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Background: Evidence for the beneficial effects of cognitive training on cognitive function and daily living activities is inconclusive. Variable study quality and design does not allow for robust comparisons/meta-analyses of different cognitive training programmes. Fairly low adherence to extended cognitive training interventions in clinical trials has been reported.

Aims: The aim of further developing a Cognitive Training Support Programme (CTSP) is to supplement the Computerised Cognitive Training (CCT) intervention component of the multimodal Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER), which is adapted to different cultural, regional and economic settings within the Word-Wide FINGERS (WW-FINGERS) Network. The main objectives are to improve adherence to cognitive training through a behaviour change framework and provide information about cognitive stimulation, social engagement and lifestyle risk factors for dementia.

Methods: Six CTSP sessions were re-designed covering topics including (1) CCT instructions and tasks, (2) Cognitive domains: episodic memory, executive function and processing speed, (3) Successful ageing and compensatory strategies, (4) Cognitive stimulation and engagement, (5) Wellbeing factors affecting cognition (e.g., sleep and mood), (6) Sensory factors. Session content will be related to everyday life, with participant reflection and behaviour change techniques incorporated, e.g., strategies, goal-setting, active planning to enhance motivation, and adherence to the CCT and in relevant lifestyle changes.

Conclusions: Through interactive presentations promoting brain health, the programme provides for personal reflection that may enhance capability, opportunity and motivation for behaviour change. This will support adherence to the CCT within multidomain intervention trials. Efficacy of the programme will be evaluated through participant feedback and adherence metrics.
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1 Introduction

The Lancet Commission report on Dementia prevention, intervention and care, has estimated that 40% of dementia risk across the lifespan is due to modifiable factors, mainly based on data from studies in High Income Countries (HICs; Livingston et al., 2020). Overall dementia risk estimates are similar in Low and Middle-Income Countries (LMICs; Mukadam et al., 2019); however less childhood education, smoking, hypertension, obesity, and diabetes were more prevalent in LMICs than HICs. Risk factors related to mental engagement or cognitive stimulation include low levels of education and cognitive reserve, poor hearing, lack of social engagement and factors that affect social engagement such as depression. The report states that “although behaviour change is difficult, and some associations might not be purely causal, individuals have a huge potential to reduce their dementia risk.” The authors suggest a model where cognitive reserve can be increased or maintained by attending to hearing loss, attaining a high level of education, and maintaining a high level of social contact. Other risk factor modifications that, in this model, would feed into cognitive reserve include maintaining frequent exercise, avoiding excess alcohol consumption, and reducing the occurrence of depression. Those from more deprived environments or circumstances may benefit more from lifestyle interventions (Livingston et al., 2020).

Despite the recent promising results of three anti-amyloid monoclonal antibody trials (Cummings et al., 2023), disease-modifying pharmaceutical interventions are not yet widely available for prevention and, by targeting a single proteinopathy or biological mechanism alone, they may not be sufficient to prevent dementia (Ackley et al., 2021) nor to cure the underlying neurodegenerative diseases that cause it. Given the multifactorial aetiology of dementia, approaches targeting multiple risk factors at the same time may be needed for an optimal prevention effect (Kivipelto et al., 2018). Therefore, multimodal lifestyle interventions with behaviour change approaches have been tested in some large randomised clinical trials (RCTs) to help at-risk older adults in preventing dementia (Prevention of Dementia by Intensive Vascular care, PreDIVA (Moll van Charante et al., 2016); Multidomain Alzheimer Preventive Trial, MAPT (Andrieu et al., 2017), Maintain your Brain, MYB (Heffernan et al., 2019), Healthy Ageing Through Internet Counselling in the Elderly, HATICE (Richard et al., 2019). Among these relatively novel trials, the Finnish Geriatric Intervention study to Prevent Cognitive Impairment and Disability (FINGER) was the first RCT to show that a lifestyle intervention based on five components (diet, physical exercise, cognitive training, vascular and metabolic risk monitoring, and social engagement) could improve cognition and reduce the risk of cognitive impairment over 2 years (Ngandu et al., 2015). Interventions combining cognitive training with physical exercise (Shah et al., 2014; van het Reve, 2014), non-invasive brain stimulation (Krebs et al., 2023), and other interventions requiring behaviour change (Park et al., 2007) have also been tested showing improvement in cognitive and neural function.

The FINGER trial included series of cognitive training support sessions lead by psychologists to assist participants with navigating through the Computerised Cognitive Training (CCT) programme and understanding the tasks included. These group sessions provided information and discussions on age-related changes in cognition, memory strategies, and memory training in everyday activities, in order to increase participants' awareness and understanding on these topics (Kivipelto et al., 2013), as well as to enhance their engagement and adherence to the cognitive training intervention, done independently on a personal digital device.

Following the success of the FINGER trial, The World-Wide FINGERS (WW-FINGERS) network of trials investigating the effect of multimodal dementia prevention/risk reduction interventions was established (Kivipelto et al., 2020). The Networks' key aims are to: share knowledge and experiences; harmonise trials methodologies in different populations; combine data to generate robust evidence globally that will help advance the implementation of dementia prevention strategies. The Network (currently including 60+ countries) builds on the experiences and expands the work of the FINGER trial by tailoring and testing the FINGER model in different cultural, regional, and economic contexts. Like all other components of the FINGER intervention, a Cognitive Training Support Programme has served as a guide/template for the other studies in the Network and is now under further development to improve uptake, adherence, and effectiveness of the CCT programme.


1.1 Computerised Cognitive Training programmes

There has been a surge in development of commercial Computerised Cognitive Training (CCT) programmes to promote brain training for young and older people, and those with various neurological and mental health conditions. Cognitive training is defined as “specifically designed training programmes that provide guided practise on a standard set of cognitive tasks” (Kelly et al., 2014). They normally aim to improve neuroplasticity and cognitive function or skills in various cognitive domains including processing speed, working memory, executive function, visuospatial skills, verbal fluency, and episodic memory (Smith et al., 2009). Neuroplasticity is defined as the brain's ability to adapt to changes in the environment through modification, reorganisation, and creation of neural connexions (D'Antonio et al., 2019). Thus, intervention programmes attempt to generate neuroplasticity by exposing older adults to new learning environments. There are various theories on which cognitive training is based, including compensatory strategies involving transfer of activation from posterior brain regions to more frontal lobe regions (Crabtree, 2023). However, there is still little consensus on how to best develop CT programmes and on the evidence-base for its effectiveness, especially with regards to transfer of training to activities of daily living (Butler et al., 2018; Jaeggi et al., 2020).



1.2 Efficacy of Computerised Cognitive Training for cognitively healthy adults

The evidence of the beneficial effects of cognitive training on cognitive function and activities of daily living are inconclusive. CCT showed a small but statistically significant effect on global cognitive functioning for cognitively healthy older adults in meta-analyses of up to 90 trials compared with control performance (Lampit et al., 2014; Gavelin et al., 2020). However, a Cochrane review on the effectiveness of cognitive training for cognitively healthy adults in late life reported mostly low effect sizes of post-training cognitive performance in global cognition and domain-specific outcomes (Gates et al., 2019). They selected 8 RCTs (n = 1,138 participants) of 12–24 weeks duration and assessed those with active controls separately from those with passive controls. They concluded that study quality with low sample sizes, different outcome measures, length of training and other variables do not allow for robust comparisons of different cognitive training programmes or meta-analyses of combined data. The systematic review conducted in the context of the development of the first World Health Organisation (WHO) Guidelines for the Risk Reduction of Cognitive Decline and Dementia reported that the quality of the evidence supporting the efficacy of cognitive interventions in reducing the risk of cognitive decline was “very low to low” (Chowdhary et al., 2021).

An underlying aspect of current CCTs is that they are mostly conversions of neuropsychological or cognitive tests that are used in research studies and memory clinics to test cognitive function (Gross and Rebok, 2011). Mostly, training aimed at selected cognitive domains (e.g., mental processing speed) appears to transfer effects to post-training test performance in the same domain (processing speed) rather than more general cognition or daily function. The ecological validity and applicability to daily functional activity for those at risk of dementia or with a degree of cognitive impairment is therefore questionable. Some far transfer has been reported for aspects such as emotional state, diabetes management and depression, but there are few studies on far transfer of cognitive training for preventing cognitive decline in older adults. Tetlow and Edwards (2017) compared 14 CCTs used in RCTs, all adaptive and process-based programmes with either “no contact” (passive) or “active” (sham CCT or psychoeducation) control groups or both control groups in 18 studies. They found most evidence for effects on attention, processing speed and visuospatial memory (near transfer) while effects in all other cognitive domains including executive function and episodic memory were non-significant. They found some evidence of far transfer from meta-analysis of four studies in self-reported everyday function but not in performance-based everyday function or Instrumental Activities of Daily Living (IADL).



1.3 Adherence to cognitive training programmes

Fairly low adherence or compliance to extended cognitive training interventions in RCTs has been reported. For example, in the FINGER trial, it was reported that compliance was +/– 60%; however, this included participants who only completed the first session of cognitive training, while adherence was 47% when considering only individuals who attended over 50% of group sessions and completed over 50% of the computer training (Ngandu et al., 2015, 2022). The main driver of compliance was computer literacy (Turunen et al., 2019). As computer literacy has increased over the last decade, the expectation is that compliance might improve in further FINGER-like trials. The length, content variation and duration of cognitive training that is most beneficial to reducing cognitive decline or transferring to daily life has not yet been established. However, some research has shown that too long a duration of CCT has no more benefit than a shorter duration (Belleville et al., 2022).

Behaviour Change aspects of CCT programmes are a growing area of interest, and the factors most important for adherence and benefits still need further research.



1.4 Behaviour change theory

Various behaviour-change theories and frameworks have been described. The Capability, Opportunity, Motivation and Behaviour (COM-B) Behaviour Change Wheel (BCW) framework (Michie et al., 2011) was developed to improve on other frameworks that aim to influence public health. COM-B is a system involving three essential elements, Capability, Opportunity, and Motivation, which form the hub of a BCW, around which are nine intervention functions to change behaviour, either socially or individually. Capability includes the individual's psychological and physical capacity to engage in the activity concerned, with the necessary knowledge and skills. Motivation includes all the brain processes that energise and direct behaviour, including habitual processes, emotional responding, as well as analytical decision-making, not just goals and conscious decision-making. The BCW refers to both “reflective motivation” (based on positive or negative feelings relating to new information/knowledge and understanding) and “automatic motivation” (through associative learning via, e.g., imitation resulting in new habit formation). Opportunity can include physical or social changes to the environment that make the activity possible, or prompt it. Opportunity can influence motivation as can capability; enacting a behaviour can alter capability, motivation, and opportunity (Michie et al., 2011).

Researchers have also recommended use of structured frameworks in the development of CCT programmes to ensure that behaviour-change and efficacy of the programmes is optimised (Khaleghi et al., 2021; Peeters et al., 2023). Expectations and beliefs about the outcomes of CCT may affect training motivation and engagement (Tetlow and Edwards, 2017).

Peeters et al. (2023) reported on Behaviour Change Techniques (BCT) of CCT from 88 studies with cognitively healthy adults. There are 93 individual techniques in COM-B falling into 16 clusters or categories (Michie et al., 2015). Up to 34 BCTs were coded in the studies reviewed, with a median of 3. Commonly reported aspects included were items that were necessary for completion of the training programmes such as having instructions provided, adaptive or graded testing and feedback on outcomes of behaviour (amount of time in training or performance), however, these were not shown to significantly improve efficacy of the training on cognitive outcomes. The BCTs that had clinical relevance for efficacy included “monitoring of outcomes of behaviour without feedback by a person,” “feedback on outcomes of behaviour from a credible or known source”,” “information about social and environmental consequences.” “non-specific rewards” and “feedback on outcomes of behaviour” (delivered by a person) resulted in lower efficacy. BCTs that positively influenced adherence to CCT programmes included “self-monitoring of behaviour,” “monitoring of behaviour by others without feedback,” and “self-monitoring of outcomes of behaviour.” Studies using “graded tasks” had lower adherence. Self-reported barriers to adherence included excessive time commitment, health problems, lack of interest or motivation, holiday/travel, and lack of time (Peeters et al., 2023).

To bridge the gap in poor adherence and efficacy of CCT interventions in clinical trials, there is scope for add-on support encompassing behaviour change theory that provides information and education, compensatory strategies for successful ageing, and that enhances mental engagement and motivation. We have developed such a Cognitive Training Support Programme that includes aspects of the COM-B BCW described in this manuscript.




2 Aims

The aim of further developing the group sessions provided in the FINGER trial into a novel Cognitive Training Support Programme (CTSP) is to supplement and support the CCT used as a cognitive intervention component of the multimodal FINGER model, which is adapted to different cultural regional, and economic settings within the WW-FINGERS Network. We aim to describe the structure and content of the CTSP, its development and relation to COM-B. This CTSP is aimed at improving adherence to the cognitive training since the original FINGER trial (Turunen et al., 2019) showed relatively low adherence to CCT by older adults. The programme is intended to be delivered in small group settings. The group meeting format provides an opportunity for social interaction in addition to the skills-learning aspect of the programme. This approach will enhance engagement while providing the extra benefits of cognitive stimulation and psychological wellbeing (Dinius et al., 2023). It is also intended to enhance participants' awareness of real-world functional implications of cognitive decline and the effects of cognitive reserve, to optimise the possibility of impact on activities of daily living.



3 Methods


3.1 Study participants and recruitment

The original FINGER cognitive intervention was designed for older adults with no evidence of dementia or substantial cognitive impairment, but with some risk for dementia as assessed with the Cardiovascular Risk Factors, Ageing and Dementia (CAIDE) risk index (Kivipelto et al., 2006). Potential study participants should be screened for eligibility criteria including older age (~60 plus); performing slightly below the average or norm for age on cognitive testing; presence of modifiable risk factors for dementia, such as high Body Mass Index (BMI), high blood pressure, low levels of physical activity and with no conditions affecting effective engagement in the cognitive intervention. Study participants may be recruited from community-dwelling populations or registers of older people interested in taking part in healthy ageing and dementia prevention research. Based on the wider WW-FINGER framework and higher variability of settings, the intervention has been designed to be adjustable, e.g., to slightly different age groups, people with some level of cognitive impairment [e.g., Mild Cognitive Impairment (MCI)/prodromal Alzheimer's Disease] and adapted to different cultural, regional, and socio-economic contexts that reflect the diversity and variety of target populations within the global WW-FINGERS Network.



3.2 The Computerised Cognitive Training programme

The CCT used in the FINGER trial is intended for use in WW-FINGER dementia prevention multimodal intervention studies globally. This in-house CCT programme targets several critical age-sensitive cognitive functions focusing on processing speed, executive functions, working memory and episodic memory (Ronnlund et al., 2005; Salthouse, 2019) aiming to increase cognitive processing efficiency (Gavelin et al., 2015; Dinius et al., 2023). Training of a diverse set of cognitive processes that play key roles in cognition and brain functioning may have the potential to optimise generalisability of the intervention effect to non-trained tasks and everyday contexts (Schmiedek et al., 2010). The rationale for the design of this CCT programme is grounded on prior meta-analyses showing that multifactorial cognitive training programmes focusing on several age-sensitive cognitive functions may have benefits over single domain cognitive training programmes in terms of cognitive performance gains across domains (Lampit et al., 2014, 2019). The programme is based on cognitive tasks used in our prior research on healthy older and younger adults, persons with stress-related illnesses and Parkinson's Disease (Dahlin et al., 2008; Sandberg et al., 2014; Ngandu et al., 2015; Walton et al., 2017, 2020, 2021; Malmberg Gavelin et al., 2018), where results have shown improved performance in trained tasks as well as near transfer effects that are maintained over time. The programme includes six tasks, with two measuring episodic memory, using a verbal paired associates task and a location learning task, and one measuring working memory with a spatial-span task. Executive functions are addressed by two running span tasks that tap the updating function and one alternating run task addressing shifting. Processing speed training is incorporated into the shifting task. Moreover, the training tasks are adaptively adjusted to the performance level of each participant to tap into neuroplasticity by creating a mismatch between cognitive task demands and the cognitive resources (abilities) available to the person (Lovden et al., 2010).



3.3 Cognitive Training Support Programme

The support programme for group sessions for the CCT in WW-FINGER multimodal lifestyle intervention trials that our team, including neuropsychologists with RCT experience have developed includes a series of presentations that aim to keep participants engaged, motivated and compliant with the CCT schedule over a 2-year period. The sessions may be covered in the first few months of the intervention so that participants can become familiar with the CCT tasks and get assistance with any problems early in the trial to ensure confidence in continuing with the schedule. A motivational booster session may be included at the 12-month timepoint of the intervention to help maintain long term CCT adherence.

The cognitive stimulation support sessions that have been developed are described below.


3.3.1 Group meetings

Study participants will be invited to a total of six group sessions led by trained psychologists. The first group session is focused on in-depth training for the CCT, so all participants will be enabled to engage independently in the CCT on a digital device. Subsequent sessions provide educational information on cognitive domain function, dementia risk factors, strategies for coping with age-related cognitive changes, importance of social engagement and topics for discussion.

Sessions 2–6 are structured as follows:

1. Brief cognitive training software refresh with question and answer (Q&A) time.

2. Main topic/theme of the meeting presented by a psychologist or trained team member.

3. Emerging tasks and topics for discussion.




3.4 Themes for six group sessions


3.4.1 Cognitive training support session 1

This session will provide a brief introduction to the cognitive training programme and instructions for the use of the software. Detailed instructions for using a digital platform (tablet or computer) at home, logging into the training programme, reading and following the instructions and proceeding through the tasks will be given. Demonstrations of each of the training tasks will be given and the training plan outlined. Number of training sessions and time spent on each, the methods of automatically recording compliance by the programme, will be outlined. We will suggest that participants may want to keep their own training diary if it helps them to keep on track. It is important that study participants feel a sense of self-efficacy after this session and are enabled to train independently. In addition, once training has begun, participants will have the opportunity to ask questions at further group sessions on any problems they have experienced. A set of Frequently Asked Questions (FAQ) will be made available to cover common problems that may be encountered.

This first session will provide two aspects of the COM-B model, capability, and both physical and social opportunity. CCT performance is reported to be improved in a group setting (Lampit et al., 2014). Thus, the first session should enhance initial performance and motivation to proceed with training through the social support of the group and awareness that one is not alone in experiencing difficulties with technology or with the tasks. The group sessions should also provide a safe space for asking questions, and receiving help from a credible source, the trainer, face-to-face (Lampit et al., 2019). The CCT programme will also be put forward as a structured method to maintain cognitive stimulation or mental activity.

Providing increased understanding of what the CCT programme is aiming to achieve and how the tasks relate to everyday life will fit with COM-B theory in terms of increasing capability, through education, and in motivation, if participants understand that they have agency to maintain their neuroplasticity through new habit formation involved in the training.



3.4.2 Cognitive training support session 2

The different types of cognitive domain functions and their meaning in the context of daily life.

In this session, the topic of cognitive domains such as episodic memory, working memory, attention and executive function will be explained in relation to the CCT tasks. Everyday examples of activities that use these cognitive domain functions will be given. For example, remembering a list of items needed at the grocery store or remembering an event that occurred the day before are examples of episodic memory. Participants may also relate to difficulties they have experienced in particular cognitive domains.

Transparency about what the CCT tasks involve may help alleviate frustration for participants who are struggling to achieve good results, as they may have a better understanding of why they find the tasks difficult. For example, it is well-known that mental and motor processing speed decline with age (Salthouse, 2019). If a task times out before one finishes and there is no explanation or feedback in the programme, participants may become frustrated at not being able to complete the task successfully. Thus, our in-house CCT does not time-out on tasks.

Topics of interest from the presentation about cognitive domain function may be discussed or about research behind the development of CCT programmes.



3.4.3 Cognitive training support session 3

Cognition and ageing and compensatory mechanisms.

This session covers the topic of normal age-related changes in mental abilities. The concept of subjective memory complaints and how these are relevant to cognitive decline and dementia will be explained. The discussion will centre on the differences between changes commonly reported, including slowing down or losing attention as opposed to sudden changes (e.g., after an illness, stroke, or head injury), or consistent and progressive cognitive decline that is making life more difficult to manage independently. The aim will be to reduce anxiety about normal age-related changes and to clarify that dementia is not an inevitable consequence of ageing.

Elements of successful ageing and brain maintenance will be described through strategies such as the importance of selection (of what is important), optimisation (focusing on selected activities) and compensation (finding alternative ways of dealing with less important things or activities that have become difficult; Nyberg et al., 2012; Karlsen et al., 2022). Everyday examples may be related by the presenter and participants.

The concept of cognitive reserve and resilience to brain pathology will be introduced next, and that it may compensate and protect against losses that may occur through ageing and disease (Cabeza et al., 2018; Arenaza-Urquijo and Vemuri, 2020; Dinius et al., 2023). This level of reserve differs between people for example due to genetics, intelligence, education and lifetime experiences, thus degenerative brain changes will affect people differently in terms of the clinical symptoms they may present with such as cognitive decline (Stern et al., 2023).

The session will end with a time of reflection for participants to think of changes they have noticed in their thinking abilities with age (positive or negative), what changes they are intentionally able to compensate for and how, and what is important for them to focus on to keep feeling confident in their thinking and activities. This will involve some BCT in participants taking agency for what is important for them to focus on in terms of their cognitive abilities with some active planning and in increased understanding about the social and environmental consequences of normal ageing.



3.4.4 Cognitive training support session 4

Cognitive stimulation, social engagement, related dementia risk factors and preventive activities.

This session is centred on the topic of cognitive stimulation to enhance neuroplasticity and engagement of all the senses. Cognitive stimulation refers to mentally engaging activities or exercises that challenge a person's ability to think. Cognitive stimulation aims to improve cognitive function through implicit learning tasks or activities to promote cognitive and social skills, while recognising the individual's own sense of self (Stine-Morrow et al., 2014; Stewart et al., 2017). Research on the impact of social engagement activities, networks, social support and relationships on cognitive function will be presented (Kelly et al., 2017). The concept of resilience will be introduced as a means to counteract effects of isolation and loneliness, and their impact on cognitive function (Tay and Lim, 2020).

A guided time of reflection will follow for participants to think of their personal situation and how this impacts their choices of stimulating activities. For example, those living alone may have different restrictions or availability in choices of activities to those living with a partner, spouse, or other family. The group will also be guided to think about what mental, social, and outdoor activities they enjoy doing and which activities they do alone or in company. There are various reasons to believe that brain training or other forms of cognitive stimulation will be enhanced if the activity is enjoyed rather than endured, due to the level of engagement experienced (Onafraychuk et al., 2021).

The session will end with time for the group to plan for incorporating new cognitively stimulating or challenging activities into their lives with some goal-setting. Lists of local organisations can be added to this session if participants want to take advantage of what is available for older people in their communities, for example, at museums, University of the Third Age (U3A) groups etc.



3.4.5 Cognitive training support session 5

Wellbeing factors affecting brain function and cognition. Topics in this session include sleep, stress, anxiety and depression, food and mood. These factors can all affect cognitive function either short or long term and will be considered in terms of healthy ageing and prevention of dementia.

Sleep—the importance of sleep in amyloid clearance, long term memory storage and mood will be described followed by a definition of sleep quality (Kang et al., 2017; Casagrande et al., 2022). Alleviating anxiety about lack of sleep and advice on how to improve sleep quality will be discussed.

Stress – concepts of good and bad stress will be described in terms of the body's fight-flight mechanisms and hormones involved (McEwen, 2007; Dhabhar, 2014). What happens in the brain during short-term and chronic stress will be described in relation to memory.

Anxiety and Depression—these mood state concepts will be defined with some examples (Lindert et al., 2021). The benefits of some causes of anxiety as a protective instinct will be discussed. Some of the effects of anxiety on cognition will be described and disorders needing medical attention will be mentioned. As depression is often associated with stress and anxiety, these factors will be discussed together, with discussion of their causes and related symptoms.

Management of these three conditions in terms of BCT will be discussed with the group, giving time for participants to think of new patterns of behaviour that may be beneficial to themselves and in increasing their sense of self determination in enhancing their wellbeing.

Food and Mood—to discuss how certain foods and nutrients can affect mood. The benefits of a diet such as the Mediterranean Diet (Loughrey et al., 2017; Agarwal et al., 2023), shown in research studies to benefit cognition in older people, will be presented (Feart et al., 2010; Chou et al., 2019). The beneficial effects of certain nutrients on mood will be briefly described as will the effects of vitamin deficiencies.

Example of topics for discussion: Carb cravings, energy dips, comfort eating, caffeine stimulants- good or bad.



3.4.6 Cognitive training support session 6

Sensory factors related to or affecting cognition including hearing, eye-sight, sense of smell, and dental health.

The importance of sensory input to understand our world and enhance mental activity and memory formation will be presented. Awareness about how intact senses can facilitate mental stimulation and independence in daily living will be discussed.

The group can contribute their own experiences related to sensory loss. Potential causes of sensory deprivation in eyesight, hearing, smell, taste and touch will be presented. Resulting effects of sensory loss such as social withdrawal and disengagement from activities such as reading, watching films, playing games, ability to drive can be discussed. Dangers of poor sense of smell and taste in terms of cooking, eating rotten food, detecting smoke or fire; poor sense of touch and peripheral neuropathy may be mentioned.

Research on sensory loss as signs of different types of dementia may be presented (Parkinson's and Lewy Body Disease and sense of smell; Dan et al., 2021).

Barriers to addressing sensory loss will be discussed including resistance to wearing hearing aids or glasses. Adaptations to sensory loss can be suggested including use of large print books, phone/TV screens, touch screen digital devices—phones, audio-loops, magnifying glasses and mirrors, and driving glasses. Examples such as having cataracts removed and the improvement noted can be shared by group members.

The positive use of pain to alert one to problems that need to be dealt with is a topic for discussion—to avoid bedsores, backpain, etc., one needs to respond to pain or discomfort signals by moving.




3.5 Inclusion of COM-B BCW aspects in the CSTP

To provide Capability we cover aspects of digital platform use associated with accessing the training, as well as examples of each of the CCT tasks with an explanation of the instructions to follow, the feedback to be received and ways to cope with any technical problems that arise. This will help participants to feel prepared for the training. Educational content in the sessions will cover the different cognitive domains being applied in each of the CCT tasks and related to everyday examples. Better understanding of brain function related to cognitive performance is intended to provide improved focus on the tasks. These two aspects will be covered in group sessions 1 and 2.

The Opportunity aspect of the COM-B model being implemented includes being in the active intervention group and having free access to the CCT for the duration of the trial, as well as support for those without home-based digital device availability. Participants will be encouraged to schedule regular weekly times for the training and to keep a training diary to track their progress as the self-monitoring BCT has previously been shown to increase adherence (Peeters et al., 2023). Adaptive testing to match participants' performance at each training session will provide the opportunity to be challenged at a level providing an optimal amount of challenge to enhance learning on the tasks. Although previous studies have not reported increased adherence to CCT with adaptive testing, this aspect needs further research.

Motivation is seen as a key component towards improved adherence to the CCT. Thus, a number of techniques will be implemented to enhance motivation, both intrinsic/automatic and extrinsic/reflective. These include Likert scales for self-monitoring of focus and motivation at the end of each training session; computer-based, graphically presented feedback on performance on each task at every session; a self-completed progress diary; face-to-face support with technical problems with the CCT during the group sessions and later via online support; knowledge that compliance will be automatically tracked at every training session completed. The educational components of the CSTP may also increase motivation in terms of participant's beliefs about the consequences of adhering to the CCT, the relevance of the training to cognitive functions affecting everyday life and in increasing agency for healthier ageing. The knowledge that study investigators will be tracking adherence via recorded logons and completion of CCT tasks may also be a motivator for those who respond to external feedback (Peeters et al., 2023).




4 Results and feedback

The Cognitive Training Support Programme will be completed with a feedback questionnaire for reflection of responses to the programme. Participant evaluation of items including enjoyment, benefits, motivation, relevance, ease of comprehension, engagement, and other aspects of the programme will be sought for a qualitative analysis of its effectiveness. Feedback on the CCT in terms of ease of navigation and technical issues, engagement and adherence will also be surveyed.

A cognitive and social activity questionnaire, as used in the FINGER trial, will collect average frequency of reading, crosswords, writing, games, listening or playing music, communal activities or participation in societies, studying, handicrafts, gardening, baby-sitting, and voluntary work on a 7-point Likert scale with alternatives from daily to never. The results will be translated into weekly activities and summarised. In addition, computer use will be asked separately (yes/no), and computer usage provided as one additional activity (corresponding to once per week).

Evaluating the effectiveness of the CTSP can be correlated with measures of adherence to the CCT. The Likert scales added to the CCT on motivation and attention will also be informative and will be important in understanding fluctuations in performance over time. In addition, when used in a study with cognitive outcomes, change in cognitive performance from the beginning to end of the programme would be the best quantitative measure of efficacy of the intervention. A pilot trial of the Cognitive Intervention (CCT plus Support programme) is desirable before adding it to a multimodal intervention trial.



5 Discussion

Cognitive reserve, or resilience against cognitive decline may involve increased connectivity in frontal and temporal brain regions as well as good blood flow to the brain via metabolic mechanisms. Thus, building cognitive reserve through new neural network formation and supporting brain maintenance are crucial components of non-pharmacological approaches to promoting cognitive and psychological function in older age and in early dementia (Gajewski and Falkenstein, 2016; Allen et al., 2020; Dinius et al., 2023). Age-related cognitive decline can be reduced through interventions including cognitive stimulation, social engagement and mental wellbeing (Wilson et al., 2012). The engagement model strives to embed the participant in complex environments that are socially and intellectually enriching, as well as challenging, as they require a diverse range of abilities rather than mastery of one skill (Stine-Morrow et al., 2014). Cognitive stimulation is a broader concept than cognitive training but can also encompass structured cognitive training. While Cognitive Stimulation Therapy (CST) programmes have been developed for people living with dementia and are recommended as a non-pharmacological intervention (Gonzalez-Moreno et al., 2022a,b), CST for cognitively healthy or mild cognitive impairment is not readily available.

However, as the evidence for efficacy and adherence to cognitive training, especially for long term clinical trials, is variable, further research is needed, both in CCT programmes and in the BCT incorporated in them. Many CCT programmes are merely adaptations of cognitive tests in different domains, thus the ecological validity for transfer to daily life is limited. There have been novel proposals to develop more 3-dimensional CCTs, serious video games and immersive sensory stimulation modules to increase participant engagement and for better transfer of training effects to long term gains in functional activity (Mishra et al., 2016; Sokolov et al., 2020). However, a video-gaming programme trialled for effects on cognitive performance found that older adults do not enjoy the same sorts of video games as younger people, such as Super Mario and action games with shooting of targets. Participants reported that the games were more boring than reading and other daily hobbies that were cognitively stimulating. Thus, motivation was not well-achieved. However, there are other studies with video-gaming showing some evidence of positive effects on cognitive function (Anguera et al., 2021; Gavelin et al., 2021). Sikkes et al. (2021) concluded that what is required is greater understanding of how to develop more personalised CCT treatments that can be better integrated with everyday life and meaningful everyday activities, so that ongoing engagement is more likely and that transfer of gains from performance on standard tests of cognition to relevant functional domains is enabled.

Our novel approach to overcome the barriers to engagement and adherence to CCT was to further develop the group sessions in FINGER into a Cognitive Training Support Programme (CTSP) to be led by trained psychologists, as described. Studies have shown that supplementing CCT with self-management programmes may produce greater benefits in cognition relative to cognitive training alone (Hertzog et al., 2020). The CTSP will provide participating older adults with information about cognitive function and how it relates to lifestyle choices, abilities, social setting, mental health and sensory capabilities. Thus, improved awareness of the benefits of cognitive stimulation and the ability to address modifiable lifestyle risk factors for dementia such as poor sleep, hearing, etc., aims to enhance the efficacy of both the CCT and the CTSP.

Through interactive presentations and discussion of various strategies for successful ageing and to prevent cognitive decline to dementia, the programme provides time for personal reflection, goal setting, and active planning that may enhance behaviour change and influence participant motivation, engagement and expectations of adhering to the in-house CCT intervention described. The COM-B behaviour-change aspects incorporated both in the CCT and the CSTP are based on results from previous analyses of aspects that show some efficacy in improving engagement and adherence to cognitive training interventions (Peeters et al., 2023). The development of this Cognitive Training Support Programme is for delivery in-person in group settings- another BCT that has shown positive effects in CCT efficacy (Lampit et al., 2014). However, it is adaptable for online use for small groups where interaction is possible. We have produced it in a series of slide presentations, but these may be converted to recorded video presentations. Discussion and reflection time has been built into the time-frame of the sessions. The design of the programme aims to be flexible enough for cross-cultural adaptation for global use either with CCT or “pen and paper” cognitive training. Some of the BCT and concepts can still be used in conjunction with Non-Computerised Cognitive Training. However, digital transition is happening rapidly in several LMIC, with the advantage of increased scalability and reduced costs for studies. Further modifications may be made to the CTSP to introduce more interactive content with co-design through participant engagement initiatives.



6 Conclusions

It was deemed appropriate to supplement the CCT used in FINGER with a newly expanded CTSP for group sessions due to reports of variable and low efficacy on cognitive performance and adherence to cognitive training programmes. In addition, BCTs incorporated into CCTs have shown some clinical relevance, but more evidence is needed for their efficacy on cognition. Thus, a support programme promoting brain health through cognitive stimulation and social engagement, as well as providing information about preventing dementia risk related to modifiable lifestyle factors is hoped to prove effective in enhancing both adherence and efficacy of CCTs. The programme provides for personal reflection that may enhance capability, opportunity, and motivation for behaviour change. The incorporation of multiple BCTs into the CTSP will allow for further investigation of their usefulness in this context.
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