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Development and usability of the
“Cognitive Evergreenland” app to
engage individuals at high risk of
dementia in lifestyle interventions

Rong Lin%3, Yuanjiao Yan3, Chenshan Huang?, Junyu Zhao!, Mingfeng Chen?** & Hong Li'**

Multidomain lifestyle interventions can improve cognitive function and mobile health technologies
can deliver cost-effective interventions. We developed the smartphone app, Cognitive Evergreenland,
to promote cognitive health in people at high risk of dementia, and assessed its usability. Functional
modules were selected using a behaviour change wheel (BCW) theory-based method. Target
behaviors were assessed by literature review and focus group interviews. Findings were mapped onto
the Capability, Opportunity, and Motivation—Behaviour (COM-B) model and Theoretical Domains
Framework, identifying behaviors requiring change and linking them to intervention functions.
Behavior change techniques (BCTs) considered likely to be effective were selected, and corresponding
COM-B components and BCTs translated into application functionalities. The app was optimized
based on user feedback collected by interview and evaluated using “Mobile Health App Usability
Questionnaire for Standalone mHealth Apps (Patient Version)”. Promoting adherence to multidomain
lifestyle interventions required changes in physical and psychological abilities, reflective and automatic
motivation reinforcement, and social and physical opportunities provision. We identified seven key
intervention functions and selected 16 BCTs. Finalized Cognitive Evergreenland modules included
health education, cognitive stimulation, cognitive training, interactive communication, health diary,
functional assessment, and personal profile. Target users indicated overall satisfaction with usability.
BCW theory application facilitated Cognitive Evergreenland development.
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The need for lifestyle interventions based on mobile health (mHealth)

Cognitive impairment and dementia are major challenges facing the global health sector in the twenty-first
century'. To date, there are no effective pharmacological interventions to delay or treat cognitive decline or
dementia; therefore, there are increasing efforts to develop methods that can proactively control modifiable
risk factors, with the aim of delaying or slowing disease onset and/or progression. Indeed, compelling evidence
from an increasing number of observational studies suggests that targeting modifiable risk factors can reduce
the incidence of dementia*®. Approximately one-third of Alzheimer’s disease cases are attributable to modifiable
risk factors®, and the authors of a 2014 study calculated that, based on an estimated 10% relative reduction in the
contributions of each of seven risk factors per decade, overall Alzheimer’s disease prevalence could be decreased
by 8.3% by 2050°. Therefore, improving brain health and cognitive function through lifestyle interventions that
target risk factors before the onset of dementia may delay, or even prevent, the onset of cognitive decline or
dementia®’.

As lifestyle-related risk factors influencing cognitive function are typically clustered, multidomain strategies
to prevent cognitive decline and dementia may be more effective than targeting individual risk factors®-1°.
Indeed, there is growing evidence that targeting multiple lifestyle factors simultaneously may improve the
effectiveness of interventions, relative to approaches focused on a single lifestyle factor!!. Some large-scale
randomized controlled trials have assessed the efficacy of face-to-face multidomain lifestyle interventions in
preventing cognitive impairment or dementia; however, the conclusions from these studies are inconsistent.
The Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER) trial was
a two-year face-to-face multidomain intervention study, including dietary changes, physical exercise, cognitive
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training, and vascular risk monitoring. In comparison to the control group receiving general health advice,
the FINGER trial found that cognitive function was maintained in a group of participants at risk of cognitive
decline!?; however, two other large-scale, multidomain randomized controlled trials targeting improvements in
cognitive function or reduction in dementia incidence primarily reported negative results, with no significant
improvements in cognitive function or reduction in dementia incidence across the entire study population'>14.
Nevertheless, post-hoc analyses of both studies indicated that the multidomain interventions had positive effects
on individuals with a higher risk of dementia, such as those experiencing mild cognitive impairment (MCI) or
subjective cognitive decline (SCD)'"". In addition, a systematic review concluded that comprehensive analysis of
study results was difficult, due to significant heterogeneity among studies in intervention characteristics, such
as the combinations of risk factors targeted, lengths of intervention, and participant characteristics'®. Based on
these results, we infer that multidomain lifestyle interventions have potential, but further research is needed to
understand how such approaches can be improved to increase their efficacy in reducing cognitive decline and
dementia risk.

Face-to-face intervention programs also face practical barriers, including the need to train appropriate staff
and the resources required to deliver the intervention, such as the location and personnel. With the emergence
of "Internet+,” time and space limitations can be eliminated, allowing people to easily obtain information at any
place and time. Therefore, an attractive alternative to the face-to-face approach is to deliver lifestyle programs
online, taking advantage of the rapidly growing field of mHealth interventions!”. mHealth applications are key
components of mHealth interventions, and function via software programs on smartphones, tablets, and other
mobile devices, to enhance health conditions. A previous systematic review and meta-analysis'® to investigate
the effects of multidomain web-based lifestyle programs on brain health reported that such programs have
potential to contribute to dementia prevention, although the results of the small number of studies included in
the meta-analysis were highly heterogeneous. Additionally, it is undeniable that these innovative mHealth tools
facilitate the implementation and monitoring of intervention measures, while also being cost-effective and more
broadly applicable, in terms of geographical regions and populations!’. Previous studies have also provided
insights that can inform the development of such tools; for example, they have demonstrated that populations
at high risk of dementia can be prioritized as key targets for interventions, including enhanced lifestyle-based
multidomain interventions, and the intervention effects appropriately assessed!*°.

The need for theory in mHealth-based applications
Compliance with long-term participation in lifestyle interventions varies considerably among older adults
at increased risk of dementia®!. A qualitative study found that it is critical for lifestyle-based, multidomain
prevention strategies to be tailored to the needs of key target groups, to maximize their appeal and efficacy®?.
Specifically, further insights into how a multidomain lifestyle-based approach can be used to reduce the risk
of cognitive decline and dementia are needed, as well as details of which preferences and considerations are
important for lifestyle-based risk reduction approaches. Simultaneously, optimization of selection of targeted
lifestyle-related behaviors is necessary, to better understand the potential inhibitors and facilitators of measures
to promote brain health. Lifestyle interventions developed with the participation of patients and local healthcare
professionals are more likely to achieve effective outcomes, because they are aligned with local needs, preferences,
and priorities, ensuring that the requirements of relevant stakeholders are best met?*. Another critical issue
for the successful implementation of mHealth approaches is whether interventions are evidence-based and
grounded in theory?%. Application of relevant theories in mHealth projects is particularly crucial, as it can lead
to well-rounded intervention strategies, resulting in improved health outcomes?. In particular, research has
highlighted the need for mHealth interventions to develop high levels of health behavioral competencies among
participants, to inspire self-motivation and persistence?®. Numerous theories and models of behavior change can
be used to guide the design of interventions to prompt and sustain behavior change, and the applicability of these
theories may vary depending on the specific behaviors involved.

mHealth apps developed using the behaviour change wheel (BCW) theory and related strategies are reported
to be particularly effective in initiating and sustaining changes in user behavior?’~?. BCW theory is based on
behavior change theory, closely integrates evidence-based intervention functions, and can guide interventions to
target environments and populations. Further, the role of healthcare professionals in application development is
crucial. In this study, we particularly emphasized the critical role that healthcare professionals play in using BCW
as a theoretical framework for designing lifestyle intervention applications targeting populations at high risk for
dementia. The comprehensive and systematic nature of BCW theory makes it a powerful tool for consideration
of multiple lifestyle intervention aspects, such as participant preferences and needs, as well as potential barriers
and facilitators, thus improving the overall effectiveness of an intervention.

Obijectives

In this study, we aimed to make full use of the advantages of the BCW theoretical framework, to more effectively
implement an intervention for groups at high risk of dementia, through the participation of healthcare
professionals. Further, we sought to provide more innovative and effective solutions for dementia prevention
and management. In this report, we describe the design and development of the Cognitive Evergreenland app
using the BCW framework to enhance adherence and engagement in lifestyle interventions for individuals at
high risk of dementia.

Methods

Setting

The Cognitive Evergreenland app was developed in this study, primarily to target patients at high risk of
dementia, defined as older people (aged =60 years) who are experiencing SCD or MCI. These individuals have
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not yet progressed to the stage of dementia, according to the Jessen criteria (clinically normal on objective
assessment, self/informant reported cognitive decline, and decline not better explained by a major medical,
neurological, or psychiatric diagnosis).

Theoretical framework

First, factors influencing adherence to mobile lifestyle interventions for older adults at high risk of dementia,
based on the Capability, Opportunity, and Motivation—Behaviour (COM-B) model within the BCW theory,
were analyzed®. The COM-B model is a framework for understanding behavior, through analysis of COM as
influences on behavior, as well as their potential interactions and resulting behaviors, and forms the core of the
BCW. The Theoretical Domains Framework (TDF) was employed to identify drivers and barriers to behavioral
change and diagnose behavioral issues, pinpointing key elements and proposing corresponding solutions®!.
These elements were then mapped to BCW intervention functions based on the relationship matrix between
COM-B components and BCW intervention functions. Subsequently, intervention functions were selected
according to the APEASE criteria (Affordability, Practicability, Effectiveness, Acceptability, Safety, and Equity)*2.
Then, appropriate behavior change techniques (BCTs) were filtered for correspondence with the Behavior
Change Technique Taxonomy version 1 (BCTTvl) list*>. Overall, this comprehensive approach integrated
BCW and TDF theories, to provide a systematic and effective framework for understanding and addressing
factors affecting adherence to lifestyle interventions for older adults at high risk of dementia. The development
process is reported following the Guidance for Reporting Intervention Development Studies in Health Research
checklist, consisting of 14-item quality criteria (Additional file 1)**.

Development process

The Cognitive Evergreenland development process referred to the BCW model and was subdivided into three
main phases, each containing key sub-steps, to ensure that user needs were systematically understood and met.
Detailed descriptions of each stage are provided below.

Stage I: Understanding the problem and user preferences

Step 1: define the problem in behavioral terms  The first step was to identify specific barriers to the implementa-
tion of lifestyle interventions for older adults at high risk of dementia. To achieve this, two researchers conducted
a comprehensive literature review. The review focused on identifying who performs the behaviors and listing
other factors that may influence problem behaviors. The researchers systematically searched eight databases for
studies published in the past five years, using search terms such as "dementia OR cognitive decline OR cognitive
impairment," "facilitator OR motivat* OR benefit* OR barrier*," and "lifestyle OR lifestyle intervention.” The
findings were categorized using the COM-B model, which included physical and psychological capability, phys-
ical and social opportunity, and automatic and reflective motivation.

Steps 2 and 3: select and specify target behaviors Data from evidence-based research was incorporated to
identify target behaviors of older adults at high risk for dementia. Once a target behavior was selected, specific
elements of the selected target behavior were further clarified; for example, who needs to do this, what they need
to do differently to elicit change, and when and where it needs to happen, as well as how often and with whom.
These specifications were discussed and finalized during a series of research group meetings, where consensus
was reached on the final target behaviors. The meetings involved in-depth discussions on the feasibility, rele-
vance, and potential impact of the selected behaviors, ensuring alignment with the needs of the target population
and the goals of the intervention.

Step 4: identify what needs to change Based on a review of the literature, focus group interviews with older
people at high risk for dementia, who were interested in participating in a multidomain lifestyle intervention,
were organized, with the aim of collecting information about potential barriers and facilitators to adherence to
the intervention (Additional file 2). Focus groups concentrated on 14 known barriers to adherence to multi-
domain lifestyle interventions among older adults at high risk for dementia, mapped on the COM-B model
generated in step 1; each session lasted approximately 1 h. At the end of each focus group, one of the researchers
provided a summary of the discussion and an opportunity to clarify or add any missing points, and the content
of each focus group was recorded in detail.

Stage II: identification of intervention options and policy recommendations

Steps 5 and 6: identify intervention functions and policy categories Intervention functions most likely to in-
fluence primary behavior change were preliminarily identified through a comprehensive review of the findings
of COM-B and TDF behavior analysis. To further refine and validate these findings, focus group discussions
were conducted. The APEASE criteria were used to guide selection of the relevant intervention functions; these
criteria are: (1) Affordability, (2) Practicability, (3) Effectiveness and cost-effectiveness, (4) Acceptability, (5) Side
effects/safety, and (6) Equity. Additionally, specific policy categories supporting each intervention function were
identified; these were determined using the policy categories provided in the BCW guide (such as marketing,
guidelines, service provision, etc.). These policy categories help to support the execution and promotion of an
application, ensuring its successful implementation and maximizing its impact on the target user group.

Stage III: Identification of application function modules and usability evaluation

Step 7: selection of BCTs The BCTTvl, proposed by Michie et al.’3, describes how each BCT is associated
with various intervention functions. Focus group discussions, providing valuable insights based on their di-
verse backgrounds and expertise in the field, were used to select the most effective and feasible techniques from
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the potential list of BCTs, based on the APEASE criteria, to guide dementia-prone older adults in adhering
to long-term lifestyle interventions. The focus group discussions were structured such that participants were
divided into four groups, with each group responsible for in-depth exploration of one or more intervention
functions and their corresponding BCTs. Each group presented their findings and received feedback from both
peer groups and the moderator. Following the initial broad categorization of intervention content, we conducted
detailed analyses to determine the precise BCTs to be employed.

Step 8: determining the mode of delivery After selection of BCTs, the next step involved integrating these
techniques into the functionalities of the Cognitive Evergreenland app. This process entailed collaboration with
mobile app design and development companies, to determine the specific mode of delivery most suitable for
Cognitive Evergreenland, such as a mobile app, WeChat Mini Program, or web-based online support, to ensure
that users can easily access and use the app.

Step 9: assessment and refinement of app usability Once the mode of delivery was selected, two rounds of

pilot testing were conducted to assess the app’s usability. Through purposive sampling, older adult participants
with SCD and MCI were recruited from the Geriatric Medicine Centre in Fujian Province, China, to pilot the
application.

The pilot process included online or face-to-face interviews, using the Usability Evaluation Opinions
Collection Form (Additional file 3) to assess the completion rate of application users independently or with
assistance, and continuously collecting user feedback and modification suggestions until data saturation was
achieved, indicated by no new themes or suggestions emerging from the interviews. Based on the feedback
received, the application was revised and optimized. After optimization, a second round of pilot testing was
conducted with a new group of older adults with SCD and MCI, who were asked to complete the Mobile Health
App Usability Questionnaire for Standalone mHealth Apps—Patient Version (MAUQ-SP) to assess usability”.
The MAUQ-SP questionnaire comprises three dimensions: usability, interface and satisfaction, and effectiveness,
with a total of 18 items. Each item is rated on a scale from “strongly disagree” to “strongly agree” with scores
ranging from 1 to 7. The scores of all items are summed and averaged to obtain a total score, with higher
scores indicating better usability. Our previous research validated the Chinese version of this questionnaire,
showing a Cronbach’s a coefficient of 0.979, a split-half reliability of 0.919, and a test-retest reliability of 0.974,
demonstrating good reliability and validity*®.

Ethics and consent

This study obtained approval from the Ethics Committee of Fujian Provincial Hospital (K2021-03-029) and was
carried out in accordance with the Declaration of Helsinki. Written informed consent was obtained from all
participants, ensuring that they were informed in advance about the potential benefits and risks of participating
in the research. Participants were confident in the confidentiality and anonymity of their information.

Results

Step 1: define the problem in behavioral terms

Research indicates that older adults actively engaged in lifestyle intervention activities exhibit better cognitive
trajectories, with the most active participants more likely to observe improvements in their daily lifestyle habits,
which are associated with better cognitive outcomes, highlighting the crucial role of persistence in lifestyle
interventions in influencing cognition®”. Prior to this study, there were no reports addressing the barriers and
mechanisms affecting participant adherence to lifestyle intervention activities and lifestyle changes.

To address this gap, two researchers (RL and YJY) conducted a literature review>®-*0, we identified 12 known
barriers related to the adherence of older adults at high risk of dementia to multidomain lifestyle intervention
measures, based on the COM-B model (Additional file 4). The results of our review indicated that all influences
on behavior (physical and psychological capability, physical and social opportunity, and automatic and reflective
motivation) may be associated with non-adherence, confirming that factors influencing such behavioral
changes are highly complex. Most of these barriers are related to more than one aspect of the COM-B model
influencing behavior, with motivation the most prevalent. Based on our analysis, we inferred those social
influences, including factors from the social environment and others, such as social support, social pressure, and
social norms, can appropriately map to both reflective and automatic motivation. This suggests that promoting
social opportunities can enhance motivation behavior, and that this association may even facilitate synergistic
induction of compliance.

Steps 2 and 3: select and specify target behaviors
Based on the evidence synthesized from the literature review conducted by RL and YJY, the research team
identified high-intensity, long-term lifestyle interventions as the primary target behavior for older adults at risk
of dementia. This decision was supported by findings from key studies, such as the FINGER and Multidomain
Alzheimer Preventive trials, which demonstrated that sustained engagement in multidomain lifestyle
interventions can significantly improve cognitive outcomes.

The research team further specified the target behavior by defining:

Who: Older adults with SCD or MCIL.

What: Daily completion of multidomain lifestyle intervention tasks.
Where: Using mobile health technology to overcome location barriers.
How Often: Daily engagement.
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What target behavior?

Enhancing the ability, opportunity, and motivation for healthy behavior adoption among individuals at high
risk of dementia, improving compliance and engagement in lifestyle interventions, and promoting the sustained
adoption of healthy lifestyles

Who needs to perform the behavior?

Individuals at high risk of dementia (older adults with subjective cognitive decline or mild cognitive impairment)

change?

What do they need to do differently to achieve the desired

Complete multi-domain lifestyle intervention tasks daily

Where do they need to do it?

Leveraging mobile health technology, with no location restrictions

Table 1. Specifying target behaviour.

TDF
Obstacle factors Reason Facilitating factors Preferences or needs components
Insufficient interest and do not Lack of awareness about the benefits Provide clear and compelling information about the
believe that the interventions and effectiveness of the interventions, effectiveness and importance of the intervention . . Knowledge,
presented in the study are leading to disinterest and disbelief in through motivational interviewing and engaging Reading materials should | Intentions
effective and/or necessary their necessity educational materials be well illustrated and
ofund @ yr—y text-based, and the font oowiedee |
Don’t know the importance of Lack of understanding regarding the Offer educational sessions or materials emphasizing | $iz¢ should be large Knowledge,
. . significance of consistent engagement in . S Beliefs about
daily and long-term persistence . . . : the long-term benefits of consistent participation
lifestyle interventions over time consequences
Low self-efficacy, lack confidence | Feelings of inadequacy and doubt in one’s Implemgnt motivational strategies, such as Accumulate points and .
A o S goal-setting and gradual progression, to boost self- . . Beliefs and
in being able to adhere to ability to sustain lifestyle changes over an . . display the overall points s
. : confidence and provide personalized support and A - capabilities
behavior change long-term extended period ranking in real-time
encouragement
‘InCOHVCn.l ent access to Obstacles related to physical access Offer flexible intervention delivery options, such Apps to deliver Environmental
intervention (external challenges . . . . . . .
. and environmental factors hindering as online platforms or home-based programs, and interventions are easily context and
such as distance, bad weather, and A . . o . :
. participation in interventions provide support to overcome logistical challenges available and accessible resources
lack of equipment)
Competing priorities (such
as childcare and household Contflicting obligations and time Offering schedule flexibility and integration into Hope to carry out remote | Environmental
responsibilities) that are make constraints preventing individuals from | daily life, to help individuals balance competing intervention, which can be | context and
individuals too busy to properly | prioritizing lifestyle interventions responsibilities completed at home resources
follow lifestyle interventions
Worry about too many Anxiety about the complexity or volume Ereak d9wn intervention tasks and provide clear The tasks in different Relr}forcement,
. . . . . instructions and support, to reduce fear and promote Environmental
interventions and fear of learning | of interventions and reluctance to engage - . . modules are clearly
. . o A learning through the gradual introduction of new cepi L context and
new things in unfamiliar activities L distinguished or indicated
activities resources
Lack of affordability of healthy Financial constraints hmmng'accles's Provide affordable alternatives, such as increasing Don’t want to be forced to Environmental
: to resources necessary for maintaining . . s« » | context and
lifestyles (e.g., food) . healthy food variety options eat a certain “health food
healthy behaviors resources
De-stigmatization; the .
. . . . A o Environmental
. . . . . . . Launch educational campaigns aimed at reducing words “dementia” and
Dementia remains stigmatized Persistent societal stigma and . . . . « IR » context and
. . . . . . . stigma and increasing awareness about dementia, cognitive impairment
and associated with negative misconceptions surrounding dementia - X N . : resources,
. . . L . emphasizing the importance of early intervention do not appear in the name .
attitudes and preconceptions discourages engagement in interventions Social
and support and content modules of :
S influences
the application
If coaching istit personalized, Lagk of persor}ahzed support and Offer mdnv;duahzed coaching and support tfu!ored Set personalized points Goals,
§ . guidance leading to diminished to the specific needs and preferences of participants .
people won’t be motivated A AR goals Reinforcement
motivation and engagement to enhance motivation and adherence
Not familiar with mobile phone Limited technological proficiency and Provide user-friendly technology platforms with . . Environmental
. i L L o : . Professional staff available
functions and don’t know what to | uncertainty in troubleshooting issues intuitive interfaces and offer ongoing technical . context and
. . . . . - . for consultation
do when encountering problems | with mobile devices support and guidance to address any difficulties resources
. Absence of regular oversight and Implement strategies for monitoring and feedback, Posting tasks at fixed .
Lack of supervision and often . o . . . . Environmental
- . reminders, resulting in forgetfulness and | including regular check-ins and automated times each week or day
forget to complete intervention . . . - s . context and
incomplete adherence to intervention reminders, to enhance accountability and task can help establish a
tasks . : resources
tasks completion routine
. . . Enhance intervention content with interactive . .
The intervention content is not . . e . Intervention tasks havea | Environmental
. . . Lack of engagement due to unstimulating | elements, gamification elements, and personalized .
very interesting and can easily . - . . - high degree of autonomy | context and
. or monotonous intervention content experiences, to sustain interest and motivation over o
become boring the long term and personalization resources

Table 2. Barriers and facilitators to multi-domain lifestyle intervention participation. TDF theoretical domains
framework.

These specifications were validated during research group meetings, where the team discussed the feasibility
and relevance of the selected behaviors. The final target behaviors were aligned with the needs of the target
population and the goals of the intervention, as summarized in Table 1.

Step 4: identify what needs to change

Through focus group interviews, we specifically clarified barriers, and analyzed their causes, as well as
facilitators, to further understand user preferences and needs (Table 2). This process helped us gain a more
comprehensive understanding of the barriers and facilitators faced by seniors at high risk for dementia in
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adhering to multidomain lifestyle interventions, providing guidance for our subsequent TDF-guided mapping
of barrier areas that may affect BCW intervention implementation. Research on intervention functions provided
important background information. Overall, the focus groups generated a deeper understanding of factors that
need to be changed to achieve the selected target behaviors.

Steps 5 and 6: identify intervention functions and policy categories

Guided by the APEASE criteria, research team members initially identified relevant intervention functions based
on a correlation matrix linking the COM-B model, TDFE, and potential intervention functions. Subsequently, focus
group discussions were conducted to refine and finalize the selection, ultimately determining seven intervention
functions: training, enablement, education, persuasion, incentivization, environmental restructuring, and
modeling. These functions were then matched with corresponding policy categories using a BCW-based
relationship matrix.

Based on this relationship matrix and integrating the results of focus group discussions (Additional file 5), two
suitable policy categories were ultimately selected: “Communication” and "Public Service." “Communication”
involves the use of various media, such as print, electronic, telephone, or broadcast, to disseminate information
about the need for early intervention for dementia prevention to the public and professionals. For example,
dissemination of the need for early intervention for dementia prevention to the public and professionals through
brochures or looped video playback, emphasizing the serious consequences of non-intervention at this stage.
“Public Service” entails providing support services, such as integration of primary and secondary dementia
prevention, into the national basic health public service program. The remaining policy categories were not
included in the intervention options of this study, due to their inconsistency with the APEASE criteria; however,
past intervention studies have indicated that policy categories may have limited effects in individual or small-
scale interventions and are more suitable for providing recommendations for policy formulation from a macro
perspective. Therefore, the “Communication” and “Public Service” policy categories proposed in this study can
serve as reference points for policy recommendations.

Step 7: select behavior change techniques (BCTs)

To select the most applicable BCTs, we incorporated focus group discussions and thoroughly considered the
APEASE criteria. Through guided discussion and negotiation under the moderator’s stewardship, a consensus
was established on the identification of BCTs and their alignment with the respective intervention functions
(Additional file 5). Ultimately, we selected 16 BCTs that were deemed most suitable based on this comprehensive
approach (Table 3).

COM-B component Relevant TDF Intervention functions BCTs identified
4.1 Instruction on how to perform the behavior
Training 6.1 Demonstration of the behavior
Physical capability Skills 8.7 Graded tasks
Capability
1.1 Goal setting (behavior)
Enablement
2.3 Self-monitoring of behavior
Psychological capacity | Knowledge Education 4.1 Instruction on how to perform the behavior
15.1 Verbal persuasion about capability
Beliefs and capabilities Persuasion
15.3 Focus on past success
Reflective motivation | Beliefs about consequences Education 51 Infor‘matAlon about health consequences
5.4 Monitoring of emotional consequences
Motivation Intentions Education 13.5 Identity associated with changed behavior
Goals Education 15.3 Focus on past success
Persuasion 9.1 Credible source
Automatic motivation | Reinforcement Incentivization 10.2 Material reward (behavior)
Enablement 2.3 Self-monitoring of behavior
7.1 Prompts/cues
Physical opportunity | Environmental context and resources | Environmental restructuring
. 12.1 Restructuring the physical environment
Opportunity
. . o . 3.1 Social support
Social opportunity Social influences Modelling 6.3 Information about other's approval

Table 3. Selection of appropriate BCTs based on APEASE criteria. Training, imparting skills; Implementation,
improving capabilities or increasing opportunities by improving methods or reducing obstacles; Education,
increasing knowledge or understanding; Persuasion, stimulating positive or negative feelings or behaviors
through communication; Incentive, giving expected rewards; Environmental reconstruction, changing the
natural or social environment; Modeling, providing an example for people to aspire to or imitate. APEASE
acceptability, side effects/safety, and equity; BCT behavior change technique; COM-B capability, opportunity,
and motivation—behaviour; TDF theoretical domains framework.
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Step 8: determine mode of delivery

After discussions with data engineers and software developers, it was decided to implement Cognitive
Evergreenland on a WeChat Mini Program platform to ensure user accessibility and ease of use (Fig. 1).
Subsequently, using agile development methodologies, the corresponding COM-B components and BCTs were
translated into application functional modules. Through repeated communication with development engineers,
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Fig. 1. “Cognitive Evergreenland” WeChat mini program. The figure shows that the main interfaces of
the Cognitive Evergreenland application including: Home Interface, Cognitive Stimulation, Interactive
Communication, Health Diary, Health Education, Cognitive Training, Functional Assessment.
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the overall architecture of Cognitive Evergreenland was finalized, consisting of five layers: the user layer,
application layer, service layer, collection layer, and data source layer (Fig. 2). The user layer and application
layer were designed with different functional modules tailored to different user types. On the user interface,
these functional modules included Health Education, Cognitive Stimulation, Cognitive Training, Interactive
Communication, Health Diary, Functional Assessment, and Personal Profile (see Table 4 for details).

Step 9: assessment and refinement of app usability

Twelve older adults with SCD and MCI, comprising six women and six men, with educational backgrounds
spanning from primary education to post-graduate levels, and diverse levels of proficiency in smartphone usage,
ranging from “Not proficient” to “Very proficient,” were selected to participate in the first round of pilot testing.
The independent or assisted completion rate by users exceeded 90%, and 11 modification suggestions were
proposed (Additional file 3). Data saturation was achieved, as no new themes or suggestions emerged from the
interviews. Based on the feedback received, the application was revised and optimized.

Next, a further 24 older adults with SCD and MCI were chosen to assess the usability of the platform and
complete the MAUQ-SP3®. Survey results from the second round indicated that participants rated the usability
of the Cognitive Evergreenland app, in terms of the three dimensions of MAUQ-SP (usability, interface
and satisfaction, and effectiveness) and overall satisfaction, with scores exceeding 5/7 (Table 5), indicating
good usability. The application is currently under registration with the China Copyright Protection Center
(Registration Number: 2023SR0526900). The source code for the application can be found in Additional file 6.

Discussion

This study provides a step-by-step illustration of how to integrate evidence, theory, and validated assessment
tools into the development of mHealth applications aimed at enhancing the COM for healthy behaviors among
individuals at high risk of dementia. The BCW systematically describes the conditions needed in the internal,
external social, and physical environments of individuals, to achieve target behaviors. By mapping these
conditions to the elements of the COM-B model, intervention measures are linked to behavioral mechanisms,
providing a clear and specific practical framework for designing theory-driven applications®. Initially, we
identified 12 known barriers related to the persistence of multicomponent lifestyle interventions for older adults
at high risk of dementia within the COM-B model, by conducting a literature review. Following the selection and
specification of target behaviors, we further elucidated these barrier factors through focus group interviews, by
analyzing their underlying reasons, as well as investigating facilitators, and gaining insights into user preferences
and needs. We found that older adults face various complex barriers when participating in multicomponent
lifestyle interventions, including lack of interest, low self-efficacy, limited resources, time constraints, and
skepticism about intervention content, among others. These obstacles reflect the diversity in cognition and
behavior among older adults and highlight the need for carefully designed intervention measures to address
them. In comparison with previous research®*-4?, we also identified issues of low self-efficacy among older adults
participating in multidomain lifestyle interventions, indicating a lack of confidence in their ability to sustain
long-term engagement. For example, people may worry about the quantity and burden of intervention tasks
and be reluctant to learn new things. Additionally, the appeal of intervention content significantly influences
sustained participation, as individuals may perceive intervention tasks as monotonous and dull. These findings

* Step9:

Stage I: Understanding the problem and user preferences User layer | | User End | | Admin Backend ||
* Step 1: Define the problem in behavioral terms
- Methods: Literature review, using COM-B model
- Results: Identified 12 barriers T
Yy ® .
+ Steps 2 and 3: Select and specify target behaviours - - = o
- Methods: Evidence-based research data, combined with research group meetings e ey oy
- Results: Defined target behaviors Application -] @ RIBIERIRIERIE
layer HIETETEIEIETE
+ Step 4: Identify what needs to change EES HIEIE % H
g i i i 2l =
- Methods: Fo.c.us group interviews, using COM-B g % - HIE g g
- Results: Clarified user preferences and needs Z([3 R ] ®( g
AT HIE 8
Stage II: identification of intervention options and policy recommendations
* Steps 5 and 6: Identify intervention functions and policy categories |Functiona\ Assessment Management Ser\/|ce| User Points Analysis and ¥ Q \7~ 2
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+ Steps 8: Determining the mode of delivery : L i ik cquisition
- Methods: Discussions with engineers and software developers
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- First Round: Face-to-face interviews, 11 modification suggestions Source
- Second Round: Questionnaire survey, MAUQ-SP scores exceeded 5/7

Fig. 2. Architecture diagram of the “Cognitive Evergreenland” app development process. This diagram
illustrates the development process and overall architecture of the Cognitive Evergreenland application.

Scientific Reports |

(2025) 15:9004

| https://doi.org/10.1038/s41598-025-92535-2

nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

BCTs

Goals

Application features

behavior

4.1 Instruction on how to perform the

6.1 Demonstration of the behavior

8.7 Graded tasks

Enhance capability

Health education: Provide illustrated training materials, such as application user manuals, digital skills
tutorials, etc
Cognitive training: Implement cognitive training programs with varying difficulty levels

1.1 Goal setting (behavior)

Provide opportunities
Generate motivation

Cognitive stimulation: Based on previous research!~, regularly provide personalized and engaging
cognitive stimulation activities, such as themed art creation

Cognitive training: Offer gamified cognitive training activities for users

Health diary: Patients can use this module to record daily monitored data, such as blood pressure,
blood glucose levels, sleep duration, sleep quality, and exercise activity

Personal profile: Set point targets

2.3 Self-monitoring of behavior

Sustain motivation

Health diary: set up a dashboard interface for monitoring dementia risk factors

behavior

4.1 Instruction on how to perform the

Provide opportunities Enhance
capability

Personal profile: Users can seek advice from professionals through the “My consultation” module

15.1 Verbal persuasion about capability

Generate motivation
Sustain motivation

Personal profile: Administrators can leave encouraging messages for users through the “My
Consultation” module

15.3 Focus on past success

Sustain motivation

Personal profile: Record users’ completed tasks in the “My Points” and “My Tasks” sections

consequences

5.1 Information about health

Generate motivation
Sustain motivation

Health EDUCATION: Provide popular science knowledge on the benefits of consistent lifestyle
intervention

consequences

5.4 Monitoring of emotional

Sustain motivation

Functional assessment: Anxiety and depression assessment scales are regularly pushed to assess users’
mental state

Provide opportunities

Health education: Provide professional popular science knowledge from medical authorities (Medical

9.1 Credible source

Generate motivation personnel with senior titles)

10.2 Material reward (behavior)

Generate motivation
Sustain motivation

According to the set points rules, the system can generate points rewards for completing corresponding
intervention tasks, and the points can be redeemed for prizes (in the Health or Medical category)

2.3 Self-monitoring of behavior

Personal profile: In the “Health Record”, the health-related data collected by the system is displayed to
users as intuitive charts, such as line charts
Functional assessment: Regularly push evaluation scales to evaluate users’ health status

Sustain motivation

7.1 Prompts/cues

System management: Manage user data and monitor user task completion progress

12.1 Restructuring the physical
environment

Provide opportunities
Determine the specific delivery method of Cognitive Evergreenland as a WeChat Mini Program

3.1 Social support

6.3 Information about other’s approval

Provide opportunities
Generate motivation
Sustain motivation

Interactive communication: Provide users with a platform for showcasing personal achievements and
interactive communication, where they can like and comment on each other’s posts

Table 4. Application function module based on BCW theory. BCW behaviour change wheel, BCTs behavior
change techniques.

Usefulness
5.96+0.80

Total score
6.11+0.70

Interface and satisfaction
6.17+0.73

Number of cases | Ease of use

25 6.22+0.68

Table 5. Usability evaluation scores (mean + SD).

underscore the importance of paying particular attention to these factors during the application development
process.

We also conducted behavioral analysis of areas requiring change and linked our findings with intervention
functions, policy categories, and BCTs, to effect change. This approach allows for the customization of
interventions, to meet the preferences and needs of target users. Key elements that influence the participation
of older people at high risk of dementia in multidomain lifestyle interventions identified using the TDF
framework included: Skills, Knowledge, Beliefs and capabilities, Beliefs about consequences, Intentions,
Goals, Reinforcement, Environmental context and resources, and Social influences. Following the main steps
and principles of the BCW, we propose an mHealth management strategy for MCI and ultimately identified
seven intervention functions, two policy suggestions, and 16 applicable BCTs. Given the interactions among
all components of the BCW, the selection of appropriate intervention functions, policy categories, and BCTs is
crucial for maximizing the potential for behavior change when designing interventions.

The importance of identifying and analyzing the factors contributing to adherence, and barriers to
interventions is often underestimated, particularly in the context of older patients, who are typically retired.
Unlike younger age groups, where adherence to treatment may lead to increased health-related productivity,
this correlation is less straightforward among older individuals*!. In our study, we employed a theory-driven
approach to develop the application, similar to the methodology used by Smith et al. in their study to develop the
“Stay Active” smartphone application based on the BCW framework, with the aim of increasing physical activity
among women with gestational diabetes®”; however, our study identified more key intervention functions than
those found in their study, which included Enablement, Environmental restructuring, and Modelling. This
disparity may be attributable to the greater complexity of barriers to adherence to long-term, intensive lifestyle
interventions among older individuals, necessitating a broader range of strategies.
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In this work, we successfully integrated BCTs and Intervention functions selected through rigorous scientific
steps into Cognitive Evergreenland. By collaborating with data engineers and software developers, we identified
WeChat mini programs as the most appropriate delivery method and transformed various BCTs into functional
modules of the application. This customized intervention design can better meet the needs of users and improve
the acceptability and effectiveness of the intervention. Therefore, it is crucial to work with software developers
with experience in commercial application during the development process, to ensure that BCTs can be
realistically integrated into application functionality, while maintaining their rigor. Future researchers in the
mHealth field should consider adopting this approach, to ensure that theory can be effectively integrated into
application functionality, thereby maximizing its potential to promote behavior change.

This study has several limitations. First, there are limitations regarding the sample. The participants primarily
consisted of older adults at high risk of dementia, which may have introduced sample selection bias and could
restrict the generalizability of the application to a broader population. Second, the involvement of local healthcare
professionals and the consideration of local needs during the development of the Cognitive Evergreenland app
may further limit the generalizability of our findings to other regions or cultural contexts. Third, it is possible
that we did not identify all obstacles and factors potentially driving adherence to the multifaceted lifestyle
intervention, as not all key stakeholders (such as family members and government officials) were included in
our focus groups. Additionally, there may be variations in the understanding and acceptance of the intervention
strategies that necessitate consideration of cultural and linguistic factors. Hence, future studies to validate our
findings in different regions and cultural contexts are warranted. The next step involves examination of the
feasibility and effectiveness of the multifaceted lifestyle intervention based on Cognitive Evergreenland, along
with assessment of its impact on health behaviors.

We present an evidence-informed and systematically developed intervention aimed at enhancing adherence
and engagement in lifestyle interventions for individuals at high risk of dementia through the Cognitive
Evergreenland app. We describe the process of applying the BCW, TDE, and BCTs to identify and design behavior
change intervention components tailored to support the objectives of our application. The processes applied in
this study represent a structured approach that can be adopted by researchers to guide the development of mobile
applications targeting lifestyle interventions aimed at enhancing adherence and engagement in individuals at
high risk of dementia.

Data availability
Data is available on request due to privacy/ethical restrictions. The data that support the findings of this study
are available on request from the corresponding author.
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