an anticipated 10% loss 
to follow-up, the final sample size was set at 132, with 44 participants per group (22 pairs).

Patients screening and recruitment

IPEP were generated for each patients through an electronic 
health promotion system

2-weeks baseline period
Obtain the baseline IPEP compliance

Biomedical risk factors were 
collected by Internet-based 
instruments in the electronic 
health promotion system

Other baseline assessments 
were collected by the 

researches

All patients download, register and log in 
the “Xiyou Sports” APP

Non-gamification Gamification
Health education 
plus gamification

Primary and secondary 
outcomes, qualitative and 
usability assessment in the 
intervention groups

Primary outcomes
and secondary outcomes

12-weeks and 
24-weeks

outcome assessment

Randomization

Baseline assessment

12-weeks 24-weeks

Figure 1 Flowchart of the study design. 
Abbreviation: IPEP, intelligent personalized exercise prescription.
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Randomization, Blinding and Concealed Allocation
Participants were stratified based on their baseline adherence to the IPEP. During the two-week baseline period, each 
team of two participants was categorized into one of three strata according to the total number of days they completed the 
prescribed exercises: ≤9 days, 10–19 days, or ≥20 days. An independent research assistant, not involved in the study, 
generated randomization lists within each stratum using SPSS software. Teams were then randomly assigned to one of 
three groups in a 1:1:1 ratio. Randomization codes and group assignments were concealed in sealed, opaque envelopes 
and provided to the intervention team only after the completion of baseline assessments. Throughout the trial, both data 
collectors and analysts remained blinded to the allocation.

Intervention
All participants downloaded the same version of the app via a unified download link. The intervention was managed 
through the backend management system. This centralized server-side application defines the data flow, receiving data 
from the mobile app via a secure application programming interface for management in a relational database. The system 
provides a web-based administrative interface for researchers, which includes an auditing trail to track data modifica
tions. For data quality control, the principal investigator will conduct regular checks of the collected data via this 
interface.

Through this system, the research team was able to configure different settings for each of the three groups: (1) 
Gamification group: default settings applied; (2) Non-gamification group: the “gamification” option in the corresponding 
participant management end was turned off to hide all gamification designs; (3) Health education plus gamification 
group: the “health education” option in the corresponding participant management end was turned on to add the health 
education section. Furthermore, the backend management system also allows the research team to monitor participants’ 
adherence data in real-time, manage the scheduled delivery of health education materials, and collect in-app feedback on 
the intervention.

Gamification Group
Participants in the gamification group received an intervention based on the Octalysis framework. Researchers designed 
the IPEP as a series of exercise tasks, and all gamification designs were implemented to encourage task completion. Five 
core drives (Epic Meaning and Calling, Development and Accomplishment, Empowerment of Creativity and Feedback, 
Social Influence and Relatedness, and Loss and Avoidance) were integrated into the intervention. These specific drives 
were selected because they align with key constructs from established behavioral theories such as SDT. For instance, the 
core drives of “Development and Accomplishment” and “Empowerment of Creativity and Feedback” are practical 
mechanisms designed to foster users’ sense of competence and autonomy, which are core tenets of SDT for enhancing 
intrinsic motivation.25 Figure 2 displays the English-translated version of the original Chinese app interface.

First, the theme of “Xiyou Sports” is based on the classic Chinese mythological tale Journey to the West, which is 
widely known across China. Upon their first login, participants received a virtual invitation from Sun Wukong (the 
protagonist of Journey to the west) to take his place in traveling westward to retrieve Buddhist scriptures. They are told 
that completing a day’s exercise task is equivalent to passing one of the trials in the journey (in the myth, 81 trials must 
be passed to obtain the true scriptures). In parallel, during this process, the points earned by participants can be 
exchanged for school supplies in the app to be donated to students in rural primary schools (echoing the mythological 
story where the scriptures are brought back to benefit the people) (Figures 2A and B). On each subsequent logon, patients 
received encouragement from the Sun Wukong (Figure 2C). This kind of virtual mission and public welfare linkage 
design,32–34 which can supply users a sense of “Epic Meaning and Calling”, has been proven to promote physical 
activity.

Secondly, participants received real-time feedback on their progress toward obtaining Buddhist scriptures (days to 
complete exercise tasks) and total step count through visual progress circles or bars (Figure 2D). Such performance 
feedback fosters a sense of “Development and Accomplishment”. A post-intervention interview study involving older 
adults found that performance feedback was a key motivator for engaging in physical activity.24
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Figure 2 The English-translated version of the original Chinese app interface. (A and B) Interaction interface with Sun Wukong for participants in the two intervention 
groups during their first login; (C) Interaction interface with Sun Wukong for participants in the two intervention groups during subsequent logins; (D) “Achievements” 
interface for participants in the two intervention groups; (E) “Task” interface for participants in the gamification group; (F) “Archive” interface for participants in three 
groups; (G) “Task” interface for participants in the health education plus gamification group; (H) “Task” interface for participants in the non-gamification group; (I) “My” 
interface for participants in the two intervention groups; (J) “My” interface for participants in the non-gamification group.
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Third, the IPEP includes two types of exercises: aerobic exercise and strength training. For example, a weekly 
prescription might include at least 200 minutes of moderate-intensity aerobic exercise (such as normal-speed walking or 
light square dancing) and at least 48 repetitions of strength exercises (such as wall push-ups or chair-assisted leg 
extensions). Two rehabilitation physicians from the research team and the first author collaboratively assigned four 
specific exercise tasks to each participant via the backend management system (eg, “Take a 30-minute walk in the park 
near your home and take a beautiful picture to complete your exercise check-in”). These tasks were based on the 
recommended type and volume of exercise from the IPEP, as well as the participant’s preferred exercise environment. 
Each day, the app randomly presented two of the four tasks for the participant to choose from (Figure 2E). Upon task 
completion, the visual progress circle reflecting the number of completed exercise days was updated in real time. 
Empowering participants with the autonomy to choose their tasks and providing immediate feedback supports the core 
drive of “Empowerment of Creativity and Feedback”. Moreover, translating general system-recommended tasks into 
more specific ones is consistent with goal-setting theory, which emphasizes that clear and challenging goals lead to better 
performance than vague or simplistic ones.35 Meanwhile, the user’s health report and the exercise prescription generated 
by the system were presented in the “archive” interface (Figure 2F).

Finally, participants were required to form teams of two with a relative or friend. Each Monday, every participant 
received 140 points (20 points per day: 10 points for completing their own exercise task and 10 points for both 
teammates completing their tasks). If a participant completed their task and their teammate also completed theirs, no 
points were deducted. If a participant completed their task but their teammate did not, 10 points were deducted. If 
a participant did not complete the task, 20 points were deducted. This point deduction design capitalizes on the principle 
that people are often more motivated by losses than by gains,22,36 and it can prompt participants to develop a core drive 
for “Loss and Avoidance”. At the same time, the intervention strengthens social accountability by having two patients 
with pre-existing social relationships team up and making their scores interdependent. Participants are more likely to 
engage in physical activity to avoid negatively impacting their teammates, aligning with the core drive of “Social 
Influence and Relatedness”.

Health Education Plus Gamification Group
In this group, health education content was added in addition to the gamification intervention, and this component was 
delivered through educational videos (Figure 2G). Participants could only unlock the button for the daily exercise task 
after watching the entire educational video and answering a question at the end. Only then were they permitted to carry 
out the exercise tasks and submit a photo as a check-in.

Non-Gamification Group
Participants in the non-gamified group did not receive any gamification intervention. The daily exercise tasks displayed 
in the app interface were directly generated by the exercise prescription generation system without any modifications or 
manual adjustments by the researchers (Figure 2H). Compared to the “My” interface of the two intervention groups 
(Figure 2I), the “My” interface of this group did not include the exchange mall and points details sections (Figure 2J).

The “Xiyou Sports” Mobile Application
The “Xiyou Sports” mobile application was custom-developed for this research by three members of the in-house study 
team, and the ownership of the application resides with Bengbu Medical University. As a non-commercial research tool, 
the app has a proprietary license and is not available for public use or download. It was provided to participants free of 
charge, with low development and maintenance costs.

Outcome Measures and Data Collection
After 12 weeks of intervention, the app will automatically remind each patient to complete the outcome assessment. 
Researchers will use WeChat to remind patients to complete the same assessment at 24 weeks. For patients who do not 
respond on time, researchers will follow up by phone to inquire about the reasons. We will report the number and reasons 
for lost to follow-up patients.
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Table 1 summarizes the study outcome measures. The primary outcome is the adherence of patients to the IPEP, 
defined as the proportion of days the prescribed exercise tasks were completed out of the total intervention days. During 
the intervention period, the number of days the exercise tasks were completed was collected through the backend 
management system (patients uploading photos consistent with the selected tasks were considered as having completed 
the daily exercise task). During the baseline and follow-up periods, task completion was self-reported by patients via 
WeChat. To improve the accuracy of self-reported adherence data during the baseline and follow-up periods, a specific 
verification procedure will be implemented. Each day, a trained researcher will review the daily step count for each 
participant from the previous day, as measured by their smartphone’s accelerometer and collected via the app. If 
a participant reported completing a walking task (eg, a 25-minute walk) but their step count for that day was below 
a predefined plausibility threshold (eg, <1000 steps), that day’s task will be re-coded as incomplete for the final analysis. 
Secondary outcomes included biomedical risk factors (such as body weight, resting heart rate, systolic blood pressure, 
diastolic blood pressure, body mass index, subendocardial viability ratio, and brachial-ankle pulse wave velocity), 
sedentary behavior, sleep quality, self-efficacy, and intrinsic motivation. Except for the collection of biomedical risk 
factors using instruments and equipment in the electronic health promotion system, all other data were collected through 
paper-based questionnaires (baseline, 12 weeks, 24 weeks). In addition, at the end of the 12-week intervention, the 
System Usability Scale was administered to patients in both intervention groups to evaluate usability.37 We will also 
conduct semi-structured interviews with some of the patients in both intervention groups to understand their satisfaction 
and the acceptability of the intervention.

A proactive adverse event monitoring procedure will be implemented throughout the entire 26-week study period. 
During their daily exercise report (via the app during the intervention and via WeChat during baseline and follow-up), 
participants will be required to answer the question “How did you feel after exercising today?” by selecting one of three 
options (“Normal, completed exercise smoothly”, “Slightly strenuous but no discomfort”, or “Discomfort occurred”). 
The research team will monitor these responses. If a participant report “Discomfort”, a researcher will contact them by 
phone the next day to assess the situation. Based on this assessment, the event will be documented and, if necessary, the 
participant’s exercise prescription will be adjusted. All significant adverse events will be reported to the ethics committee 
as required.

Table 1 Assessment Time Points for Primary and Secondary Outcomes

Outcome Assessment Baseline 12 
Weeks

24 
Weeks

Primary outcome

IPEP compliance The proportion of days that the task of exercising was completed √ √ √

Secondary outcomes

Usability System Usability Scale37 √

Biomedical risk factors Body weight, RHR, SBP, DBP, BMI, SEVR, baPWV √ √ √

Sedentary behavior Sedentary Behavior Questionnaire38 √ √ √

Sleep quality Pittsburgh Sleep Quality Index39 √ √ √

Self-efficacy Self-efficacy for Exercise Scale40 √ √ √

Intrinsic motivation Behavioural Regulation in Exercise Questionnaire-341 √ √ √

Acceptability of intervention Semistructured interview √

Satisfaction Semistructured interview √

Note: The √ symbol indicates the time point at which each outcome is assessed. 
Abbreviations: RHR: resting heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; SEVR: subendocardial viability 
ratio; baPWV: brachial-ankle pulse wave velocity.
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Statistical Analysis and Data Management
We will perform statistical analyses using SPSS version 25.0 (IBM, Armonk, NY, USA). Baseline differences among the 
three groups will be compared using one-way ANOVA, non-parametric tests, or chi-square tests. The primary analysis 
will be conducted based on the intention-to-treat principle, including all randomized participants in the analysis in the 
group to which they were originally assigned. Additionally, a per-protocol analysis will be conducted as a sensitivity 
analysis, including only participants who demonstrated a predefined level of adherence (eg, completing at least 70% of 
the prescribed exercise sessions). Missing data will be handled using multiple imputation. Generalized estimating 
equation (GEE) models will be employed to compare outcome measures between groups (non-gamification vs gamifica
tion; gamification vs gamification plus health education). The model will assume an autoregressive (AR1) correlation 
structure and will be adjusted for key baseline covariates, including age, sex, primary chronic disease diagnosis, and 
baseline IPEP adherence levels. A two-sided p-value of <0.05 will be considered statistically significant. The Bonferroni 
method will be applied to adjust for multiple comparisons.

In this study, all paper-based and WeChat-collected data will be promptly entered into a central electronic database by 
trained research staff. This database will then be merged with the electronically captured data (from the app’s backend 
and the electronic health promotion system) to create the consolidated digital dataset used for analysis.

To protect participant confidentiality, all data within this consolidated dataset will be pseudonymized. Personal 
identifiers (such as names and contact information) will be stored separately from the research data in an encrypted 
file, linked only by a unique study ID. The consolidated digital dataset will be stored and encrypted on a secure, 
password-protected server at Bengbu Medical University. The original paper-based questionnaires will be stored securely 
in a locked file cabinet within a locked office. Access to identifiable data will be restricted to the principal investigator 
and designated data managers, while other researchers will only work with the de-identified dataset. All study data will 
be securely retained for five years after study completion, after which all identifiable records will be permanently deleted.

Potential Bias and Mitigation Strategies
This study has several potential sources of bias. First, although the non-gamification group will use the same version of 
the app with gamification features disabled via the backend to minimize inter-group differences, participants can likely 
infer their group allocation. This impossibility of blinding participants is a key limitation that may introduce performance 
bias, where knowledge of group assignment could systematically influence participants’ adherence behaviors. Second, 
while daily self-reporting minimizes the risk of recall bias, our reliance on this method remains subject to information 
bias, specifically social desirability bias. Third, the inclusion criteria, such as the requirement for an Android smartphone 
and the ability to recruit a partner, may introduce selection bias and limit the generalizability of our findings. Finally, as 
the trial is conducted in community settings, there is a potential risk of contamination (such as information sharing) 
between intervention groups.

Further reflection on the ethical dimensions of these design choices is warranted. Regarding the inclusion criteria 
identified above as a source of selection bias, the requirement for an Android smartphone and a certain level of digital 
literacy was justified by the current development stage of our research platform. Similarly, the dyad-based partner 
requirement is a core component for testing the cooperation and accountability mechanism; we mitigated the risk of 
social pressure by strongly emphasizing the voluntary nature of participation for both individuals during the consent 
process. Finally, the charity-linked incentive was intentionally designed to be a modest, pro-social motivator to appeal to 
altruism, rather than a coercive financial reward, thereby minimizing the risk of undue influence.

To mitigate these potential biases, several strategies will be implemented. To begin, all outcome assessors and data 
analysts will be blinded. To minimize performance bias, the research staff will provide an equal level of attention to all 
groups. To reduce information bias, we will emphasize to all participants that their data is confidential and that there are 
no “right” or “wrong” answers to promote honest reporting. To minimize contamination risk, all participants will be 
kindly requested during the onboarding process not to discuss the specific features of their app with others until the study 
is complete.
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Patient and Public Involvement
Patient and public involvement (PPI) plays a crucial role in this study. Before designing the app, the research team 
interviewed middle-aged and older adults with chronic diseases who had used IPEP but had low adherence. They 
expressed a willingness to accept supervision and incentives from the APP to improve their adherence. During the app 
development phase, we also conducted focus group interviews with patients to understand their needs and preferences 
regarding the APP’s functions. In the pilot study, patients were invited to provide reasonable suggestions on the study 
design and outcome measurements.

Discussion
This study employed the Octalysis gamification framework to design an intervention aimed at improving adherence to 
the IPEP among middle-aged and older adults with chronic diseases. Despite the strong scientific basis and individualized 
adaptability of IPEP, poor adherence remains a significant challenge in real-world application.9 Previous research 
suggests that gamification interventions hold promise in promoting physical activity.20 However, most existing studies 
design gamification interventions primarily based on behavior change theories, often resulting in the use of solely simple 
external incentive mechanisms. In contrast, this study adopts a game design perspective to inform the development of its 
gamification components.

This study is the first to apply the Octalysis gamification framework to promote physical activity, aiming to stimulate 
patients’ behavioral motivation through multiple dimensions, including task meaning construction, empowerment of task 
choice, and timely progress feedback. The framework allows for a balanced integration of extrinsic and intrinsic 
motivators, thereby enhancing both the initiative and sustainability of patient engagement. Additionally, traditional 
Chinese mythological stories and public welfare linkage mechanisms were incorporated into the design to foster 
emotional resonance and a sense of social value, thereby improving patient adherence.

It is worth noting that one study points out that excessive reliance on external incentives in gamified interventions 
may undermine individuals’ intrinsic motivation to engage in exercise, leading to a rapid decline in adherence once the 
intervention ends.24 To address this issue, one of the intervention groups in the present study was supplemented with 
health education, attempting to enhance patients’ cognitive understanding of the deeper value of exercise in chronic 
disease management, thereby fostering greater autonomy and intrinsic motivation. Theoretically, gamification provides 
the initial “push” needed to trigger behavior, while health education offers a “pull” through cognitive reinforcement to 
sustain it. This combination may help mitigate the decline in adherence commonly observed after the conclusion of such 
interventions.

This study has several limitations that should be acknowledged. First, adherence data during both the baseline and 
follow-up periods mainly relied on self-reports, which may be subject to information bias despite partial verification 
using step counts. Second, the study’s generalizability is constrained by several factors. The inclusion criteria (requiring 
an Android smartphone, a certain level of digital literacy, and the ability to recruit a partner) may introduce selection bias 
and limit the applicability of our findings to the broader older adult population. Moreover, the intervention’s narrative 
elements are rooted in a Chinese cultural context, and the team-based design may be more effective in collectivistic 
cultures; its effectiveness in other cultural settings would require further investigation. Finally, while a primary objective 
of this study is to formally test the sustainability of exercise behavior during a 12-week follow-up after the app-based 
intervention has concluded, the even longer-term persistence of this behavior (at 6 months or 1 year) lies beyond the 
scope of this trial and remains a critical question for future research.

Overall, this study developed and evaluated an innovative mHealth intervention model. The findings provide both 
theoretical foundations and practical insights for promoting IPEP within community-based chronic disease management.

Conclusion
This article outlines the rationale, objectives, and design of a forthcoming study aimed at evaluating the effects of 
gamification on adherence to IPEP and exploring whether integrating health education with gamification enhances the 
long-term maintenance of exercise adherence. Notably, this represents the first application of the Octalysis framework to 
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promote physical activity. Should the intervention prove effective, its design could serve as a scalable model for 
community-based digital interventions aimed at tackling the significant public health challenge of poor exercise 
adherence. However, the potential findings of this study should be considered in light of its limitations to external 
validity, including the specific technological (Android-only), cultural (Chinese context), and social (dyad-based) context. 
Future work should focus on adapting and validating this intervention model for broader populations across diverse 
platforms and cultural settings. The trial is expected to be completed by November 16, 2025.
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